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ABSTRACT

The Coast Range Bathollith north of Vanaouvar; British
Columbia, comprises within the mapped area rocks ranging in
composition from granitle pegmatite to gebbro. The most
widespread rock i1s the Capllano quartz-diorite which is
markedly hebterogeneous, and contains on the average sboul
3% inclusions, In relative abundance, the gquartz-diorite
13 followed by the Hollyburn grancdiorite., Hore than 80F
of the batholithic rock is of these two types. Within the
batholith are several roof pendants composed of early Hesow
zole voleanics and gediments., One of the most interesting
features within the area are the dykes. Although many 1le
wholly within the batholith, evidence is presented whieb
indieates that they are pre~batholithiec, These pre-batho-
lithic dykes are thought to have a significant bearing on
the problem of emplacement of the batholithie rock,

The wmarked heterogeneity of most of the batholithie
- rook, the distribution and alteration of the incluslons,
nisroscople textural relationships, snd certein other data
suggest that"muah of the exposed batholithle roeck oceupled
its present position by some process of replacement rather
than by forgeful intrusion. It is recognized, however,
that due to the nature of the country, the amopé of the work,
and ﬁo some extent due to the nature of the problem, the

evidence is not conclusive,



INTRODUCTION

Although the area dealt with in this report lies ad-
jacent to the largest clty in western Canada surprisingly
little geological work has been attempted in the vicinity.
To some extent this may be atitributed to the very rugged and |
inaccegslble nature of the country. lore serious, however,
ia the fact that the area includes the three main water sheds
aarving}the‘naarby metropollis, and permlission to enter is notb
easily obtalned., Yet, standing above either of these reasons
has been the general lask of interest in an area which is
largely composed of batholithie rocks and which offers little
in the way of economlic possibllities,

The first report on the area, largely reconnalssance in
nature, was made in 1913 by Burwash. The only other work was
done in the years 1932-3l by T. C. Phemister, who was at the
time on the staff of the University of British Columbia,
Phemister's excellent siudy, which was not published until
19&5,»3erﬁed as a very useful guide for the Tleld work,

The present work was done under the asusplces of the
Canadlan Gsological Survey. A field party under Dr, J. E,
Armstrong began the project in the sumer of 1948. The
writer joined the party in the following summer. This re-
port includes the more significant results from the work of

both seasons and in addition the results of a petrographie



il

ptudy ‘conducted by the writer during the winter of
1949=50.

The writer thankfully acknowledges the kind aid of
Dr, Ian Campbell in the inveatigation of the granitiszation

problem, Sincere thanks go also to Dr. Noble for providing
faoilities and genercus assistence in the msking of the
shole-section photographs,

In addition thanks are due the field assistants Willism
Heywood (Vanoouwer), Ralph Venour (Winnipeg), and Surrendra
Anin (Bombay) whose atd snd cheerful companionship resulted
in a very pleasant fleld season. Robert Christie, the sentor
assistant durding the 1948 season, kindly put his photographs
at my dispesal, Finally, the writer is deeply indebted to
J. E. Armstrong, without whose generous assistance and
willing cooperation this report could not have been r oduced,
The writer 1s partioularly thenkful for the thin sestions and
aane very good photographs which were provided by Dr. Arme
strong.

REGIONAL SETTING

The Comst Range Batholith, of which the 1) square miles
covered in this report represents only about 1%, 18 one of
the world's largest plutonic bodles. From a point just south
of the Fréuar River, it extends 1200 miles northward along
the cosst éf British @alumhigg reaching well into Alaska,

The maximm width of the batholith, sbout 125 miles, oecura
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genr 1ts southern end. *Ihmughmt its lengkth the averapge
width is approximately 80 miles.

Whon compared with the area of the Coast Range Batholith,
the extent to whish it has heen geclogleally inveatigated 1is
hardly apprecisble., Plate 1 shows what work had been done up
to 1947. The shoreline has been subjected to resconnaissance
mepping, but the only detailed work has been conducted in
those few localities which are of esonomle interest. Fram
i:iﬁxe to -‘.t;‘_;.ma « however, geologists have traversed acroas the
batholith, although writien reports are rare.

Moast of the western border of the batholith lies sub~
merged in the depression between the mainland and the 1lalands
off the coast {ses Plate 1). » -

The eastern bﬁmﬁr eoineides roughly with the eastern
margin of the Coast Range. Along this boundary the batholith
| is in contact with an mwm& series of sarly Mesozole vol-
canic rocks and sediments which comprise a broad belt in
central British Columbia, The contacd may be very sharp or
broadly gradational., In meny places the Triassic rocks are
wmdisturbed at the conbtact, Near latitude 5394, the writer
spent a portion of one summer (1948) mapping the eastern
contsot. Here the contact 1s in part a serdes of vertical
slices of coumtry rock alternating with narrow atrips of
batholithie rock, and in part a simple sharp contact against
very gently warped Nesozelc rocks. Unfortunately, the pub-
lished information coneerning the sastern contact of the



of the batholith 1s atill insufficlent to Justify a general
statemont as to 1ts nabure.

The avea mapped comprises the mountainous section of
country lying direetly north of the city of Vancouver,
pounded on the north by latitude L9° 30, and on the sast
by longitude 123 00', The southern and western bounda:
are formed by two rzm, Burrard Inlet and Howe Sound, re-

ies

spectively.

Although the region lles near a large city it is not
easily sceessible. A good road borders the north side of
Burrard Inlet ssrvicing several communities. This rosd ends
at the swmer mwrﬁ of Horseshos Bay which lles at the
southern end of Howe Bound, North of Horseshos Bay the wes~
tern margin of the sres is nccessible only by boab. Along
this coast, the mountains riss directly from the ses, and
the shore 1s composed of small rocky coves separated from
each other by sea ocliffs.

Within the last five years the central part of the
region has been made accessible by the completion of the
read up the valley of the Cepilano i%iﬁr. This wes bullt
g elestrieity fram the Dridge

%o sorviece a powerline bringi
River wumi'y in the north te Vancouver. The last road of
na jor ummlméa for geologleal work is that which goes up
to the Grouse Mountaln Chalet,



Figure 1 -- A view of The ILiong from the south

Figure 2 -- Mount Hanover from the west
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Figure 3 -- Looking down
the Capilano Valley toward
Crown Mtn., The Bridge -
River powerline and road
follow the Capilano River

Figure 4 —-- Ice-smoothed rock surfaceg on the
high ridges in the Vancouver area, The bare

rock surfaces are strewn with angular boulders,
some of which are erratic.
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The climate is definitely humid. In the central part of
the area ths annual rainfall 1s about 120 inches, most of
which falls during the winter months, Toward the south, the
precipitation falls off rapidly; Vancouver city receives
only sbout 60 inches smnnually, and the Fraser River Deltas, a
fow miles farther scuth, only 30 inches. During the averags
sumner, weather gonditions will make about 20 deys unsuitsble
for fleld work.

GEOLOGY

General Statement

In this report an attempt is made to dascribe very briefl-
ly the principsl gecloglie unlts. With thls as background,
apecial features which seem 1o besr on the problem of the
emplacement of the batholith are treated in some detall,

A general impression of the pesology of the Nerth Van-
souver sheet can be obtained from the enclosed map {Plate 3).
From this it is seen that the ares is made up predominantly
of batholithic rocks, The former country rock is represented
by several roof pendants of early lesozole volcanles and sedl-
ments,

A short digression is necessary to clarify the memming
of the term "roof pendsnt™ as used in this report. The term

was first proposed by Dalyt in reference to a large patch of

t Re A« Daly - The Okenagen Composite Batholith of the Cascade

lountain System: Geol., Soc, America Bull.,
vol. 17, p 336, 1906,
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Chopaks schlst in Similkameen granite, where it carried im-
plications as to shape and mode of origin. The shape was
that of a downward ﬁir&ateé wegge, or en inverted pyramid,
Regarding their origin Dely thought these blocks represented
the lower portions of a downward projection of the roof rosk
into ﬁha batholith, the upper portions having besn removed
by erasien,anﬁ the country rock between the pendants by nmage
matlec atoping, The term "pendant™ was derived from the some-
what analogous structure in Gothie architecture,

In conbrast to pendant is the term "septe”, whieh reféra
to narrow, spproximately wvertical acragn@ of péenhathmlithia
rock which separate plutons of aifferent ages and generally
of different composition,

Plate 3 (poeket) shows that the "islands" of sountry
rook fall somewhere between the definitions of "roof pendents”
amd of "mepta', The batholithic rock type differs on oppo-
site sides of two of the "lslands", namely, that comprising
Ht, Strachan, and ﬁhat oecupying the head of Lynn Creek, In
this respect, they resemble "septa®™. The bodies in question,
however, seem too wide and too blunt to warrant the term
"septa”, In amddition, the rocks on the opposite sides of
the "islands” are not always different (e.,z. the Britamnia
pand&nt}.

In this report the term "roof pendant" or simply "pen-
dent" 1s used without connotation as to shape or precise

mode of origin, in refsrence to large bodies of country
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rock surrounded by plutonie rocks.

The Texada and the Dritammlea pendan ts bring out the
oversll NIIW grain of ths Coast Range geology. This direction
is approd mately parallel %o the elongation of the Coast
Range Batholith, At the southern end of the batholith, how-
ever, where it has extensions to the east, the regionsl trend
chenges quite sgharply from slightly west of north to slightly
north of west, This latter trend 1s reflected in the abti-
tude of the beds in the Lynn and Strachan pendants,

The contacts bebtween batholithle and pendant rocks were
located by interpolating between meny btraverses which crossed
them., With respect to the scale of the map they should be
quite acourate. This, however, camnnot be sald for the con-
tacts {(dotted) between the different types of bathollthle
rocks, Only on two cccaslons were such contacts seen and
bvoth involved very acid rocks, the granitic pegmatite and the
Sunset zranite, Thus, as wlll be more apparent later, these
gontacts probably do not exlst as lines, yet they serve the
purpose of dividing the bathollth rocks into units convenient
for deseription., IExcept for a sliight modification in termin-
ology the rocks are classificd sccordlng to Joharmsen's
system, It was thought advisable to plot the thinusaﬁtien
determinations on an overlay sheet (Flate li), to emphasize
the non-uniformity of the rock and the dublcus character of
the dotted contacts. The dotted contzets were first drawn
on the basls of troverse notes and the fleld classification

of many hundreds of roek specimens. Then slight ad] uastmenta



-9

wers made to Incorporate the results of the misroscople
study.

The plotted thin-section data convey some impression of
the non-uniformity of the bathelithic rock. This impression
is felt more strongly in the fleld, Different specimens taken
from even a small ocuterop often differ widely in composition.
Because of’ﬁhia and also because of the dense lichen growth
which ususlly covers the forest outerops, it was often 41ffi-
cult to decide whether a representative gample had been
taken.

Batholithic Rocks

Although local heterogeneity is confusing and difficult
to dedl with In this type of ecountry, the broader relations
can be diatinguisheds

The area south and southwest of the Strachan pendmt 1is
'eampoasd prodominantly of a mediumegrained sodie granodio-
rite, with local variations ineluding granite, and gram itic
pegmatite, Execluding the roof pendsnt, the zone northeast of
the granodiorite 1s composed principally of granltic rock.
This includes the coarse red Sunset granite, the whiter med-
lum~greined Grouse Mountain granita, and probably the granitic
element of the Hollyburn complex.

The predominant bathelithic rock of the area, the Capi~
lano quarts~diorite, ocecurs northeast of the Strachan pen-
dant., It 1s 2 medium-grained hornblende guartz-diorite. This
rock constitutes nearly everything in the Capilano River
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yalley north of its junetion with Sisters Creek and has exe
tenslons northwest and east of the Capilano valley, from
which the rock is namsd.

lNoyrtheast of the Lynn »oof pendant a zone of mixed
granite and granodiorite separates the northeaat side of ﬁha
- pendant from the Capilano quartz-diorite to the north. Ag~
tually, the two roecks in this zone are not very different
although the erthoclase content varies locally from about L0 |
to 60% of the rock.

In local aress the Caplilano quartz-diorite grades into a
hornblende~diorite, These ocourrences, however sre not map-
pable except for two rather large bodies. m Crown diorite,
as the roek in these bodies was named, comprises most of Crown
liountain and all of The lions, Some augite~hormblende gabbro
18 mized In with the diorite but 1t could not be mepped sepa-
rately. Another small body of similar diorite was found in
the reentrant angle in the Lymn pendant, but exposures are ex-
tremely poor and reve in this area and little is lmown sbout
it.

North of the Lynn pendant are several small bedies of
gebbro, sbout which practically nothing is known execept ﬁxeir
pressnce,

For the most part the age relations between the differ-
ant types of batholithle rocks could not be determined.
Stsring@ra of the Sunset granite weres found cutting lollyburn
armadioiim , the roek ocoupying the southwest portion of the
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of the ares,in a ecreel: bed on the west side of Hollyburn Itn.
In addition, & single incluaian of vhat appeared to be the
Hollyburn granodiorilte was {ound in the grmite on the wohth
slope of Crouse Iltu. Thus it is certain that the Sunsot
granite is later than the Hollyburn granodiorite, and probably
the G@ou&éﬁ%ﬁanite 1s also later, The pegmatitic granlte
whiich i nmost sbundant along the zhore near Caulfield alse
cuts the pgraunodiorite, Iothing is knowm sbout the pegmatitie
granite-Sunset granite relationship, Ior is anything Imowm
about the Capilano quartz—ﬁiorite - dilorite-gabbro relations,
The neture of these latter rocks, and the difficulties of

terrain make it wnlllkely that these relations can be settled,

gggi Yendants

The mapped srea shows four mejor roof pendanta: the
Iynn, Strachan, Dritennie and Texada; and two smaller ones:
one at Coulfield and the other just north of lorseshce Bay.
The one at Caulfield is very small‘but because of certain
geclogical features within 1t, it is more gignificant than
the major pendants.

The clongate body of pre-~batholithic country rock which
forms the Lynn roof pendant is for the most pert composed of
metamorphosed andeslitic flows and tuffs, The rock is massl ve
and the bexture is completely undirected., "Directed” tex-
ture is uged in this report in reference to any texbture having
a strike., Interbedded with the valc&nié rock are sedimentary

beds including limestone (mostly marble), marls and cherts,
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The carbonate rock 1s commonly black and forms rather narrow
beds (less than 30 loet) vhich apnear to lens out along their
strike within short dlstances, These beds are partly composed
of gharn compriosing o great verieby of calcium-megnecsium silie
cates, Galena and gphelerite eloo are present in the skern
and have attracted interniilent economlic intervest during the
last 30 years. Unfortunaiely thoss deposits lile in the Horth
Vancouver watershed and consequontly the political nroblems in
commoctlon with thelr development are much nore difficulty than
those of a geolosleal nabure,

“he very dJdense chert-lilke rocks are volumeirically the
most Lmportant in the sedimentary series and comprise a large
portion of the pendant. These rocks may be finely laminated,
but usually only broad bands ore proesent, The [inely laminated
vortion contalns ceveral types of bands; soue have only quartz,
others acre of eplidote and pyroxene, and others chiefly metaw
morphosed voleanic material.

The beds are normally near vertical and except for minor
flexures they strike a few degrees north of west, that is, in
coulority with the reglonnl trend of the southern end of the
batholith. “he mailn structure is closely folded and parallel
to this reglonal strike, but the rocks have also been aflected
by minor transverse flexures. The contact between the Lymn
pendant and the batholith was rerely seen but appears quite

sharp near the ore deposits,
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The pendant which occurs on the mainland at Caulfield
13 muech smaller ﬁhan.the pendant just discussed, It neasures
sbout 600 by 1200 feot, The rock comprising this inclusien
forms the type section for the Caulfleld formation., It 4s
sormosed of fine-grained gmeissic rock, the prineipsl member
of which 1s a grey to black rock having alternating f&l&sgaﬁ*
rich and hornblende-rich layers. These layers ars usually a
small fraction of a centimeber wides, The nd ure of the banding
and the high feldspar content suggest that these rocks are
primarily reconstituted tuffs, although the original texture
has béan completely destroyed, Thoe gnelszs hore hes the seme
attitude (slightly nérth of west) as does the gnelss a&aﬁwring
in the Strachan pendant, in the country rock just rorth of
Horseshoe Day, and on Dowen Island, The sghore exposures ab
Caulfield are excellont and the rocks here will be Turther dis~-
cussed with respect to the pro-batholithic ayk@s'whiah sut
obliquely across the gnelns,

A large portionof the Strachan pendant 1s also composed of
the Caulfiold gneiss, Interbedded with the gneiss, howsver,
1s 2 notable amount of wveolcanlc nmd erlal, presumebly mebamorw
phozed flows or =ills, Théy form black or dark grey, Tine-
greined, massive beds which are completely lacking in direct-
ive texture, All the beds in the Straechan pendant are steeply
Mpping and strile slightly north of west. This direction is parallel
to the aﬁruc%ure in the Caulfield inclusion, en Bowen Island,
and in the ILynn pendent,



Figure 5 -- Exposure of Caulfield
gneiss on Strachan Mtn,
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Zxposures in the northern portlon of the Strachan pen-
dant are good, especlally on Strachan lltn. where glaciation
has laid the roek bare (see fig. 5)e IHere again the actuazl
contact was not seen, but since 1ts location can be narrowed
down to a few feet it cannot be broadly gradational,

The southern poritlon of the pendant is densely forested
and exposures are rare, Thls 1s unflortunate sinee the contact
18 more complex here than at the northern end. The typic&l
pendant rocks appear to be separated from the batholith by a
zone in which considerable Butonic rock is mixed with the
pendant rock., Iuch of thls rock 1s a rather fine-grained
diorite which has a wide varilation in the amount of mafic
mineral (hornblende mostly) contained. IHowever, there are
also patches, zones, and stringers of granite 1n the dlorite.
On the basis of general sppesarance this gramite 1s probably
the same as that which erops out on the west coast near Sun-
set beach, In addition to this, rock of the normal Strachan
pendant variety (Caulfield gneis§?§oleanics) is also ineluded
in the complex zone. As can be seen from the map, the zone
1s widest on the east side of the pendant and narrow on the
west, Cuteropa are so rare on the relatively gentle slope
rising from Burrard Inlet that the Hollyburn complex, as the
rock in this zone was named, could not be examined adequately.

The rocks in the Sritannia pendant are composed of a
sedimentary serles of slates, quartzlte and arkose enclosed

betweon two voleanic serles of massiw blue-grey andesite,



flowbreccia, agglomerate and tuff. Of these, the veleanic
rocks have the greater thickneas. The sediments and the
yoleanie rocks are apprently conformable, The general atti-
tude of the formation is strike 150° , dip 30° to 50° 3w,

™e attitudes, where evident, are f{airly consistent, but the
rock types do not apparently persist along the strike from one
ridge to another, This implles that there is more faulting
or deformetlion than is apparent. The contaet of the Drlitan-
nia pendant with the batholithiec rock is irregular iIn detsll,
more so than 1s indlecated by the map.

The country roek in the Texada pendant which forms the
¢liff's along the west coast north of Bowyer Island 1s composed
mostly of massive greenstone {actually a grey-green andeslts).
Tese fine-grained metamorphosed volcanics have no directive
texture, yet they are not uniform throughout, Irregular
patches and gones of hipghly conteminated diorite are scat-
tered throughout the body. The diorite grades into the green-
stone very gradually, and in many outercps 1t is very difficult
to distinguish between the two. The Texada greenstone was so-
named becsuse of its resemblance to the greenstone member of
& series whose type locd ity 1s on Texada Island, one of the
1slands north of Vancouver,

The massive charscter of most of this pendant obscures
{ts internal structure, The probably general trend is 20°
to L0° west of narﬁh,.aa indicated by very loeal flow strue-
ture, and possible horizons of pyroclastic rocks. This block
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of volcanies dlsappears under the waters of lowe Sound, se
its width 1s unknowm, The eastern contact is sharp in deteil
but very irrepgular. It was located by running traverses up
the mountain slopes from a series of pointa along the coast,
The rocks in the Britamias pendant and in the Texada
pendant are probably closely related, but in what mermer is
not elear. The close relation is suggested by the narrowness
of the separating quartz diorite body (about 2000 feet), 4as
far az has been determined there 1s no exposed counection be-

tween these two ponduants,

Besides the roof pendants, small xenoliths or inelusions
are scattered throughout the graﬁa&iorita and quartsz-diorite,
They make up an estimated 3% of the volume of the exposed |
batholith, These will be discussed later in the report.

SPECTAL FEATURES

Pre~-bathollthic dykes |

Probably the most unique feature in the North Vancouver
ares is the pre-batholith dyke., There are many of these dykes
in the area yet thelir pre~bathollth age was naf recognized '
until FPhemister made his study of the Caulfield area in the
sarly "thirties". These dykes are found throughout the whole
aresa, alﬁhaugh the exposures are rather poor, except In the
Caulfield area where the more detalled work on the dykes was
conducted.
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Figure 6 -- A pre-bathos-
lith dyke at the waterts
edge in granitic peg-
matite at Caulfield.

Figure 7 -- A closer view of the dyke shown in

fig, 6. Notiece that the granitic pegmatite cuts
the dyke (beneath the hammer)
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One of these dykes 1s shown in fig. 6. At first glance
it appears Lo be a normal dyke cutting the granitlc pogmatite.
Upon closer inspection, howsver, the pegmabitic rock is seen
to be cubling the dyke (fig. 7)e AL other loecalities thess
dykes are Intruded by stringers of granitic pegmatite, which
sometimes swell to bulbous forms within the dykes.

The typleal pre~bathollth dyke rock is very fine-grained,
dark green or dark grey, and usually massive, Host of the
rock is a mieroerystalline asggregate of quartz, andesine,
hornblende and biotite, with few or many porphyroblasts of
plagioclases, iiost of these dykes are a calcle andesite,

The largest pre~batholith dyke found 1s the one mapped
by Phemister near the tide gage at Caulfield (see pl. 2).

At the water's edge thls dyke cuts obliquely across the Caul-
Tield gnsiss; fere &nd there the chilled edges of the dyke
are still preserved. Following the dyke nmrthwar& fram‘ﬁha
dhore one finds that it passed out of the gneisgs incluslion
into the granite pegmatitve, Ixcept for minor intrusions of
the grenitic rock, the dyke essentlally malntslns its shape,
For a digtance of about 80 feet the dyke is in batholithic
rock, then it passesyinto the main Caulfield inclusion to the
north. On the northwest side of the dyke the plutoniec roeck
has displaced considerably more of the Caulfield gnelas than
on the southeast side. Thus the dyke was able, spparently,
“to act as a barrier protecting the gneiss from the granitie
rock. ?his barrier effect 1ls more strikingly shown by the



Figure 8 -- A pre-batholith dyke thought to be
intruded by stringers of Hollyburn granodiorite.
(The geometric relations shown, however could
permlt an opposite interpretation).

Pigure 9 -- Typlcal contact features of the pre-
batholith dykes., The borders seem to have been
corroded by the Capilano quartz-diorite.
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pre-bathelith dyke which oceurs on the shore nerﬁﬁ of the
tide gage (pl.2). For almost 100 feet, the dyke separates
the gneiss on the east from the granitic pegmatite on the west.

Within the mepped area are many hundreda of these dykes,
Yost are believed to be yra~baﬁh61ﬁﬁ1a but only a few (roughly
20) can be proved to be so, Stringers of granitic rock within
the dykes (figs« 8) sugpest that they are pre~batholithic, Con-
sidered 1ndividually, however, any illustration (such as Tig.
8), is inconeclusive, since conditions could be imagined by
which the spge relations would be reversed, Yet the cumuld ive
welght of the very mumerous cccurrences of stringers of batho~
lithic éaak in the dykes has led to the bellef that these
stringers are fairly relliable evidence of a pre-batholitie
age. The same signiflicance 1s atbached to the highly corroded
borders exhibited by some of the dykes (see fig. 9).

The pre-~batholith dykes have a tendenoy to be porphyro-
blestic, This ia true especially for the sentral portions
the chilled edges are generally free of metacrysts. The fine-
grained border does not seam to be affected until the very last
stage of absorption of the dyke rock, Fig. 10 shows an early
stage in which the centre of s dyke has bagun to fade away
within relatively unaffected borders, A later stage 1s rwyraé
sented in fig. 11 where the same dyke s shown rapidly be-
coming a "ghost".

It is rather uncommon, but occasionally a dyke is trun-

cated campletely by batholithie rock., One example occurs in



Figure 10 -- A pre-batholithic dyke showing the
beginnings of replacement by the Crown diorite.
The borders of the dyke have not been affected.
(Locality: mear The Lions).

Figure 11 -- This is the same dyke as shown in
fig. 10, but here the process has advanced to
a later stage. (The dyke offset may be the re-

sult of original intrusive form, or of pre-bath-
olithic faulting)



Figure 13 -- A pre-batho-
1lith dyke showing the typ-
ical blunt nose. Irregular
shape may be due to orig-
inal intrusive form, or to
distortion caused by move-
ment of the batholithic
rock,

Figure 12 -- A pre-batho-
lith dyke almost severed

by Capilano quartz-diorite.
The light colored band
along the contact above the
hammer is due to surface
discoloration, not due to
a chilled edge.
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the Coulfield area. More aammahly o dyke im almost severed
a3 shown in fig, 12, |

0@@&&10n&1ky o pre-batholith dyke may have been de-
fermaﬂ during the @mplacament of the granitic rock (see fig.
13)., There is no evidence of shearing in the dyke., Thus if
its present ghape is truly the result of deformatian {raﬁhar
than original intrusive form,, it must have been made plad lco
during She emplacement of the gramitie rock.

48 can be seen in many of the figures (e.g. fig. 10, 12)
the jointing in th@ batholithic roek passes through the dykes.
‘Tais is true for all the pre-batholith dykes. The "Tertiary”
basalt dykes, on the other hand, exhibit their own Jointing
whlch stops abruptly at the conbacts (shown in fig, 14,

Unce in a while & pre-batholith dyke will be psarallel to one
of the joint sets in the batholith. This is, however, for-

tulbous, and is not the general case.

Significance of pre-bathollth dyies
To evaluate the import of the pre-bathollth dykes 13 a

difficult task, That these bodies are actuslly pre~batho-
11thic has been adequately demonstrated and is a fact agreed
upon by & mumber of geologlsts including both staumeh "mag~
matiste® and fervent "granitizationists, With respect to
these dykes two msin hypotheses have been advanced, DBoth are
admittedly most Alfficult to comprehend,

The first hypothesis holds that the dykes are stoped out
units of eountry rock, It is posd ble that the dyke contacts



Figure 14 -- A "Tertlary" dyke showing ite
distinctive jointing.



may have had joint planes localized along them to facilitate
the removal of the country rock. The physiecal difficuliies

of such a process are obvicus., Host of the pre-batholith
dyltes occur completely isolated in granodiorite {ete.). Some
of these, often less than 16 inches wide, have besen traced

for several hundred feet (2 good example appears on Gost itn.).
The su?raundimg batholithic roeck commonly contalns only aboutb
3% of country rock in the form of amall inelusions, econseguent~
ly the removal of the country rock from around the dyke has
been remerkably complete, The theory implies that the grane
itic batholith was very vlscousj otherwlse the dykes surely
would have besn broken up or strongly deformed, If the dykes
had been placstic at the time, as well they might have, more
deformation (like that shown in fig. 13) would be expe cted
while they floundered in the wagnma,

The objections to & viscous magme are the same as have

been expounded "ad nausemm" in the thousends of granitization
debates whlch have taken plece the w rld over during the last
one hundred years. Iigh viseosity would slow up the stoping

process to such an extent that the time required for camplete
separetion of the dyke and country rock would be very great,

since the process could only be effected either by mmall 4if-
ferences in rates of sinking, or by differences in direction

of movement, The latbter aauid be caused only by currents in

the magma which the slender dykes could hardly resist, The

same viscous magma would also have to effeect the "1it par 14t"
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injections in the Canlfield formatlion, and the keystone
type of "intrusion" yet the be dlscussed, The room problem
on & small seale is exemplified in the latter type of ™in-
trusion®,

The gsecond hypothesis malntaing that the country rock
was changed to batholithic rock by scme process of graniti-
zation, The dyke rock with its chilled edges, smd difforent
compesition (though often very slight) is pletured as being
more resisbant to the granitizatlon agents than the country
rock. Admlittedly the degree of gelaativity required during
replacament 18 at leoast remarkable, Yot selectivity is cer-
tainly more characteristic of replacement processes than of
intrusion processes, »

In a sense this hypothesis attempis to solve the problem
by substituting one mystevy for another. Theobjectlons other
than the extreme sclectivity required, are those advanced
against the granitization theorles in gmam}., and thelr mage
nitude iz dependext on the viewpoint of the ocbserver,

It is held by some "magmetists" that the room problem is
of the sane order of magnitudle in botﬁm the replacement and
intrusive mechanimms, According to Barthl, the lithosphere

113&‘#&1, T.P.¥, - The Dlstributiono f Uxygen in the Lithogphere!

is composed of G0% oxygen by volume, In the granitization
process tﬁe oxygen framework of the rock can be considered

stable and only & small proportion of the cations which make
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up the remaining 10% of the volume need be displaced to
effect the change Irom country rock to granitle rock. Thus
the room problem in comparisan with the intrusive theory is
negligible.

Hore important as an objection to having the country
rock around the dykes replaced by o gramlitizatlon process is
the extremely high energy requirements of the "emanations"
and the lack of a sultable source for them. Also is the
peculiar abllity of these "emanablons"” to convert several

{lferent rock types into essentially ore granitle type.

As is obvious from the relative positions in which I
hagve placed the itwo ﬁﬁeoﬁles in this report, 1 prefer the
latter hypotheszis, The reason for upholding a hypothesls
whieh 1s as old as modern geology lies chiefly in the éhundant
evidence of replacement that 1s presemt throughout the whole
area, although at any one locd ity the evidence ls only on a

zmall scale.

Pogt=batholith dykes

The "Tertiary" dykes are composed of black basd t, and
are the youngest rocks in the area, Their fresh and un~
altered appearance makes these dykes easily identifiable,

In rock type they are identical with, and probably related

to the small basalt flow of Sentinel Hill, The age of these
- yoleanies 18 not positively known, However, they rest on the
Kogene Burrerd formation snd are covered by Pleistocene gla~

¢ial deposits, Thelr age is probably mid-lloecene, corres-



Filgure 15 —- "Probable post-batholithic dykes at
Copper Cove, in the Hollyburn granodiorite, Princ-
dpal criteria: the preservation of the chilled
edges, and apparent control by the joint planes

in the granodiorite,
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paﬂdihg to the period of great voleanie activity in the northe
west, In comparison with the older dykes, those of the Ter.
tiary are very few {1a§é.than 20 were found)., The jointing
in these dykes is entirely independent of that in the batho-
1ithic rocks, as shown in fig, 1ll. Since the basalb ﬁykas

and flows apparently have little bearing on the major problem
of the emplacement of the batholithic rocks, they are summar-
1ly dismissed in this report,

Ouotes have been used in reference to the "lertiery”
dykes because there 1s another group ef dykes which are older,
yet may also be of Tertiary age. The 1dentification of these
old post-batholith &ykas‘waa very 4iffionlt and the result
. seldom eertain, In lithology they appear identieal with the
pre-batholith dykes, although poseibly not quite so dense,
The following evidence was uged to assign these dykes to the
"yrobably post-bathelithic® group,

1. The tendency of these dykes to be parallel to one of

the prominent joint planes In the batholith rock.

2. Wellwdefined, and within the limlts of the outerop,

unbreached, chilled borders.

3. A tendeney to ocour in subparallel swarms (as shown

at Copper Ceve, fig. 15).

Lo Some evidence of a joint pattern independent of that

of the bathollth.

5; Lack of porphyroblastiec developmant.,

None of the above criteria, however, is conclusive alone.
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For example, 1f a dyke i1s parallel to a Joint set in the
batholith, a post-batholithic age is not demonstrated, since
the same relationship could have been produced by a pro-
bathollith dyké vhose vresence decided the attitude of the
jaint‘plames. Although, 1f the joint pattern was c¢onsistent
in the batholith over a broad aresz, the control over the for-
mation of the joints exercised by the dykes would be negli-
gible, The batholith joint pattern is, however, exceedingly
variable, in both direetion and spacing. For the local area
in which the jointing is consistent, o dyke, or Sw&rm of dykes,
may have been sn influential factor. This wae apparenktly so
in the case of the few prew-bathollith dykes whiech are parsllel
to the jointing in the granlitlic rock,

Chilled borders, unless well defined and extensive, also
are not conelusive, They are found in the pre-batholith
dykes, but usually are bresched in many places by the granitle
rock, An independent jolnt pattern in a dyke 1s belleved to
be good evidence, but only rarely does it oceoour,

The lack of porphyroblasts is suggestive of a post-bath-
olithic age, Nicroscopic examination was made of about 50
thin sections of the older dykes. About §0% of the dykes
identified in the field as pre-batholith showed at least some
porphyroblastic development in thin section., Of those ildenti-
fied in the field as "probable post-batholith”, about T75%
showed no porphyroblasts. The diserepancy {(10%) in the former
may be attributed to the sceldental location of the thin



Figure 16 -- An inclusion "dyke" of Caulfield
gneiss in Hollyburn granodiorite (at Caulfield)
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sections, and in the latter case dus to misidentification

because Of inconclusive field evidencse,.

Inclusion "dykes"
Occasionally a massive bed In the Cenlfield formation or

other country rock has been isolated in granitie rock, as
ghown in fig¢ 16, When only partially exposed, as 1a the
usual case, these dyke~like slabs are very difficult to dis-
tinguish from pre-batholith dykes. Since the original texture
in both the pra«bathnliﬁh dykes and the massive éauntry rock
has generally been entirely reconstituted, and the composi-
tions of both appear Lo be identleal, thin sections were of
1ittle value in determining whether the rock In question was
a dyke or a fragment of country rock. Where the rock contained
"11t par 11t" injections 1t was called an inclusion "dyke"
begause of the ai&ilariﬁy of the rock to a slasb of Gﬁnlfié&d
roek, This feature was, however rare and it is posaible that
some of the shorter dykes called pre~batholithie should have
been listed as inelusion "dykes". The inclusion "dykes" are

a eonfusing feature, but not ovarly important,

inelusions

| It was notlced during the field investigation that a
higher percentage of inclusions was recorded when the exposure
was very pood, This was caused by the rock discoloration, and
lichen covering which obscured the presence of inslusions in

the average outcrop and resulted in somewhat low estimates.
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So 1little of the whole area is exposed, that to sive even a
rough approximation of the inclusion content for the entire
mapped area 1s an agct that borders on the nalve, P. C.

Themisterd proffered an estimate of 3 ineclusions in the

1

Themlster, 7. 0. = The Coast lange Batholith Hear Vancouver,
British Columbla: xQuart. Jour, Gecl, Soc,
Lon,, vol, 101, p 69, 1947,

batholithic rock (exeluding of course the large pendants),
Although the writer is In agreement with FPhemister's estimate,
no »reof can be producsed, In any single outercp the actual
figure ranges {rom zero to well over 20%.

In the 5000 feet of vertical section, no apparent con-
centration of inelusions was noted with respect to elevation,
Inclusions oscur in the batholithic rock at sea-level and on
the mountain tops with no consistent difference in sbundance.
In their horim nbtal distribution, however, some slight vari-
ation occurs, A broad poorly defined zone exists between
Crowm Itn, and The Iions, in which the percentage of ineclusions
is higher than the average, probably approashing 109, The
mountaln mass belween Sisters Creek and the Capilano River,
vhich is ineluded in this zone loecally contalns over 205
inclusions,

As a m™Mile inclusions tend to be raver In the more acid
rocks. They are gpnavently non-exlstent in the Sunset granlite.
In the granitlic peguetlite they are locally abundant around

Coulficld, but overall they »robably average less than one
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percent. ¥ith respect to the more basic plubtonie types,
diorite and gaﬁbro, inclusiong are present, and sometimes
abundently 36,~but many are in the "phost" stage in whiech the
outlines are practically Indistinguishable,

The rock cémgrising he 16&# altered inclusions can be
matched with ﬁ&at forming the massive endesite of the country
rock and of the pre~bathollith dykes. At Caulfleld, a few
gnelssle inclusions can be found. The average Inclusion is
well~rounded and distinetly porphyroblastic {usually with
mediﬁm andesine metacrysts), generally appearing to be in the
process of replacement {see fig, 17 and 18}, Zvery stage
exists from}a nagsive, very fine-gralned rock, through those
flooded with plagloclase metacrysts, to "ghost™ inclusions,
The last stage 18 approached iﬁ the central lnclusl ons of
fig. 19, |

3ometimes a group of inclusions will be markedly elongate.
The iudivi&uals in such & group are wlthin small limlts para-
llel to one aﬁoﬁher, Sueh groups usually occur close to a
large inclusion or pendant, snd when thus located are parallel
to the structure in these bodles. IExamples are to be found
at Ceulfield, and north of Femo Creek,

Some inclusions apparently have been distorted, as shown
in fig. 20, Ab Caulfield some inclusions in which the
gneissie structure still remains show up Lo 30 degrees rota-
tion with respect bo the strike of the Caulfleld gnelss (fig,
21), It 1s unlikely that the rotatlion diowm is only an



Figure 17 -- atringers of Capilano quartz-diorite

replacing an inclusion, This is typical of many
inclusions in the Capilano guartz-diorite and the
Hollyburn granodiorite,

Figure 18 —-- Destruction of an inclusion by the
development of metacrysts. The granitic rock is

the Capilano quartz-diorite between Sisters Ck.
and the Capilano River,



Flgure 20 -- The inc¢lusion
(in Capilano guartz-
diorite) here has appar-
ently been drawn out and
distorted,

Figure 12 -- An lllustration
of Mghost" inelusigns
(egpecially right central
portion of the photograph)
in the Capilano quartz-
diorite,




Figure 21 -- Inclusions of Caulfield
formation in Hollyburn granodiorite,
Most are structureless, but the
gnelssic structure in two of them
suggests some rotation. (at Caul-
field)



apparent phenonenon due to »re-existing lolds because tigﬁt
mincr folds in the gelssic bands of the Caulfleld formation
are virtually'nan-exiatant, Thus the incluslons apoear to
have been in z batholithle mass that was once sonewhat plastic.

On the ridge leading north to Dlack Idn., a peculisr in-
cluslon ogcurs in the Iollyburn @rﬁﬁoﬁieﬁiha. It is round,
porphyroblasile, and about a foul in diumeter. The peculiar
feature 13 a wajor joint which divides the Inelusion vertl-
cally inbo twe wproximately egual parts, The joint stops
gbruptly at the border of th@ inelusion, and the granodio-
rits Imsedistely surrounding it has no joints. Since tiis
z2all Ineclusion is 3rippaﬁ in the batholith by interlocking
erystals, and rubual feldspar metacrysts (l.e. metacrysts |
ghared by batholith and the inclusion), 1t 1s very wnlikely
tiat thé joint could have been Iformed alter the emplacement
of the batholithlie rock - vet he plutonic rock did not enter
the joint plane. This suggests that the emplacement of the
batholithic rock waé not overly dependent upon open spacse.

If one assumes the lilkelihcod that the joint passes com=
pletely through the Inclusion, ﬁh@ﬂ an additional conelusion
is that the inclusion wéﬁ not free to fall apart in the bathoe

1ithic mediunm.

Bxeept for the occasionsl group of inelud ons, obvious

banding in the batholithic rock is rare within the mapped

area, One oxample, however, doez occur in the diorite-gabbro



Figure 28 -- Banding, possibly flow banding
in the diorite-gabbro complex of The Lions,
The bands are segregations of dark minerals,
hornblende and augite. i

Figure 22 -- Keyctone pattern of "intrusion”
typical in the Caulfield formation at Caulfield.
Granitic rock is Hollyburn granodiocrite.
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compliex of The Idons, As represented in fipg. 22, the strue-
ture is produced by banded segregations of hommblende and
auglte in the gabbro, There 1s no largse body of country

rock close enouch to this occurrcence to permit comparisons

of its structure to the bmnding nictured, DBecause of the
distinetness, stralghtness, and locelization of the banding
the wrlter prefers to interpret it as ‘whost' bedding rather
then flow strucbure. Definite proof, however, is lacking and
the possibility of primary foliation cannot be dismlssed.

In zenersl, oriented structures are rare in the batho-
1ithic rocks. Locally, however, in the Cepllano quartz-dio-
rite, the rock is slightly foliated, although the trends are
Inconsgistent even within every asmall arezs, On the whole the

batholithie rocks are "richbtungslos®,

Keystone "intrusions”

The Caullield féﬁm&%ion has a promninent joint system
wiich has controlled to a large extent the emplacenent ol the
batholithic roelk within it. OUme set 1s @ proximabely vertical,
and parallel to the bedding, Another set, also vertleul, is
at about right angles to the bedding, and & thiri joint sct
ig approxinately horimnital. Mge 23 shows the Kkeystone
ghepe of "intrusion" that often results from the joint system.
Similer pétt@rns, occourring where the third dimension is
visible suggest that the rectangle of granitic rock in fig.

23 has appreciable depth, That is, ihe square does not repre-

sent & thin Yvein' of granitic rock lylng in the horimntal
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joint plane, Other features in the plebture ineclude: a laeck
of distortion of the bedding, several small struciureless ine
clusious, and distinect scallops on the cuber edge of the
parily free Traguent in the upper right hand corner of the
block. Wne first and last points are suggestive of replace
nent. Close inspectlon dhows thav the partly freed fragment
of country rock in the upper corner is aciually not displaced,
It is still sollidly connected with the country rock along its
uppéer edge. Removal of the country rock by a stoping mechan-
ism or by upward displacement is fraughi with difficulty, es=-
peclally when 1t 1s borne in mind that the palttern in ihe
vhotograph occurs also on the wertieal scale. If the country
rock has been faded by a process of replacemont and altera-
tion, the sharpness of the boundaries 1s remariable. Tel the
writer prefers this view, partly because the gap in the
knowledge of replacement processes ls greater than that in

the undersbtanding of intrusion mechanisms.

General Statement

The concept of a batholith as s mass of plutonic rock
uniform in texbure and composition was refuted at svery stage
in the investigation of the North Vancouver area., In the
preceding pages, an attanpt was made Lo convey some lmpres-
sion of the heteogeneity found in the batholithle rocks.

This was evident when traversing in the fi 1d, when reviewing



the hand specimens in camp, and finally when examining the

thin sectlions under the nicroscopo.

et

Of the 130 thin gectlons of plutonic rock examined, only
about 20 seemod cleanly crystallized, ™normal” igneous rock,
In all the remaining sections there was more ¢r less evidence
of contamlnation. The best mciiiod for recognizing lorelpm
materlel in the granibic rock scomed Lo lie in examining many
thin sectlons in a very short time, comencing with the coun~
try rock, then the conbaoet rocis and partially replaced inclue
o

sions, and finally the purer granitic rocl, is general plan

is followed where possidble in the following descriptions,

Countrvy Hock

Teither suffliclient hours nor sulficilont thin section
were avaollable to malke 2 nicroscople examinstlion of all the
different rock types in the aresa, There are three types of
country roel, however, that form most of the psn&anta and
nearly all of the inelusions, OUnly these wlll be deseribed,
partly becsuse of thelr relative sbundance, and partly be~
couse of sone inbteresting relationships which they show with

the bathollthlc roel,

Tyve 1
Yerhaps the most common type is a fine-grained granulite

containing an interlocking mosaic of feldspar (ecalele to
medium andesine) graine with more or less hornblende., Juartsz

is present in verinble awounis bub tends Lo be gqullte low,



Figure 24A -- Upperleft is Caulfield granulite; lower
right is pre-batholith dyke. These are separated by

a "lit-par-1it" stringer of granitic pegmatite. The
pegmatite 1s preferentially replacing the granulite.
Some replacement of the dyke has also occurred but the
dyke contact is still relatively straight, while the
contact with the Caulfield granulite is quite irregular
in detail, (X5: crossed nicols).

Figure 24B -- Showing the detail of the replacement
of granulite by pegmatite,(in fig. 24A). Notice the
reslduals of granulite jutting downward into the peg-

matite and suspended residual (arrow). (X40; crossed
nicols)



Finor emounts of megnetite, apatite, and sphene are also
present, This rock makes up most of the Caulfleld Tormation,
it 183 completely recrystallized so that no original texture
remains. Ouite often it is gneissic, The banding {although
possibly the result of mebamorphism) and the feldspar-rich
composition suggest that the rock was originally an andesitie
tuff,

Pig, 2hA shows a "lit-par-lit" injection of granitic
pegmatite along the contact between the large pre~batholith
dvke at Caulfield, and the Canlfield formation. On the scsale
of the thin section the Caulfield rock is the typleal fine~
orained grarulite described above, The pre-batholith dyke
diffaers not in grain size but slizhtly in composition and
toxture, It has considerably more hornblende and a directive
texture parallel to the contact. The figures show that the
emplacement of the granitic pegmatite stringer was not by
forceful injeetion of the rocks but by a process of replace
ment {(notice the suspended structures in fig. 248}, The
pepmatite solutions (1f solutlons they were) presumgbly were
localized along the plane of structural woalness represented
by the dyke contact, That an actual flssure existed along
the eonbact is nossible although theoretlcally not neccssary
mince the baked adge of eountry rock or the chilled edge of
the dyke may have possessed a crystal structure that was more
susceptible to replacement than the surrounding ecountry rock,.

ter the conbact was occupled by the granltic pegmatite the
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replacement activity showed a distinet preference lor the
Caulfleld rock. It is trus that the dyke roeck alsec was
subject to replacement but far less so than the Caulfield
rock. To éame extent this is 1llustrated in Tig. 2L,

If the process envisioned above procecded until all the
Caulfield rock was removed from the dyke, the result would be

the typleal isolated pre~bathollithic dyke seen in the area.

Tyne 2

fnother very common rock type cecurring In the roof pen-
dants and to a lesser extent in the small pendant at Caule
field 1g s fine-grained hypabyssal rock, Thse prinecipal
minerals are medium andesine and hernblende. Quartz may be
present to the extent of about 104 but is quite variable,
Zmall amounts of orthoclase, nagnetite, and apatite are
usually evident., This group of rocks represents a metamor-
phosed series of 3lightly baslc andesite [lows and sills,
In overall composition they differ only slipghtly from their
tuffaceous complement in the Caulfleld formatlion., 7These
are the type rocks of the Texada pendant. Although similar
in composition to the granulites and gneisses of the Caul-
field pendant, this rock type lacks the banding and differs
in bextura In spibte of the fact that eonsiderable altera-
tion of the plagloclase to & mixture of sericlte and clay
minerals, and of hornblende to blotite, has taken place, the
original orthophyric texture is still discernible, particu-
larly in the euhedral laths of plagloclase, Only partial



Pigure 254 -- An irregular growth of granitic elements
within a partly orthophyric (not well developed) fine-
grained andesite. (X5: crossed nicols)

Figure 25B -- An enlargement of a portion of 25A
showing the pervasion of andesite by granitic rock.
Notice the residuals which are almost invariably left

by this replacement process, (X40: crossed nicols)
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recrystallization has taken place.

Floures 254 and 258 show the partial replacement of this
type of rock by the felslc materiel of the bathollth, The
logation is on the summit of Hollyburm Ilitn. where patches and
stringers of aplitic meterial mark an early stage in the re-
placement of the 3trachan pendant. A4 later stage 1s repre-
gsented in the nmixed granitle and pendant material comprlsing
the Hollyburn complex which borders the southern part of the
Strachan pendant.

It should be noticed in fig. 258 that small residual
pabches of the country rock are very commonly isolated in a
much coarser-grained granitic material, Iere they are
evidently residual, bubt when these tiny aggregations of fine-
orained material occur in the otherwlse purs batholithle rock,
where no ecountry rock is available for comparison in “he thin
section, two Interpretations are possible, One holds thab
they are the result of vagaries in erystallization, and the
other, vhat they are aectually residusl. These occurrences are
very important since they are prescnt in the great majority of
the thin sections from specimens thalt were collected to repre=
sent the pure batholithic rock.

The more feldspathic inclusions, and irregular patches
in the greenstone of the pendants underwent a marked reerys-
tallization before being changed to batholithic roeck. The
fine-grained caleic andesite of the areenstone becanc &