
CHAPTER 3 

General Geology 

The Queen Charlotte Islands form the northern part of the Insular Tectonic 
Belt of the Canadian Cordillera. As such they have a stratigraphic and tectonic 
history very similar to that of Vancouver Island but with differences of timing and 
facies which become progressively more important from the beginning of the mid- 
Jurassic. 

In the Queen Charlotte Islands, rocks ranging in age from Late Triassic to 
Recent are exposed. Volcanic rocks dominate the stratigraphic column, but they 
are widely intercalated with fossiliferous marine sedimentary rocks so that a fairly 
complete stratigraphic record exists. There were three major periods of volcanism 
separixting four main periods of sedimentation. Plutonism occurred in two main 
periods. Deposition was more or less continuous from Late Triassic to Late 
Jurassic, during which time a great pile of submarine basal6 was erupted, followed 
by deposition of a thick limestone and Aaggy flysch sequence, and terminated by the 
second volcanic episode of explosive andesites. The Late Jurassic was a time of 
major deformation, syntectonic plutonism, and probably uplift and erosion. The 
second sedimentary episode occurred in the Early Cretaceous, and again flysch-like 
sediments were deposited in local marine troughs. Further faulting and deforma- 
tion preceded deposition of the third sedimentary sequence, a molasse-like marine 
sequence of Albian to Turonian age or younger. The Late Cretaceous was another 
period of faulting and local folding and uplift. The third volcanic sequence was 
erupted subaerially in the Early Tertiary and was followed by faulting, post-tectonic 
intrusion, uplift, and erosion, and coincident with the later deposition of the last 
sedimentary sequence in the Late Tertiary. 

The volcanic, sedimentary, and plutonic rocks have all undergone an evolu- 
tionary development with time that in part is parallel and interrelated; they all 
trend from basic to acid, from quartz poor to quartz rich. The volcanic sequence 
trends from oceanic tholeiitic basalts through porphyritic andesites to plateau 
basalts and rhyolitic ash flows. The sedimentary trend shown by the arenites is 
from quartz-free lithic sandstones to quartz-rich feldspathic sandstones. The plu- 
tonic trend is from m&c-rich hornblende dioritc to quartz diorite in the syntectonic 
intervals and from quartz diorite to quartz monzonite and soda granite in the post- 
tectonic interval. The following table of formations summarizes the stratigraphic 
nomenclature, chronology, lithology, and key fossils:- 
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STRATIFIED ROCKS 

VANCOUVER GROUP 

The Vancouver Group in the Queen Charlotte Islands includes the Karmutsen 
Formation, the Kunga Formation, the Made Formation, and the Yakoun Forma- 
tion. It is predominantly a volcanic assemblage and, with the exception of a small 
part of the Yakoun Formation, it is marine. The Karmutsen Formation is a thick 
accumulation of basaltic pillow laws and related rocks. It is overlain by two sedi- 
mentary units, the Kunga Formation of limestone and argillite and the thin Made 
Formation of argillite. The uppermost unit, the Yakoun Formation, is again domi- 
nantly a volcanic unit, but is much more variable that the Karmutsen Formation. 
The Yakoun is dominated by pyroclastic rocks, contains many volcanic sandstones 
and other elastic sedimentary rocks, and is primarily and&tic and porphyritic. 
Thus the Vancouver Group contains a widely assorted assemblage of rocks with 
discrete units of dissimilar nature. The most widespread characteristics, basic to 
intermediate volcanic nature and marine origin, are not universal, hence the writer 
was of the opinion that the unit should be abandoned. However, the consensus 
among geologists concerned with these rocks is that the group should be main- 
tained for the present because of its continuity over a large area. The emphasis 
in this report is on the separate formations rather than the group. 

The Vancouver Group was originally named by Selwyn (1872, pp. 52 and 63) 
the Vancouver Island Crystalline Series. It was further defined by Dawson (1887, 
p. 10e) as follows:- 

“As a convenient distinctive name for the whole, I shall employ the term 
Vancouver Series, including for the present under this name, not only the entire 
mass of volcanic materials which unconformably underlie the Cretaceous, but also 
the interbedded limestones and flaggy argillites and qusrtzites. This name may also 
be understood to include the similar beds of the Queen Charlotte Islands, as well 
as those of the southern part of Vancouver Island, to, which it was originally applied 
by Dr. Selwyn in 1871. If this great mass of rocks should eventually prove separ- 
able into Triassic and Carboniferous portions, I would suggest the retention of 
the name Vancouver series for the former.” 

Karmutsen Formation 

The Karmutsen Formation is a thick accumulation of submarine basic lavas, 
related elastic rocks, dykes, and sills, and minor limestone. The formation was 
named Karmutsen volcanics by Gunning (1932, p. 23) and was applied to volcanic 
rocks below the Quatsino Limestone that were well exposed in the Karmutsen 
Range of northern Vancouver Island. There is little doubt that the rocks on the 
Queen Charlotte Islands are the correlatives of those on Vancouver Island. 

The Karmutsen Formation is extensively exposed on Moresby and adjacent 
islands but is rare on Graham Island. The distribution is shown in the diagram, 
Figure 7. The thickest exposures are between Skidegate and Inskip Channels and 
along the axis of the Queen Charlotte Ranges from Juan Perez Sound to Lyman 
Point. The stratigraphy is imperfectly known, but the formation appears to be 
more than 14,000 feet thick. The base has not been seen. It is conformably over- 
lain by the Kunga Formation. 



Fig. 7. Karmutsen Formation: Distribution, facies, and special localities. 
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Lithology.-In the Queen Charlotte Islands this formation is composed of 
basic volcanic rocks, related elastic rocks, and derived amphibolites and schists. 
Only a very minor part, much less than 1 per cent, is composed of limestone or 
exotic rocks. Much of the formation is composed of highly chloritized textureless 
basic volcanic rocks, greenstone. Much is also composed of massive amygdaloidal 
slightly chloritized basalt. However, even more of the formation is composed of 
basaltic pillow Iavas, pillow breccias, and related aquagene tuffs (Carlisle, 1963), 
and these are regarded as the characteristic rocks of the formation (see Plate V) 

At a distance or on casual inspection the rocks of the Karmutsen Formation 
appear as massive dark-green to greenish-black rocks that weather a mid reddish 
brown. Exposures on the seashore tend to be fairly fresh and faceted along the 
planes of numerous, closely spaced, randomly oriented fractures, whereas those of 
the uplands tend to be rounded and reddish brown. Closer inspection reveals wide 
textural variation and lesser mineralogical variation. The massive lavas are com- 
monly amygdaloidal enough for bedding attitudes to be measured, but individual 
flows can seldom be recognized. In the greenstones, which have probably chiefly 
been formed from massive flows, neither attitudes, individual flows, nor significant 
textures can be discerned. In contrast the pillow laws, aquagene tuffs, and broken 
pillow breccias are highly textured. The first two are well bedded, but the breccia 
is unstratified. Coarse basalts, diabases, and fine gabbros occur within the volcanic 
pile, and most of these probably arc sills related to the flows, but definite criteria 
are seldom seen. Curiously, in the main pillow-lava assemblages, where recogni- 
tion is most easy, relatively few dykes or sills exist. Many of the flow rocks are 
finely porphyritic, but coarse or prominent porphyries are rare. The exception is 
a persistent minor type, a basic porphyry or glomeroporphyry with prominent 
plagioclase phenocrysts arranged in radiating groups, in groups resembling Chinese 
characters, or in a semi-random arrangement crudely resembling herringbone 
tweed. Local descriptive names for such rocks include star porphyry, tlowery 
gabbro, and tweed porphyry. These rocks generally seem to be sills, but in at least 
one instance they are known to be pillow laws. 

The pillow-lava assemblage that forms such an important part of the formation 
is composed of several related rock types. Pillow laws are the most abundant 
type, broken pillow breccias are common, and aquagene tuff without pillows and 
isolated pillow breccias relatively rare. All these terms are used as defined by 
Carlisle (1963, pp. 49-63). Massive laws form a small part of the pile in some 
areas but are important in others. From Flamingo Inlet to Werner Bay the pillow- 
lava assemblage is completely dominant. In this area about 70 per cent of the 
assemblage is pillow lava, 10 per cent broken pillow breccia, 2.5 per cent aquagene 
tuff without pillows, 4.2 per cent isolated pillow breccia, and about 13.3 per cent 
massive amygdaloidal “ flows.” About Moore Channel the proportions are similar, 
but massive laws form about one-quarter of the exposed pile. 

The pillows of the pillow lavas in most respects are similar to those described 
in classic areas (Wilson, 1960). Size in ellipsoidal pillows varies from a minimum 
of about 6 inches in long axis to about 6 feet. Balloon and bun shapes are most 
common, but in every extensive outcrop pillows occur that might be called bolsters 
but that more nearly resemble lava tubes (see Plate VA). Many of these, only 1 
to 2 feet in section, are exposed over 20 feet before they are covered or eroded. 
Many of them bifurcate, some of them repea$dly. Ellipsoidal pillows were noted 
in some cases to be moulded not only to the shape of pillows below, but also to adja- 
cent ones at the same depositional level. In such cases, pillows are rudely cuspate 
where they impinge against earlier deposited pillows but rounded on their ” free ” 
side. Sufficient detailed work in the Queen Charlotte islands might establish the 
direction of initial slopes. 42 
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The pillows are not especially vesicular nor is the variation in grain size 
between rim and interior great. Pillows are generally tightly packed but may have 
minor interstices filled commonly with quartz or quartz, chlorite, prehnite, and 
pumpellyite. Some of the interstices are in fact breccias formed of peeled frag- 
ments of pillow rim with interstitial quartz. Radial or concentric joints are poorly 
developed. However, sets of three or four parallel internal quartz-tilled joints are 
relatively common. These joints are planar lenses parallel to the plane of the two 
major axes of the pillows. Accurate dip measurements are much more easily made 
on them than on the pillows themselves. The joints as a group are centred in the 
pillow, extend at least half the length of the pillow, and are filled with 1 to 2 inches 
of quartz in the came. They appear to be cooling-shrinkage joints formed after 
the pillows had sufficient strength to maintain their outer shape. 

The broken pillow breccia, isolated pillow breccia, and associated aquagene 
tuff are identical to those fully described by Carlisle (1963, pp. 51 and 55) in COT- 
relative rocks at Quadra Island. “ The isolated-pillow breccia is a non-stratified, 
unsorted mixture of whole volcanic pillows, varying widely in form and size, en- 
gulfed in a volcanic matrix which itself is a tuffaceous breccia.” Broken pillow 
breccia “ consists largely of disaggregated fragments of pillows set in the (tufface- 
ous) matrix.” Aquagene tuff (and the tuffaceous matrices) is defined by Carlisle 
(1963, p. 61) as one “ produced by globulation or granulation through quenching, 
or both, or by a similar process entirely~beneath water or when lava has Bowed into 
water or beneath ice.” Characteristically they are laminated. 

In the breccias, pillow fragments of very fine-grained basalt are “stony-looking” 
compared to the coarse tuffaceous matrix and commonly weather a brownish 
shade more readily than the matrix. The matrix for the breccias is entirely similar 
to the aquagene tuff without pillows, except that the latter is well stratified. Broken 
pillow fragments in the matrix and in aquagene tulf are also brown weathering, 
angular, and very tine grained. Apart from dust the remainder of the matrix is 
formed of originally glassy shards, globules, and granules that have a light green 
“ reaction ” rim about 0.2 to 0.5 millimetre thick and a very dark green interior. 
Some globules are partially cut by fractures, and these are bordered by double 
reaction rims. Stony pillow fragments and originally glassy fragments can be recog- 
nized to the limit of vwbthty in hand specimen. The thicker sections of aquagene 
tuff are well stratified with beds 6 inches to 2 feet thick separated by minor very 
fine laminated tuffs, which may exhibit fine cross-beds in cot and fill structures. 
Graded beds are usual in the main strata, and inversely graded sets are common 
(see Plate Ve). The thickest tuff member recognized extends from Louscoone 
Inlet to Flatrock, and the Gordon Islands, where at least 75 feet of tuff rests on 
pillow lava. 

Sedimentary rocks form an insignificant part of the Karmutsen Formation and 
are mostly of volcanic origin, including possibly the limestones (K&a, 1929). 
Limestone lenses are fairly common and widely distributed even though they arc 
volumetrically unimportant. They are, however, rare in the thick sections of the 
pillow-lava assemblage. Most limestone is finely crystalline and textureless, and 
not very different from the overlying Kunga limestone. In two localities near the 
base of exposure (eastern Buck Channel and Werner Bay to De la Beche Inlet) 
tuffaceous crinoidal limestones occur. Here every gradation occurs between fairly 
pure limestone and pure lapilli tuff in 100 feet or so of strata. Other limestone 
lenses are a few feet to 200 feet or so thick. The lateral continuity of lenses is not 
great, but in the upper part of the formation lenses are found repeatedly at about 
the same horizons. In some localities, limestone lenses are found that have dis- 
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cordant attitudes with over-all gently dipping lava piles. In part these are believed 
to be rafted blocks. 

Fine green t&-like rocks are found intercalated with limestone and greenstone 
OI massive lavas. They are uniformly tine grained, and though they may be well 
banded with slight differences in colour, they are dense and not fissile. Graded 
beds are not evident, nor are reaction rims on clasts. Thus these rocks are unlike 
the aquagene tuffs in most of their characteristics. They are best displayed at 
Shuttle Island and Darwin Sound but occur elsewhere. Interlava volcanic sedi- 
mentary rocks of entirely local derivation look similar to these rocks but less banded. 
They may be fairly common though minor, but are difficult to recognize. 

Shales or other rocks of terrestrial origin are virtually absent, but in the lower 
part of the formation exposed from Werner Bay to De la Beche Inlet along Juan 
Perez Sound some occur near the tuffaceous crinoidal limestone. 

Considerable areas of the Karmutsen Formation have been metamorphosed 
in varying degrees so that relatively little of the original textures remain (see Fig. 
7). The chloritized textureless greenstone may represent the lowest expression of 
this metamorphism and coarse amphibalites the highest. The amphibolites are 
commonly fine grained, black rocks normally rather structureless, though some are 
finely foliated. Fairly regularly spaced blobs of quartz indicate in some that they 
were originally pillow lava, the quartz being that of the interstices. In many local- 
ities an alternation of tine- and medium-grained amphibolites may reflect original 
differences in grain size between sills and flows. In other localities every variation 
occurs from fine-foliated amphibolities with minor basic pegmatites to true migma- 
tites. Fine amphibolites and amphibolitic migmatites border all the syntectonic 
batholiths and in addition occupy most of the peninsula between Inskip and Skide- 
gate Channels. Coarse amphibolites are rarer, being mostly in the pendant septum 
between the San Christoval and Pocket batholiths. Schistose greenstones are found 
only along major fault zones. 

Microscopy.-The Karmutsen Formation is composed overwhelmingly of 
basalts with uniform composition but considerable variation in macroscopic and 
microscopic texture. The correlation between macroscopic and microscopic types 
is excellent, and the chief categories are as follows:- 

(1) Very fine nearly holocrystalline basalts with insertal textures=pillow 
lavas. 

(2) Fine diabase with sub-ophitic textures=massive and amygdaloidal lavas, 
dykes, and sills. 

(3) Breccias and tuffs of mixed sideromelane and basalt fragments=broken 
pillow breccias and aquagene tuffs. 

(4) Basaltic breccias, sandstones, and siltstones=interlava sedimentary rocks. 
In addition: 

(5) Limestone and silty or tuffaceous limestone, a consistent minor part of 
the unit. 

The following table lists the modes of pillow lavas and diabases:- 
PILLOW LAVA DIABASE 

%Y” 
.hveraw 

Phenocr)rfr- Of 8 
ChlOlifiC &4lF”oCryStiC pseudomorphs .~~~~~ 3.2 Plagioclase ~~,~~~.~~~~~~~~~~~~~~~~ ~~~~~~~~~ 2.9 
Plagioclase ~~~~~~~~~~~~~~~.~~~.~~~~~~~~~~~~~...~.~~,~~~~~~~~~~ 4, .8 Pyroxcne ~~~~~~~~ ~~~~~~~~~~~ 0.2 
Pyroiene ..~~..~~.~~~~~~.~ ~.~~~~.~~~~~~~.. ~~.~~ ~.~~~~~~~~~~ 31.8 Matrix- 
Iron or.3 ~~~~~~~~~~~~.~.~~~....~~~~~~~~~~~~~~.. ~...~~~~~~~~~~~~~ 2.7 Plaeioclare ~~~.~~~..~~~.~~~~~~~~~~~~ 43.5 
Semi-oPaque matter ~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~ 19.4 wroxene ~~~~ ~~~~ ~~.~~~~~~~~~~~~~~ ~~~~~~~~ 21.8 
Amygdules (chlorite) ~~~~~~~,.~~~~~~~~~~~~~~~~~~~~~~~~~ 1.2 Chlarite ~~~~~ ~~.~~~~ ~~~~~~~~~ ~~~.~ ~~~~~~~~ 18.7 

- IrOn 0x5 ~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~ 7.1 
1N.L -- 

100.2 
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(I) The pillow lavas have textures grading from intersectal to sub-ophitic 
with randomly oriented plagioclase laths with pyroxenes in part titergranular and 
in part in sub-ophitic relation. In addition there are minor chloritic phenocrysts 
pseudomorphic after pyroxene or possibly olivine and intergranular dark-brown 
semi-opaque, originally glassy material. If distinct iron ores are present, they occur 
within the semi-opaque devitrified matter. This matter may now be composed 
mostly of fme chlorite and chlorophaeite or, in slightly metamorphosed specimens, 
mostly of amphibole. Plagioclase laths average about 0.3 millimetre long and 
pyroxene crystals about 0.1 millimetre in diameter. Plagioclase may be either calcic 
labradorite in least altered specimens or oligoclase in more altered specimens. The 
pyroxene is most commonly pigeonite. Amygdules are rare, small, and commonly 
chlorite filled. 

(2) The diabases are similar but differ in grain size and details of texture and 
mineralogy. Phenocrysts or glomerophenocrysts of plagioclase seem more common 
than in the pillow laws, and pyroxene phenocrysts are common in a few specimens. 
Sub-ophitic textures are commonest and plagioclase laths are about 1 millimetre 
long with pyroxene crystals about 0.5 millimetre in diameter. In some specimens, 
plagioclase is zoned over the whole range of labradorite, but in most it is oligoclase 
and relatively unzoned. Both pigeon&e and augite occur in most specimens, some 
with a mantled relationship, but augite alone occurs in other specimens. Amygdules 
are normally present, and in least altered specimens are mostly composed of chlorite 
or quartz and chlorite; however, pumpellyite, prehnite, and clinozoisite are all 
common. In addition to rounded amygdules, there are present in most specimens 
small intergranular irregularly polygonal areas of chlorite. These are relatively 
free of other minerals or impurities. They commonly showed a zoned growth with 
n uniform rim and a central area of rosettes or bladed growth toward a central 
divide. They represent either small crystal-bounded amygdules or, less likely, clots 
of devitrified glass. Iron ores are more coarsely crystalline and may be in skeletal 
crystals, not uncommonly partially altered to leucoxene. 

(3) Pillow breccias and aquagene tuffs are identical microscopically, except 
that the brtxcias contain coarser fragments and are unstratified, whereas the tuffs 
are composed of fragments generally less than 5 millimetres in diameter ,which 
normally occur in graded beds. Both are composed of mixtures of two types of 
fragments, which will be called basalt and sideromelane respectively. Sideromelane 
fragments characteristically are shard-like particles with pronounced reaction rims 
of fairly uniform thickness parallel to the exterior. Four bands and an interior area 
are present in the larger fragments. These are a peripheral clear colourless band, 
a clear greenish-yellow band, a brown semi-opaque band, a second clear yellow 
band, and an interior zone of light-brown semi-opaque matter in some instances 
showing crude spherules with extinction crosses. Individual bands other than the 
interior are 0.05 to 0.1 millimetre thick. They may be distorted inward along 
cracks or about microphenocrysts. The crystallinity of the sideromelane is rudi- 
mentary, but some seems to be composed of fine chlorite. Microphenocrysts and 
glomerophenocrysts of bytownite and pigeonite form perhaps 5 per cent of the 
larger fragments. The shape of the fragments is shard-like unmodified by com- 
minution, and rarely showing any evidence of compression or flow. Exterior cus- 
pate shapes of broken vesicles are common. The fragments in breccia and tuff 
are compactly arranged with relatively little interstitial dust. Some open cavities 
originally existed filled later by quartz, chlorite, or rarely prehnite. The basalt 
fragments have a similar content of similar phenocrysts set in a dark-brown semi- 
opaque matrix with some microlites of feldspar. The fragments are angular but 
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not shard-like, and there are no banded reaction rims. Crystal fragments form a 
small part of the finer fraction of both tuffs and breccia. Characteristically the 
feldspars of basalt and sideromelane fragments and crystal fragments in the matrix 
are almost completely fresh in contrast to those of normal basalts and diabases. 
All these features are shown on Plate XII@ which is a negative projection of a 
thin-section. 

(4) Basaltic sandstone and siltstone are characteristically different than the 
aquagene tuffs in that they contain no sideromelane but are composed wholly of 
basalt and diabase and crystal fragments. Normally they are bedded but not in 
graded sets. Some specimens thought to be fine basalt lava or greenstone in the 
field were shown to be basaltic sandstones on microscopic inspection, 

(5) Limestones of the Karmutsen differ from the lower member of the Kunga 
Formation only in that some of them are les,s pure, containing a complete range 
in quantity of elastic volcanic fragments. Such impure or tuffaceous limestones 
are more characteristic of members in the lower part of the formation than in the 
upper. 

Progressive grades of alteration of the volcanic rocks are apparent, with the 
commonest alteration being simply a partial chloritization of plagioclase and 
pyroxenc. The common greenstones of the formation are apparently mostly formed 
from diabases. More intense alteration with growth of clinozoisite, prehnite, and 
pumpellyite first in amygdules and later in matrix and phenocrysts is apparently 
intermediate spatially and in grade to the amphibolitic basalts. The appearance 
of significant quantities of actinolite or hornblende replacing the mafic minerals or 
cryptocrystalline matrix may not significantly change the macroscopic appearance, 
and rocks classed as amphibolites and described under metamorphic rocks (p. 
140) are of a yet more intense grade of metamorphism. 

Chemistry.-The chemical composition of two relatively fresh pillow-lava 
specimens and one aquagene tuff is shown on Table II. Also shown are the averages 
of the two pillow lavas, of all the three specimens, the modes of the pillow lavas, 
and an average oceanic tholeiitic basalt (Engel et al., 1965, p. 731). The aquagene 
tuff is composed of fragments less than 3 millimetres in diameter with not more 
than 20 per cent basalt fragments, the remainder sideromelane fragments with 
some crystals and matrix. Of the two pillow laws, 59GJ97 is the freshest and 
contains unaltered labradorite feldspar, pigeonite, and iron ores. Specimen 59AB89 
appeared as fresh in hand specimen, but the plagioclase is oligoclase. the iron ores 
are altered to leucoxene, and the microphenocrysts to a mixture of chlorite, clino- 
zoisite, and carbonate. Though altered, this specimen is fairly representative of the 
pillow laws as they are at present. 

The main difference between Karmutsen analyses and Engel’s et ul. average 
oceanic tholeiitic basalt is in the markedly higher iron and lower magnesia in the 
Karmutsen. This may be a factor in the origin of the associated magnetite deposits 
(seep. 171). 



Slrafi@-&Y.--Study of the stratigraphy of the Karmutsen Formation was pre- 
liminary, nevertheless enough was learned to come to some conclusions. Within 
the restricted limits of the lithology described, the local stratigraphic sections vary 
widely. If metamorphic changes are ignored, the main difference from locality to 
locality is the degree of developmeot of the pillow-lava assemblage. In some areas 
such as Bigsby Inlet to western Kunghit Island, the pillow-lava assemblage is com- 
pletely dominant; in others such as about Moore Channel, it is important; and in 
still others such as eastern Kunghit and Kunga Islands, and Tasu Sound, it is nearly 
absent (see Fig. 7). 

Surprisingly enough, in spite of local variations in the stratigraphic column, 
certain rock types occur at what are judged to be roughly similar positions in differ- 
ent areas. Even more surprising is that the same appears true in regard to the 
formation on Vancouver Island (Surdam ef ul., 1963). As a result of further work, 
some of these rock types might become marker beds. Such rock types include the 
following:- 

(1) A biscuit-coloured massive Row with pyritic amygdules at the top of the 
formation. 

(2) A thin limestone 100 to 200 feet below the top. 
(3) A star porphyry 200 to 500 feet below the top. 
(4) A limestone member 1,000 to 3,000 feet below the top. 
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(5) A star porphyry with large poorly developed pillows near the base of the 
exposed unit; that is, 12,000 to 14,000 feet below the top. 

(6) A tuffaceous crinoidal limestone near the base, around 14,000 to 15,000 
feet below the top. 

The relative development of the various facies of the formation is shown dia- 
grammatically by the structural cross-sections (Fig. 6). The following reconnais- 
sance measured sections illustrate something of the nature of the formation; that is, 
its great thickness and variability within its limited range. The main section is a 
composite formed from the ridge west of Island Bay (see Plate Vc) and the shore 
of Scat Harbour. The local continuity of sections here is good. Unfortunately, 
although over 14,000 feet of strata is exposed, neither the top nor the bottom of 
the formation is seen. The lower part of the section is cut by subsidiary faults of 
the main Louscoone fault zone, and the Kunga Formation is not seen in the vicinity 
of the top, although it should be only 1,000 to 2,000 feet above. 

SECTION OF KARMUTSEN FORhL4TION AT SCAAT HARBOUR AND 
RIDGE WEST OF ISLAND BAY 



GENERAL,ZED COMPOSITE SECTION DOUGLAS CHANNEL-MUDOE lNLET AREA 

Tpmetss $g,,!g: 

Broken pillow k,reccian ~~~~~~~~~~~~..~~~~~~~~~~~~~~~~~~~~,. ..~~.~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 400 4w 
isolated pillow WeCEiaS ~~~~~~~~~~~~~~~~~~~~~~~~~ .~.~..~~~~~.~~~~. ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 400 
Broken pillow lmccian ~~~~~~~~~~..~~~~.......~.~.~... .~~~.~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~.~~~~~~~~~~~~ 6W ,,:I! 
Pillow ,avas ~~~~~~~~~~~~~.~~~~~~~~.~~~~~~~~~~~~~~~~~.~~~~_~~~. ~.~.~~~~..~~~~..~..~ ~~~~~ 1,200 2,600 
Massive AOWS ~~~~~~~~~~~.~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~_.~~~~....~.~~~~~~~.......~~........ 550 3,150 
Pillow ,w*s . .~~~~ ~. .._ ~~_~~~.~~~~.~~..~~~~. ~. 7w 3.850 
Massive ficws ~~~~_~~~_~~~~~~~~.......~..~.~~........~.~~~.~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~.~~~~.~~~~. 600 4,450 

&i&-The Karmutsen Formation was erupted entirely in a submarine en- 
vironment. This is shown by the existence of pillow lavas throughout the pile and 
by the intercalated limestones primarily at the base and at the top. Furthermore, 
in contrast to the Masset basalt flows, the massive Karmutsen flows never show any 
columnar joints. The depth of eruption is problematic. If Moore’s (1965) obser- 
vations regarding the relation between depth of eruption and vesicularity may be 
applied generally, then the Karmutsen pillow basal& would have been extruded at 
considerable depth for they have few and small vesicles (that is, 0 to 1 per cent 
and less than 0.2 millimetre). On the other hand, the diabases may be quite vesi- 
cular and appear to represent both sills and massive submarine flows. The depth 
of effusion thus must remain an open question, but with more than 14,000 feet of 
lava deposited in a relatively short time there must have been rapid coincident sink- 
ing if the first eruptions were not in deep water. 

The chemistry of the Karmutsen basalts is essentially similar to oceanic basal%. 
Comparison with analyses of submarine pillow laws of Hawaii (Moore, 1965), 
with dredged samples from the East Pacific Rise (Engel and Engel, 1964) and from 
the mid-Atlantic Ridge (Nicholls, 1965) shows the basic similarity of Karmutsen 
laws to these suites, albeit the data on Karmutsen rocks is very preliminary. In 
particular the Karmutsen basalts would seem to be what Engel, Engel, and Havens 
(1965, p. 721) call oceanic tholeiitic basalt, and the Masset basalts (p. 114) 
would be alkali basalt. (Average K?O content of Karmutsen pillow laws is 0.15 
compared with 1.15 for Masset flows, and the Na/K ratio is 15.6 for the Karmutsen 
compared with 3.22 for the Masset.) Whether the names tholeiite and alkali basalt 
are useful, unambiguous terms (Chayes, 1966) still remains to be decided. 

The relationship between pillow lava piles and massive lava piles will require 
more work before firm conclusions can be reached. Figure 7 shows the distribution 
of the different facies in plan. Where each facies is shown, it is dominant in the 
complete section, but minor amounts of each facies occur within the other. The 
amphibolites and greenstones are metamorphic facies, hut the original facies can 
usually he interpreted. The distribution in time and space suggests that certain 
vents or vent areas repeatedly produced pillow laws, whereas others repeatedly 
produced massive laws. The pillow lava piles appear to have been lensoid in plan 
in a more extensive “ matrix ” of massive laws. This distribution cannot easily be 
fitted in with Nayudu’s (1962) hypothesis of submarine tholoid formation in which 
a carapace of sideromelane tuffs surrounds an interior of diabase sills, etc. One is 
led to imagine that the formation was constructed from a coexisting series of lineal 
vents, some of which repeatedly produced pillow laws and their elastic products 
while others produced massive flows, the two types of vents probably being close 
enough so their products interfingered. 

The effusions of pillow lavas and massive lavas must have stopped almost syn- 
chronously. The massive limestone unit of the Kunga Formation is unfortunately 
not well dated, but the flaggy limestone is. Some variation in the thickness of the 
massive limestone may represent time differences in accumulation, but there is no 
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evidence of extensive interfingering correlated with variation in thickness of the 
limestone. In all probability the surface at the completion of eruption was remark- 
ably planar, and thicker sections of limestone may represent either the accumulation 
in slight hollows or possibly in elastic biohermal settings. 

Age and Correlation.-The age of the Karmutsen Formation is poorly defined, 
although recent work records the presence of more abundant faunas (Givens and 
Susuki, 1963) but only in the upper part of the unit. This at least is Karnian (Late 
Triassic), whereas the lower part might be Middle and even Early Triassic. Daw- 
son (1887, p. 10~) originally specifically limited the name Vancouver Series (Group) 
to the Triassic portions of the volcanic rocks if any should be found to be Late 
Paleozoic. On Vancouver Island the Karmutsen disconformably or unconformably 
overlies the Sicker Group, which contains an Early Permian fauna (Sutherland 
Brown, 1966, p. 83). Hence the Karmutsen Formation may be said to be Karnian 
and earlier Triassic. 

In the Queen Charlotte Islands the only fossils found so far are crinoid columns 
in tuffaceous limestone on Hutton Inlet and Buck Channel near the base of the 
exposed unit. These are not diagnostic, but it is possible that this lowest part, 
including the tuffaceous limestone, some shale, and the star porphyry flow, may 
actually be Permian (Jeffery, W. G., personal communication). Were this to be 
the case, these rocks would have to be removed from the Karmutsen Formation. 

From Dawson (1880 and 1887) onward, people who have studied the geology 
of northern Vancouver Island and the Queen Charlotte Islands noted the similarity 
of the pre-Cretaceous rocks, the Vancouver Group, and specifically correlated the 
limestone-argillite sequences (Quatsino and Lower Bonanza Formations and the 
Kunga Formation). Rocks below the Quatsino Limestone in the Nimpkish Lake 
area were named the Karmutsen Volcanics by Gunning (1932, p. 23). Hoadley 
(1953, pp. 16-17) collected diagnostic Late Triassic fossils from the upper part of 
the unit in the Zeballos area, and Jeletzky (1954, p. 12) refers to Karnian fossils 
collected by him in the upper part of the formation in the Esperanza-Kyuquot area. 
Both these authors call the unit the Karmutsen Group, but included it in the Van- 
couver Group. The lithological similarity of the volcanic rocks below the Kunga 
Limestone to the Karmutsen Formation amounts to identity, so that the writer be- 
lieves the use of the term Karmutsen is justified, even though no diagnostic fossils 
have yet been found in these rocks in the Queen Charlotte Islands. The writer, in 
concert with others working in these rocks, has reduced the unit to a formation. 

Kunga Formation 

The Kunga Formation is a sedimentary unit composed primarily of limestone 
and argillite. It rests conformably on the Karmutsen Formation and may be over- 
lain conformably by the Maude Formation or disconformably by the Yakoun For- 
mation. The contact with the Karmutsen Formation is abrupt and that with the 
Made Formation transitional over a small thickness. The sedimentation repre- 
sented by the formation indicates a prolonged cessation of volcanism which was 
otherwise so dominant in Triassic and Jurassic periods. The unit was first named 
by Sutherland Brown and Jeffery (1960. p. 2) but was recognized by Dawson 
(1880) as an entity. The type section is on the northern shore of Kunga Island. 
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The Kunga Formation ranges in age from Karnian (early Upper Triassic) to Sine- 
murian (mid Lower Jurassic). The formation is the correlative of the Quatsino 
Limestone and the Lower Bonanza Formation, as defined by Hoadley (1953, pp. 
21-29). 

The Kunga Formation is repeatedly exposed over the whole length of the 
Queen Charlotte Islands as is shown on Figure 8, although rarely in large areas. 
Maximum measured thicknesses are about 3,000 feet. The best exposures are on 
the shore such as at Kunga Island, Section Cove, and the west side of Shields Bay, 
but fairly good ones occur on the creeks north of Yakoun Lake. 

Lithology.-The Kunga Formation is divisible into three members of contrast- 
ing lithologies: a massive grey limestone member that overlies the Karmutsen For- 
mation; a middle thinly bedded black limestone member; and an uppermost thinly 
bedded black argillite member. 

The grey limestone member is uniform and consists almost entirely of mid 
grey-weathering crystalline limestone, some thickly bedded (1 to 10 feet), but most 
quite massive (see Plate Vie). The normal fresh limestone is quite dark grey, but 
commonly, especially near intrusive bodies and ore deposits, is bleached and recrys- 
tallized more or less coarsely. Few textures are preserved in the uncrystallized lime- 
stone except rare beds of henthonic fossils, coral-like organisms, and gastropods. 
Black chat nodules 1 to 2 inches long are present in some localities. The contact 
with the Karmutsen flows is normally abrupt and conformable. Dolomitization is 
local and rare. Analyses on page I75 are probably typical. 

Within the massive limestone in some localities, amygdaloidal greenstones are 
intercalated (for example, Copper Islands). Some of these can be proven to be 
sills, but others may be flows which represent the last of Karmutsen-type volcanism. 
Also one or more limestone beds may occur in the Karmutsen Formation within a 
few hundred feet of the contact. Some of the variation in thickness of the grey 
limestone member may be local interfingering of flows and limestone. 

The lithology of the black limestone member is more varied than the grey 
limestone member, but it is dominated by thinly bedded Raggy black carbonaceous 
limestone (see Plate XIIA) Other rock types in rough order of importance include 
cross-bedded grey calcarenite and fine limestone conglomerate, fissile laminated 
black limestone, thinly bedded flaggy black argillite, and rare dark-grey lithic 
sandstone. 

The black limestone has very persistent beds varying from 1 to 4 inches thick, 
along which it splits readily. The beds may have internal inconspicuous lamina- 
tions. Where lamination and consequent fissility increase, this type grades into 
the fissile laminated black limestone in which the laminations are clearly due to 
abundant Halobia or Monotis. Interbed joints normal to stratification give the 
black limestone a finely blocky to hackly outcrop along shoreline or creeks. Inter- 
calated with the black limestone are elastic grey limestones which commonly are 
formed of cross-bedded calcite sands hut may include granule beds and pebbly 
granule beds. These generally occur in thicker lensoid beds (1 inch to 10 feet), 
which are less persistent laterally than the thin-bedded rocks. Commonly the cal- 
carenites may be 3 inches to 3 feet thick and the granule beds even thicker. The 
elastic limestones are thickest and relatively most common where the member is 
thickest. Very commonly the original elastic nature cannot be discerned because 
of recrystallization. The argillite and lithic sandstone that occur in the member in 
small amount are identical to that of the overlying member. 
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Fig. 8. Kunga Formation: Distribution and fossil localities. 
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The contact of the grey and the black limestone members is sharp and very 
evident, whereas that with the argillite member is equally sharp but not as evident. 
The top of the black limestone member coincides with the top of the Monais beds, 
which are universally present in good exposures. 

The black argillite member is superficially similar to the black limestone mem- 
ber, but the dominant type is thinly bedded flaggy black argillite, and minor types 
are black limestone, grey elastic limestone, grey cellular-weathering bioclastic lime- 
stone, dark-grey lithic sandstone, grey-green thin-bedded calcareous shale. The 
black argillite is a dense, hard, well-bedded flaggy rock that superficially resembles 
“ ribbon chert ” (see Plate VIA). Beds are 1 to 4 inches thick and invariably con- 
tain good fine internal laminations that, like the beds, are very persistent laterally. 
The rock splits readily along the beds but not necessarily along the lam&. The 
Iam& are quite variable in pattern and nature, but the commonest are caused by 
intercalation of fine light- to dark-grey laminz of graded sand or silt in the black 
finer-grained rock. Also common are distinct variations in fissility and organic 
content. Some intercalated beds are a chloritic green colour and slightly calcareoos 
and shaly compared to the normal black argillite. Intra-bed joints normal to bed- 
ding cause a finely blocky outcrop to all but flat-lying beds. Mild thermal meta- 
morphism bleaches the argillite and produces a rusty-weathering, thin-bedded, light- 
green, white, and light-purple rock. 

Grey elastic cross-bedded limestone and thin-bedded black limestone are fairly 
common and entirely similar to those of the black limestone member. Dark 
greenish-grey to black massive lithic sandstone is commoner than in the lower mem- 
ber but never really abundant. It may be calcareous and is virtually free of coarse 
quartz grains but contains abundant plagioclase and plagioclase-rich volcanic rock 
fragments. A persistent minor type is a cellular-weathering grey and black, fairly 
thickly bedded, dense bioclastic limestone. This is common near the base of the 
member. 

The contact of this member with the overlying Maude Formation where present 
is transitional over a small thickness. Commonly the unit is overlain disconform- 
ably or with possible slight unconformity by the Yakoun Formation. 

Microscopy.-The basal massive grey limestone member of the Kunga Forma- 
tion is generally preserved in a recrystallized state composed almost entirely of 
medium crystalline calcite with very minor dust. Some specimens are less altered 
and are composed of finely crystalline calcite of average diameter 0.01 millimetre 
(micrite) containing a small percentage of spheroids of 0.05 to 0.2 millimetre 
diameter composed of more coarsely crystalline calcite. Some specimens show very 
slight banding formed by minor variation of crystallinity. Rare specimens are 
seemingly originally bioclastic. Non-calcareous silt or sand is very rare in all speci- 
mens examined. 

Microscopically the flaggy black limestone and flaggy black argillite members 
are composed primarily of similar rock types in differing proportions. The most 
conspicuous feature of almost all specimens is the marked bedding, lamination, and 
intercalation of contrasting types. The thickness of laminz ranges from less than 
a millimetre to several centimetres or rarely more. Specific names for the various 
rocks are dimcult to assign because of the lamellar intercalation, the general fine- 
ness of grain, the semi-opaqueness, and the admixture of elastic and chemical 
carbonate with plagioclase and rock fragments. Most specimens combine silty fine 
carbonaceous and calcareous laminat with less carbonaceous and calcareous silts 
or sands, many of which show graded bedding. Characteristically quartz sand OT 
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silt is virtually absent and fine pyrite everywhere present. In all but the graded 
beds, microscopic spherules of calcite or chert, etc., sre present. 

The normal flaggy black limestones are generally composed of two component 
types of laminae. The dominant one (1) is a silt-sized elastic limestone composed 
of minor plagioclase and volcanic rock clasts with a greater quantity of calcite, silt, 
and minor spherules in a dark semi-opaque carbonaceous and calcareous matrix. 
The other component (2) is a coarse silt to fine sand containing subequal quantities 
of plagioclase, volcanic rock, and calcite clasts in a sparser calcareous and semi- 
opaque matrix, with pyrite but without spherules. 

Table III shows the range of mineral composition of the specimens examined 
and the averages for the two types. The sharp physical boundaries between the 
two types may obscure recognition of transitional types. The sandy type grades 
into coarser rocks in thick beds of granules and pebbly elastic limestone of largely 
bioclastic nature but which contains a large lithic component. In the fine compon- 
ent, thin pelecypod shell fragments commonly with a parallel opaque organic lamella 
are common and with increasing content grade to highly fissile Monotis or Halobiu 
beds. Minor amounts of lithic sandstone and cross-bedded bioclastic limestone 
such as will be described also occur within the member. 

The Baggy black argillite member contains similar types but also contains others, 
notably graded lithic sand and silt beds, cellular-weathering and cross-bedded bio- 
elastic limestones, and medium-grained massive lithic sandstones. Table III shows, 
for the types described, ranges and averages. The averages are not thought to be 
truly meaningful in as much as the sampling was inadequate. Most of the flaggy 
rocks combine in any discrete bed several lamina: of two or three fairly distinct types. 
It is this that gives these rocks their unique character. These types may be called 
( 1) graded lithic sands and silts, (2) laminated, carbonaceous, calcareous shale, and 
(3) carbonaceous argillite with calcite, volcanic rock, and plagioclase clasts. Plate 
XVIA is a negative projection of a thin-section that shows these three types of lamins% 
The graded beds (1) are composed of well-sorted sub-angular fine sand or silt 
(coarsest fragments 0.35 millimetre in coarse beds to 0.05 millimetre in the fine 

beds) that is dominantly composed of volcanic rock fragments (basalt and trachytic 
textured fine feldspathic rocks) with much plagioclase and very rare quartz. Calcite 
clasts, fossil fragments, and spherules are absent, carbonaceous matter scant, but 
pyrite grains common. These laminz are readily altered on metamorphism with 
a general recrystallization into a zeolitic mass being fairly common. Some bands 
have also been highly pyritized. 

The laminated carbonaceous calcareous shale (2) is composed of minor silt 
of similar composition to the graded beds in very fine semi-opaque calcareous matrix 
with abundant shreds of opaque organic matter and minor fine pyrite. Spherules are 
normally present and may form as much as one-quarter of the rock. The carbon- 
aceous argillite (3) is composed of silt of fine volcanic rocks, plagioclase, and 
calcite in varying proportions with organic opaque shreds and pyrite in a sparse 
very fine matrix. Spherules are normally present, and recognizable ammonite 
protoconches are rarely present. Transitional types between (2) and (3) occur, 
but in section the lamina are sharply bounded. The graded beds show very minor 
erosional features along their basal contacts. 

The spherules are normally nearly circular in section, but in some slides they 
are elliptical and probably deformed. They range in diameter from 0.05 to 0.2 
millimetre, and none show in section any distinct structure, although crude organ- 
ization may be apparent. They may be formed of calcite or a very tine mosaic of 
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either chat or zeolites, or on recrystallization a coarser mosaic of quartz or zeolites 
separated by planes of geothite. Calcareous and cherty or zeolitic spherules may 
be found in fhe same section. These rocks contain a high biogenic component of 
pelagic macrofossils, and in all probability these spherules represent original plank- 
tonic microfossils of undetermined kind. 

The minor types in the flaggy argillite member generally occur in thicker beds 
than the main types already described. Typical mineral compositions are shown 
in Table III for these minor types, and it can be seen they are closely similar to 
the main types. They include lithic sandstone, cellular-weathering bioclastic lime- 
stone, and cross-bedded bioclastic limestone. 

The cellular-weathering bioclastic limestone (4) is composed of sand-sized 
clasts of calcite, volcanic rock fragments, and plagioclase. The calcite fragments 
are highly variable in shape and texture and many are recognizable fossil fragments. 
The subangular fine-grained basic volcanic rock fragments and plagioclase form 
as little as 10 to as much as 60 per cent of the-rock, and the quantity varies grada- 
tionally in a fairly random way. The cellular-weathering texture seems related to 
this variation. Cherty sponge spicules are always present and may form up to 5 per 
cent of the rock. Other quartz minerals are virtually absent. The spicules show a 
marked preferred orientation that is the only indication of bedding. 

The cross-bedded bioclastic limestone (5) is composed mostly of sand-sized 
calcite fragments with but minor basalt fragments or plagioclase, carbonaceous 
opaque matter, and pyrite. Sorting is fairly good, but shape varies from rounded 
to angular. Recognizable fossil fragments are fairly few, but the great variety of 
texture and shape of the calcite clasts indicates a biogenic origin. In most localities 
these rocks have been recrystallized, and neither their cross-bedding nor their 
characteristic texture is evident. 

The lithic sandstone (6) has a composition similar to the graded beds but 
is generally a coarser, fairly well-sorted sandstone, but is not graded. Clasts are 
rounded to angular. Quartz is present but ~evcr forms more than 5 per cent of 
the rock. Carbonate is minor and mostly interstitial. Some disrupted and folded 
argillite fragments are occasionally observed in hand specimens. 

Figure 16 is a triangular diagram on which quartz, total feldspar, and rock 
fragments are plotted for arenaceous rocks of all sedimentary units. Notable con- 
trasts and sequential development are evident. 

Thermal metamorphism converts black Kunga rocks into light-green, mauve, 
or white rocks by eliminating or concentrating much of the dispersed carbon. 
Graded beds are recrystallized to clinozoisite, and the fine-grained rocks to a mix- 
ture of fine plagioclase, diopside, sphene, and minor quartz. Dynamic meta- 
morphism along shear zones readily converts the flaggy members into carbamceous 
schists. 

Sfratigraphy.-The stratigraphy of the Kunga Formation is relatively constant 
where it is well exposed in simple structural situations. The three members are 
universally present and of the same order of thickness. The lowest unit, massive 
grey limestone, seems to vary most from just less than 100 to 600 feet or possibly 
more. Very commonly the Kunga Formation is in highly complicated structural 
situations because of its physical nature (thin bedded and carbonaceous). Faults 
of all sizes tend to follow it, in fact major steep (wrench?) faults repeatedly have 
lenses of sheared Kunga Formation strung out along their traces. Also the forma- 
tion readily folds and quite commonly forms non-stratiform fold piles between 
massive blocks of volcanic rocks. 
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Two reconnaissance-measured sections are given on pages 57 and 58. The 
type section on the north shore of Kunga Island is the most complete, but it is cut 
by some strike faults of unknown movement and possibly includes unrecognized 
duplications. Unfortunately this section is not overlain by the Made Formation 
but by 200 feet of andesite sills and possibly flows that are probably part of the 
Yakoun Formation. The other section is on the north shore of Burnaby Island 
immediately east of Section Cove toward Alder Island. The rocks on the shore 
of Section Cove where Dawson measured a section (1880, pp. 55-56) currently 
are not well exposed. The measured section is well exposed but not complete as 
only a few hundred feet of the black argillite member is exposed. Furthermore, 
the massive grey limestone member is inordinately thin (85 feet), partly as a result 
of structural complications. This member has a more normal thickness on Section 
Cove, where it is 350 feet thick. 

Or&@--The Kunga Formation was deposited during a period of quiescence 
within an otherwise highly volcanic time. Its character and fauna show that the 
formation is marine and was most likely deposited in a basin more or less remote 
from shore. 

The massive limestone member because of its recrystallization contains few 
clues as to origin other than the remnants of a benthonic fauna in some localities 
and a low content of non-carbonate detritus. Kania (1929) has shown submarine 
fumaroles and lava flows are capable of precipitating large quantities of calcium 
carbonate from sea water and also concentrating the resulting limestone in depres- 
sions. Continued fumarole activity after the cessation of Karmutsen volcanism 
could well have produced the massive limestone member and could explain its large 
variation in thickness. However, elastic and bioclastic limestones are important in 
the superimposed members and a benthonic fauna existed in the basal member, so 
the origin is unlikely to be entirely chemical. 

The upper two members have features in common which contrast with those 
of the lower member; for example, thin persistent beds, high carbonaceous content, 
admixture of lithic silt and sand, and cross-laminated non-carbonaceous elastic 
limestones. Furthermore, the fauna of the upper member is almost entirely pelagic: 
in the black limestone member the thin-shelled pelecypods Halobia and Monotis 
occur to the near exclusion of all other forms and in some beds to the near exclusion 
of all other rock matter; in the black argillite member, arietitid ammonites occur 
in fair abundance. The black, organic, and pyritic nature of these units together 
with the lack of benthonic fauna almost certainly indicate deposition in a barred 
basin or euxinic environment. 

A strong contrast exists between the component interlaminated types of these 
members. The very fine-grained rocks are highly carbonaceous and contain 
abundant spherules, whereas the graded beds are very slightly carbonaceous and 
contain no spherules. The spherules were probably also a pelagic microfauna of 
phytoplankton, Radiolaria, or Foraminifera. Two entirely different modes of de- 
position are indicated: the one a slow rain of very fine detritus and coarser organic 
matter from the surface; the other pulses of lithic sands from a more distant basic 
volcanic source, probably distributed by turbidity currents. The cross-bedded bio- 
c&tic calcarenites indicate another mode that is difficult to rationalize with the 
type of environment indicated by the other two. Evidently a source of shell detritus 
was present on the perimeter of the basin, which must have been swept by vagrant 
currents that carried shell detritus in small dunes over the bottom. 
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In summary the Kunga Formation is R Aysch deposit that was laid down in a 
marine basin which at first was free of terrigenous matter and possibly of relatively 
shallow depth. With advancing time the basin became barred, the environment of 
the bottom became toxic, and the depth may have increased. Into this at first 
minor terrigenous detritus from a basic volcanic source was flushed. Eventually 
the detritus was brought in by turbidity currents and the pace of basin filling became 
more rapid. The ubiquitous Monotis beds mark the transition from dominantly 
very fine calcareous deposits to dominantly fine detrital deposits. 

Age and Correlation.-The Kunga Formation ranges in age from Karnian 
(early Upper Triassic) to Sinemurian (mid Lower Jurassic). The formation 
abounds in fossils but preservation is generally poor, so that the age is not known 
as well as it might be. Characteristic fossils are the pelecypods Halobia and 
Monofis subcircularis and arietitid ammo&es. Collections were sent to the Geo- 
logical Survey of Canada and identified by Drs. F&old and Tozer. 

Table IV (in pocket) summarizes their identifications, except for a few critical 
localities listed below. All localities are shown on Figure 8, but the geological maps, 
Figure 5, also show localities at which fossils were collected and indeterminate, or 
observed but not collected. 

The relation of the collections to the stratigraphy is apparent in the table. 
Very little was collected in the massive grey limestone member except unidentifi- 
able corals. The only useful collection (Locality No. 1, 59AB28) is from Kaisun, 
and included Aulacoceras sp., Arcestes? sp., and Halobia sp. taken in the upper- 
most part of the member. Twenty feet above the base of the flaggy black lime- 
stone member at Bluejay Cove on Bumaby Island (Locality No. 95, 65AB2 and 
65AB5) the following were collected:- 

Field No. 65AB2, G.S.C. Locality 69188- 
Discotropites? sp. (venter not preserved) 
Arcestes sp. 

Field No. 65AB5, G.S.C. Locality 6919& 
Juvavites sp. 
Arcestes sp. 
Homerites cf. semiglobosus Hauer. 
Halobia cf. superba Mojsisovics. 

Holobiu sp. can be collected over the whole thickness of the flaggy black lime- 
stone member below Monotis subcircularis Gabb, which occurs only at the top of 
the member. As a result of recent re-examination, Tozer now identifies two Halobia 
species: Halobia alaskana Smith of the early Lower Norian (Locality NO. 28, 
58AB104, and Locality No. 43, 6lAB38), and Halobia cf. rugosa Guembel (LO- 
cality No. 24, 58ABl7) of the late Lower Karnian. The latter age is the oldest 
known from the flaggy black limestone member. Additional interesting specimens 
collected within the member at complex structural locations in which precise strati- 
graphic relations are unknown include one Discophyllites cf. ebneri Mojsisovics from 
Huston Inlet (Locality No. 6, 59ABl95) and Monoti.~ salinaria Bronn from Locke- 
port (Locality No. 19,61AB336) and probably from Inskip Channel (Locality No. 
58, 59AB49). In the flaggy black argillite member compressed ammonites of the 
family Arietitid;e are common. The genera identified is mostly Amiotites, and all 
are Sinemurian or possibly Sinemurian. No fossils representative of the Rhatian or 
Hettangian stages have been identified, although sedimentation appears to be con- 
tinucus between the Norian and Sinemurian. 
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Tozer remarks in regard to the 1958 and 1959 collections: “Virtually all 
the specimens of Halobia are poorly preserved. Some could represent specimens 
of Daonella and be as old as Middle Triassic, but I think this unlikely. The collec- 
tions with Halobia almost certainly come from a level lower than the Monotis beds, 
and they are probably Karnian or Norian. Collection 59AB28 (Locality No. 1) 
is certainly Karnian, and 59AB195 (Locality No. 6) is probably also Kamian.” 
In regard to the 1965 collection (Locality No. 95), Tozer says that ” the age. is 
mid Upper Karnian, and the beds are to be correlated with the Tropifes welleri 
Zone.” Tozer elsewhere says Monotis subcircularis and Monotis salinaria are Late 
Norian, and Frebold that Arniotites (Melanhippi~es) harbledownemis, Arniotites 
sp., and (or) Arietites sense lato are Sinemurian. 

The Kunga Formation is correlative with the whole of the Quatsino Forma- 
tion and with the lower part of the Bonanza Formation of northern Vancouver 
Island. Hoadley (1953, pp. 20, 21, and 22) leaves some doubt about what he 
considers the top of the Quatsino Formation. Surdam, Susuki, and Carlisle (1963) 
tentatively place the boundary at a lithologic change from Raggy carbonaceous 
limestones to slabby argillites that occur above the Monotis subcircukzris beds. 
Hence the two limestone members of the Kunga Formation are the correlative of 
the Quatsino Formation and the argillite member probably the partial correlative 
of the lower Bonanza Formation on the Iron River. Vancouver Island. The Kunga 
Formation is also the correlative of the combined Parsons Bay and Harbledown 
Formations of islands at the north end of Vancouver Island (Crickmay, 1928). 

In summary, the massive limestone is Karnian, older than the Tropites welleri 
zone; the flaggy black limestone extends from this zone to the lower Suessi Zone 
of the Upper Norian, and the flaggy black argillite member extends presumably from 
the Suessi Zone through to nearly the end of the Sinemurian, although no definite 
Rhretian nor Hettangian are recognized. 

Maude Formation 

The Maude Formation is a thin sedimentary unit composed of argillite, shale, 
calcareous shale, and lithic sandstone. Where present it rests conformably on the 
top of the Kunga Formation and is overlain by the Yakoun Formation with con- 
formity in some localities at least. The contact with the Kunga Formation is gra- 
dational over a few tens of feet and with the Yakoun Formation is abrupt. It is 
similar enough to the Kunga Formation so that the two, can only be distinguished 
with certainty where well exposed or fossils can be collected. Nevertheless it is 
certain that it is not present everywhere between Yakoun and Kunga Formations 
even where these are seemingly conformable. Figure 9 shows its distribution. 
The Made Formation is a relatively thin unit considering the length of time repre- 
sented during its deposition. Its maximum thickness is of the order of 600 to 700 
feet, and it is Pliensbachian and Toarcian in age. Hence the Made Formation is 
a thin and impersistent unit which locally marks the close of the time of volcanic 
quiet. 

The Maude Formation was first named by MacKenzie (1916, pp. 39-47). 
who said it was typically exposed on the south shore of Made Island and South 
Bay. The exposures on Maude Island are mostly Maude Formation as herein 
used but includes some of the upper part of the Kunga Formation (black argillite 



Fig. 9. Maude Formation: Distribution and fossil localities. 
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member) MacKenzie included in his Maude Formation at other localities all the 
Kunga Formation, the Longarm Formation, and some of the Queen Charlotte 
Group, notably the Honna conglomerates at Pillar Bay. Clearly the Made Forma- 
tion as used by MacKenzie is nearly meaningless. McLearn (1949, pp. 6-9) care- 
fully studied the type locality and its fauna1 succession. However, he included at 
the top in his Maude Formation 600 to 800 feet of calcareous cemented lapilli tuff 
that the writer has found characteristic in many localities of the base of the Yakoun 
Formation. Hence the Made Formation as used by the writer is very much re- 
stricted. 

Lithology,The Made Formation is composed of shale, argillite, siltstone, 
and lithic sandstone, most of which are calcareous, and very minor limestone. 
Colour of the fine rocks varies from dark to light grey and of the sandstones from 
grey to grey-green. Bedding is slabby to blocky where pronounced, but in the 
shales is not very noticeable except where there are intercalations of other rock 
types. The proportions of the various rocks vary from locality to locality. All 
these features contrast with the Kunga Formation. 

The type locality is composed of interbedded dark-grey lustreless, calcareous 
shale, light-grey shale, blocky dense dark-grey argillite with some intercalated 
blocky grey calcareous sandstone and light-grey to buff carbonate beds (see Plate 
WC). On the Yakoun River the arenaceous beds are more prominent. Grey- 
green sandstone occurs in thick sets of beds and intercalated with grey shale and 
calcareous siltstone. In a number of localities small septarian nodules are present 
in the shales. Belemnites are very common in certain beds. 

Individual rock types of the Maude Formation resemble rocks of other units; 
for example, the shales and some sandstones are similar to Haida rocks and the 
blocky argillites resemble Longarm argillites. In aggregate, however, the Maude 
Formation is unique. 

Microscopy.-Microscopically and macroscopically the Made rocks resemble 
the Kunga rocks but with characteristic differences. Table V gives a summary of 
six representative specimens and Figure 16 shows quartz, total feldspar, and rock 
fragments plotted for arenaceous rocks from all sedimentary units. 

In the fine-grained rocks the matrix is normally composed of very fine sericite 
or chlorite and only rarely of calcite. In some specimens not noticeably meta- 
morphosed the matrix has been partially recrystallized with poikilitic amaeboid 
chlorite crystals of large size. The Ethic sandstones also have a significant chloritic 
matrix commonly well crystallized. Calcite fragments, many recognizably organic, 
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are common in many types except the dense argillites and lithic sandstones. Vol- 
canic rock fragments and plagioclase are abundant in all specimens, with plagioclase 
exceeding the rock fragments in the finer rocks. The volcanic rocks of cl&s in- 
clude fine basalt-like rocks, but porphyritic andesite similar to the Yakoun rocks 
predominate in the lithic sandstones, a precursor of things to come. Plagioclase 
is predominantly and&x. Quartz is very rare but present in trace amounts. The 
5 per cent shown in the belemnitic sandstone is really mostly chert of microfossils. 
AU the fine rocks contain spherules, mostly spherical, of 0.05 to 0.2 millimetre in 
diameter. Most are calcite filled, but some contain a mosaic of very fine chat or 
zeolite. Rarely, as in the belemnitic wacke or silty bioclastic limestone, they 
contain a rude internal structure. Most of the rocks contain a moderate amount 
of opaque minerals, both fine organic matter and pyrite, but never equal to the 
quantities shown for the most organic or pyritic specimen from the Kunga. 

Strafigraphy. -The stratigraphy of the Made Formation is more variable, 
both locally and areally, than that of the Kunga Formation. The type section on 
southeastern Maude Island is only partly well exposed, and the one across the inlet 
on Moresby Island is less well exposed. The section on the Yakoun River south of 
Ghost Creek is the best and thickest exposure. 



&i&-The Maude Formation is entirely marine and contains benthonic ais 
well as pelagic faunas. The nature of the formation indicates a gradational but 
marked change from the conditions of the Kunga Formation, but thickness and 
lithology vary widely. The rocks are no longer highly carbonaceous nor are they 
thinly bedded. Graded beds are absent, but arenaceous rocks of abundant volcanic 
detritus are common. Belemnites abound in some volcanic sandstones, and in sev- 
eral localities (for example, lower King Creek) have preferred orientations, indi- 
cating currents moving from the east. In summary the basin of deposition may 
have been becoming fragmented and shoal whilst volcanism similar to Yakoun began 
on the fringes of the area. 

Age and Correlation.-The Made Formation is of late Lower Jurassic age and 
is now known to include parts of the Late Sinemurian, Pliensbachian, and Toarcian 
stages in the type section. McLearn (1949, pp. 6-9) concluded from less complete 
collections that the Maude Formation was Tow&n. Frebold studied the writer’s 
collections and in a recent paper (1967, pp. 1145-l 149) has revised the age assigned 
to the Fanninoceras fauna to the Pliensbachian from the Toarcian on pal;eontological 
and stiatigraphic grounds. In addition, he identified a group of ammonites that were 
collected from a l-foot bed 30 feet stratigraphically below the Fanninmeras fauna 
that appears to include two faunas. Frebold (1967, p. 1147) states: “ From this 
bed, in which two faunas of different age seem to be concentrated, the author has 
determined: Eoderoceras cf. E. armafum (Sowerby), Acanthopleuroceras? sp. no”., 
Plafypleuroceras spp., and Tropidoceras spp. Eoderoceras is probably of late Sine- 
murian (Lotharingian) age; the other ammonites are of early Pliensbachian 
(Carixian) age.” The Harpoceras fauna which occurs within 50 feet of the top of 
the formation is Toarcian (see Type Section, p. 64). 



-- 

Collections from across the inlet from Whiteaves Bay on Moresby Island are 
not very complete and add little to the information. Collections from the section 
on the Yakoun River have not been fully identified, but 62AB57 in the middle of 
the section contains Harpocerus ex gr. Harpoceras falc$er (Sowerby). All other 
collections from the Queen Charlotte Islands are either indeterminate or non-diag- 
nostic. In particular, collections from locality 2 (G.S.C. 36986 and 40988) on Atli 
Inlet are determined as possibly Cretaceous or mid-Jurassic, but the writer believes 
the rocks to be Maude Formation. 

The Made Formation, therefore, is the correlative of the lower part of the 
Hall Formation and probably of the upper part of the Elise Formation of the Salmo 
area, of south central British Columbia. It is also the correlative of the lowest part 
of the Fernie Group of the southern Rockies, and probably of the lower part of the 
Taylor Group of the southeastern flank of the Coast Range. However, the best 
correlation is with sandstones in the upper part of the Bonanza Group (?) in the 
Kyuquot-Esperanza area of Vancouver Island, which also contains Harpoceras and 
Fanninoceras (Jeletzky, 1954, p. 13). 

Yakoun Formation 

The Yakoun Formation is primarily a volcanic unit dominated by pyroclastic 
rocks, many of which are formed largely of porphyritic and&e. In addition, the 
formation includes much volcanic sandstone, some conglomerate, shale, siltstone, 
and minor coal. Many of the sedimentary rocks are marine but some are non- 
marine, and it is likely that the vents from which the volcanic rocks were erupted 
built cones out of the marine basin. This is the youngest formation of the Vancouver 
Group, and its age is Middle Jurassic (Bajocian and Bathonian) and earliest Upper 
Jurassic (Callovian). 

The distribution of the Yakoun Formation is shown on Figure 10. Most 
exposures are in the central part of the islands. 

The history of nomenclature for rocks now called Yakoun Formation is com- 
plicated, and a statement of all the various revisions and alternative mappings would 
be lengthy. McLearn (1949, pp. 2-5) gave a good detailed review of the situation 
up to the present mapping, which has made minor revisions. In essence, the vol. 
canic rocks of the formation were recognized by Dawson (1880, pp. 63-64 and 
69-70) as subdivision D, agglomerates, and included in his Cretaceous Series, 
because of errors in correlation. In this he was misled by the near identity in 
appearance of Haida and Yakoun sandstones and by their previously having been 
mapped together by Richardson (1873). Billings (1873) had reported these 
(combined) sandstones were of Jurassic and Cretaceous age, but Whiteaves insisted 
( 1876, 1883, 1884, and 1900) there was only one fauna and that it was early 
Lower Cretaceous because of Jurassic affinities of some of the fossils. These errors 
were corrected successively by Ells (1906) and more particularly by Clapp ( 1914) 
and MacKenzie ( 1916). Cretaceous and Jurassic sandstones were mapped sepa- 
rately, and the latter included with the volcanic rocks, to which they arc related. 
MacKenzie named this Jurassic formation, and said it was well exposed on Skidegate 
Inlet and Yakoun Lake, getting its name from the latter. He recorded three locali- 
ties at which the Cretaceous Haida Formation unconformably overlay the Jurassic 
Yakoun Formation. McLean studied in detail the Skidegate Inlet localities of 
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Fig. IO. Yakoun Formation: Distribution and fossil localities 
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Maude Island and Alliford Bay. These localities are actually much better for study 
than the Yakoun Lake localities, and the writer considers the one on southeastern 
Made Island the type locality. Changes resulting from the present mapping in 
eastern Skidegate Inlet are minor; however, in western Skidegate Inlet the situation 
is complicated: Mass& volcanic rocks (Tertiary) were mistaken for Yakoun and 
Lower Cretaceous Longarm Formation for Made Formation (Lower Jurassic). 

The Yakoun Formation conformably overlies the Maude Formation and may 
be disconfonnable or somewhat unconformable on the Kunga Formation and in- 
cludes small intrusive bodies into these units. The contact relations with the Long- 
arm Formation are not well known and may not everywhere be the same. Simple 
unfaulted well-exposed relations are almost unknown. East of Rennell Sound it is 
difficult to find a break between the two, but elsewhere such as at Lye11 Island the 
relations are indicative of unconformity. Relations between Haida and Yakoun 
Formations are definitely angularly unconformable. 

LitholoEy.-The Yakoun Formation is dominated by pyroclastic rocks and 
characterized by porphyritic andesite agglomerate and tuffs. In addition, it contains 
much sedimentary rock, most of which is directly derived from the volcanic rocks. 
Volcanic flows are apparently quite rare; dykes and sills are relatively common in 
older rocks but difficult to discern within the formation. The type section on south- 
eastern Maude Island described on page 73 may be considered typical but is in no 
way a standard as the unit is highly variable. 

The most abundant and the characteristic rock type of the Yakoun Formation 
is agglomerate formed of porphyritic and&e fragments. Commonly this agglom- 
erate is found in massive outcrops in which the fragmental character is only noticed 
on close observation. At other localities, however, the fragments weather in relief 
and its fragmental character is obvious (see Plates VIIA and VIIe). Colour varies 
widely but weathered outcrops are generally slightly mottled light to middle brown. 
Fresh rocks are most commonly dark grey to purplish grey or greenish grey with 
prominent cream plagioclase phenocrysts. Fragments range from angular to sub- 
rounded and in size from 2 to 3 feet in diameter to lapilli, with blocks greater than 
8 inches relatively rare. They are only crudely sorted, but the maximum size of 
fragments in any locale is fairly consistent. The agglomerate is very dense with a 
compact matrix of comminuted matter identical to the larger fragments. Rarely the 
matrix may be partly or wholly calcareous, and at most of the localities where the 
fragments weather in relief, the matrix is lighter coloured and calcareous. The size 
and percentage of phenocrysts in adjacent fragments vary widely and colour may 
vary, but normally quite subtly. Obviously vesicular fragments and accidental frag- 
ments are rare. Non-porphyritic fragments are moderately common in some areas. 
Phenocrysts are predominantly feldspar, but pyroxene and amphibole are common. 
With reduced grade size, agglomerates pass into similar lapilli tuff and to crystal 
lithic tuffs in which feldspar crystals are very prominent. The agglomerates may 
grade imperceptibly into volcanic conglomerates, and lapilli tuffs into volcanic 
sandstones. 

Associated with the porphyritic andesite pyroclastics in some localities are 
water-lain tuffs that are well bedded and moderately well sorted. They commonly 
contain much carbonate and weather light buff. Large fragments are angular and 
may or may not be porphyritic. Crystal debris is normally prominent in the matrix. 
Within these tuff members there are commonly channels or sets of beds of rock 
similar in appearance but showing better-sorted cross-laminz and other sedimentary 
features showing they are volcanic sandstone resulting from reworking of the tuffs. 
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Another pyroclastic rock that forms a characteristic part of the formation is a 
lapilli tuff or tuff of finely scoriaceous fragments with a calcareous matrix. This 
rock normally forms the basal member of the formation and as such is widely dis- 
tributed from George Bay to Rennell Sound. Similar tuffs or admixtures of similar 
material in the porphyritic andesite tuffs occur in small amount sporadically through- 
out the formation. This rack weathers a finely mottled buff and brown, but when 
fresh the fragments are uniform olive-grey with white matrix. The largest fragments 
are rarely greater than 5 centimetres and more commonly are less than 2 centimetres. 
Sorting is fairly good, and bedding may be quite marked by variation in the amount 
of carbonate matrix. Particles are angular to subangular; larger ones are normally 
finely vesicular to scoriaceous, and all or almost all are aphanitic. 

Other volcanic rocks including definite flow rocks occur sparingly within the 
formation. 

Sedimentary rocks form a considerable part of the unit, the percentage varying 
from locale to locale. Naturally many rocks are difficult to classify definitely as 
tuffs or volcanic sandstones. Nevertheless it is quite clear that large quantities of 
volcanic sandstone are part of the formation. In addition, tIue conglomerates and 
shales ‘are found, and wme coal beds. The sandstones normally are dense, poorly 
bedded, rather featureless rocks that weather dark brown but are dark greenish grey 
when fresh. They are mostly medium to coarse grained with abundant feldspar 
grains. Sedimentary features are rare and fossils fairly uncommon, apart from 
scattered belemnites and carbonized wood. Exceptionally such rocks contain abun- 
dant ammonites or pelecypods. 

Conglomerates are most common as marginal deposits to agglomerates, and in 
such cases are nearly identical to the agglomerates, except for much greater rounding 
and slightly better sorting. Some pebble beds, or exceptionally thick beds with some 
cobbles, occur within sandstone sequences. These conglomerates are composed 
entirely of volcanic fragments, and granitic debris such as is conspicuous in Honna 
conglomerates is absent. 

Dark-grey shales and siltstones form a small part of the formation but are 
particularly important because they contain most of the good fossils. Shales seldom 
occur in sets thicker than 10 to 20 feet and are generally well bedded as a result of 
intercalations of tuff or sandstone laminz OT beds, Some of the shales contain scat- 
tered crystal or lithic debris that is probably of air-fall origin. Carbonized or carbon- 
atized wood is fairly common, leaves and fruits of plants are common at some 
localities, and coal is common in shales and sandstones of the Yakoun River valley. 

Microscopy.-The Yakoun Formation is composed almost wholly of rocks 
of various textures and origins, but formed from one magma type that normally 
crystallizes to a porphyritic andesite. All but one of the four categories used in this 
study are formed from porphyritic and&es; the exception is a chemically similar 
if texturally different type. The categories are (1) porphyritic andesite agglomer- 
ates, (2) porphyritic andesite crystal lithic tuffs, (3) calcite-cemented scoriaceous 
lapilli tuff (the exception), and (4) volcanic sandstones and conglomerates. Modes 
for these types are shown on Table VI, together with the mode of one chemically 
analysed specimen of porphyritic and&e. 

The porphyritic andesite contains about 40 per cent plagioclase phenocrysts 
of A~~,,,, composition with marked oscillatory zoning over a small range. These 
have a stubby shape, some 1 to 4 millimetres long, with common parallel combined 
crystals. Carlsbad twins are very common, and originally glassy inclusions are 
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evident. Partial alteration to chlorite, carbonate, and, rarely, stilbite is normal. 
Mafic minerals include au&e, hornblende, and rare pigeonite, but all are normally 
altered to chlorite and serpentine with an opaque iron-rich periphery on the horn- 
blende. The matrix may be entirely a cryptocrystalline felsic and chloritic mass 
with iron ores or may contain distinguishable plagioclase and granular pyroxene with 
a finely felted or trachytic texture. Some carbonate alteration of the matrix is 
common. Irregular to spherical amygdules containing chlorite are inconspicuous 
but fairly common. 

( 1) The agglomerates are normally composed entirely of porphyritic andesite 
fragments in a more. finely comminuted mauix of the same. Variation in crystallinity, 
opaqueness of the matrix, and vesicularity in adjacent fragments indicate that the 
rocks are not flow breccias. Specimens from certain areas and beds show consider- 
able calcareous replacement of the comminuted matrix. 

(2) The porphyritic and&e tuffs and lapilli tuffs are the finer equivalents of 
the agglomerates. They, too, are derived almost entirely from the porphyritic ande- 
site magma but show slightly more variation in the texture of the fragments than do 
the blocks in the agglomerates. Almost all are lithic tuffs with 20 to 30 per cent 
crystal fragments and about 20 per cent finely comminuted matrix. A few, mostly 
fine tuffs, are crystal tuffs. Table VI shows the range and average of 13 specimens. 
Although the range is wide, most are close to the average. 

The rock fragments vary in size of phenocrysts, crystallinity of the matrix, and 
vesicularity more than the porphyritic and&e of the agglomerate. Very few acci- 
dental fragments are present. The shape of the fragments varies widely, with 
angular, irregular, blocky, subangular, and rounded fragments being common in 
the same specimen. Fragments with mainly chlorite-filled amygdules are common. 
Most of the tuffs examined are lapilli tuffs, with largest fragments in the range of 
2 millimetres to 1 centimetre. Most specimens and particularly the matrixes are 
highly altered-chloritized, sericitized, and carbonatized. Other specimens have 
been subjected to thermal metamorphism. Plagioclase, where fresh enough to 
determine, is commonly oscillatorily zoned in the range An,,.,,. Antiperthite is 
evident in about one-quarter of the specimens examined. 

(3) The calcite-cemented scoriaceous lapilli tuff differs from the normal tuff 
(2) in several respects. Normal porphyritic andesite fragments are virtually absent; 
finer trachytic varieties are present in minor amount, except in one specimen in 
which it formed the bulk. Most fragments are scoriaceous to pumiceous, chloritic, 
very fine-grained rocks with microphenocrysts of plagioclase (An,,, ) and au&e. 
The matrix is chemical, not elastic; it was carbonate and may now be calcite, dolo- 
mite, or zeolite, or some mixture of these. Mesolite is the most common zeolite, but 
heulandite and chabazite were noted. 

The lapilli are irregular in shape, and in only a couple of the most pumiceous 
specimens show any compaction. As with the porphyritic and&e tuffs, alteration 
is intense, chloritization is general, and in many specimens the plagioclase is altered 
to zeolite. 

(4) Volcanic sandstones are composed dominantly of subangular fragments 
of porphyritic and&e with a minor amount of other rock fragments and about 40 
per cent of angular crystal fragments compactly arranged in a scant chloritic matrix 
(see Table VI). Plagioclase grains greatly outnumber quartz grains, on the 
average 4 or 5 to 1. Much of the plagioclase shows oscillatory zoning and ranges 
from An,,.,, Other crystal fragments include pyroxene, hornblende, chlorite 
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pseudomorphs, and magnetite. Calcareous shell fragments are moderately common 
in certain specimens. Most specimens show no indication of bedding in thin-section, 
but the sorting is fair. Most examined specimens are coarse sandstones. Figure 16 
shows quartz, total feldspar, and rock fragments plotted for arenaceous rocks of all 
sedimentary units. 

Chemisfry-One specimen of fresher than normal porphyritic andesite from 
a large block in an agglomerate was chemically analysed. This is shown on Table 
VI along with the mode. It differs from normal andesites in being lower in magnesia 
and lime and higher in soda. The high soda is a regional characteristic; the low 
calcium is related to this. The low magnesia is related to the excess phenocrystic 
plagioclase. 

As an approach to understanding the origin of the Yakoun porphyritic andesite, 
the table also shows an analysis calculated to represent a mix of 65 per cent Karmut- 
sen pillow lava with 35 per cent plagioclase of An,,, composition and also an average 
of two hornblende quartz diorites from the San Christoval Batholith. A Karmutsen- 
type lava may have evolved to produce the porphyritic and&e by addition of floated 
plagioclase. If 35 per cent of An 36 crystals are added to Karmutsen liquid (that is, 
average pillow lava, Table II), the result is not greatly different from the andesite. 
Alternatively the syntectonic batholiths which seem also to have been generated 
from Karmutsen rocks (or magma) may have been a possible source of the por- 
phyritic andesite. The hornblende quartz diorites shown in Table VI represent 
evolvqd, truly intrusive phases of these batholiths. With the exception of the alkalis, 
these two analyses bracket the one analysis of porphyritic and&e. 

On the data at present available, no more than a crude suggestion can be made 
on the origin and evolution of the magma that produced the porphyritic andesite. 
The extensive oscillatory zoning of the andesine and the abnormally large quantity 
of these phenocrysts throughout the bulk of the volcanic deposits of the Yakoun 
Formation indicate a prolonged and selective evolution. Some crystal accumulation, 
possibly by gravitative floating to cupolas in the magma chamber, is likely. The 
addition of 35 per cent andesine to the pillow basalt liquid would not be greatly 
different from the porphyritic and&e. The hornblende quartz diorites represent 
relatively highly evolved phases of the syntectonic plutonic rocks thought to have 
had a similar origin (see p. 144). Excess alkalis would be expected at a cupola 
beneath volcanic vents. 

TABLE “L-CHEMICAL ANALYSES AN” MODES, YAKOmu FORMATlON 
PUQ.~HYRITLC ANors,rs 

Phenocry.ts- Range Average of 7 61*8298* 
PI?,pioc1asc ~~~~~~~~ ~~~.~~ ~~,~~~~~ ~~~~~~ x-s5 42.6 35.9 
Pyroxenc ~~~~~~~ ~~~~~~~~~~~~ ~~~~~~~~~ ~~~.~~~~~~~~. ~~~~~~ TT?I” 6.6 8.4 
Hornblende ~~~~~~~~~~~ ~~~~~~~~~~~~ ~~~~~~~~~....,~~~~,~ a-10 1.6 1.0 
rron OreS ~~~~~~ ~,~~~~~~~ ~~~~.~~~~~~ ~~~.~~~~~~~ ~~~~~~~ 3-10 4.6 6.” 
Matrix ~~,~~~~~ ~~~~ ~~~~~~~~ ~~~~~~~~ ~~~~~~ X&49 44.6 48.8 

- 
Km.0 1W.l 

PlaLioFlase ~~~~ ~~~~~~~ ~~~~~~~~~~ ~~~~~~~~ An6,,m3,, %f 
PIr”xcne ~~~~ ~~~~~~~ ~~~~~~ ~~~~~~ A”eite+ ~pi8eoniie~ Aupite?~ ,pieeonil~) 

Poawrnlrlr AN”iEllB TWFS 
A;;ra3&Y Ranpe 

Rock frawlent ~~~~~~ ~~~~~~~~~~ ~~~~~~~~~~ ~~~~~~~ ~~~~~~~~~ ~,~~~~~ ~~~~~~ 49.6 Tr.-?,l 
cryrra, fraCme”f ~~~~~~~~~~.~ ~~~~~ ~~~~~~~~~~~ ~~~~~~~~~ ,~~~ ~~~~~, ~~~~ ~,~~~~ 29.8 5-75 
Conlminuled matr/x ~~~~ ~~~~~~~ ~~~~,~~~~ ~~~~~~~~ ~~~~~~ 20.6 5-w 

- 
1”,1.” 
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Siratigraphy.-The stratigraphic sections of the Yakoun Formation differ 
greatly from locale to locale, as might be expected from a dominantly pyroclastic 
unit. The same rock types are generally present in any considerable section. The 
most Constant relation is that the calcite-cemented finely scoriaceous lapilli tuff forms 
the basal unit at nearly all localities where the base is well exposed. The thickness 
of this member, however, varies widely and is nowhere known to be thicker than at 
the type locality on Maude Island. McLearn included this member in the Maude 
Formation, but from regional considerations it must be included with the Yakoun. 
For the rest of the formation there is an approximate inverse relationship between 
the porphyritic andesite pyroclastic rocks and the volcanic sandstones. Figure 10 
shows a line from Atli Bay on Lye11 Island to the bend of the Yakoun River that is 
called the facies front, It represents the centre of a zone of transition from pre- 
dominantly agglomerates on the east to predominantly tuffs and volcanic sandstones 
on the west. 

The type section which follows is on the southeastern shore of Maude Island. 
It is representative because it is from the zone of transition and both facies and most 
rock types are present in quantity. 

A small fault separates the Haida sandstone from the top of the Yakoun For- 
mation so that the unconformity is not actually visible, but its presence is quite 
evident. Other faults cut the type section, but they are all judged to be relatively 
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small except for the one between B and C members, which might be sizable. 
C member is considerably thicker at Alliford Bay, less than 1 mile south, which 
may indicate that this fault is one of considerable movement. 
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