
CHAPTER 2 

Physiography and 

Glacial and Recent Geology 

PHYSIOGRAPHY 

The Queen Charlotte Islands in many respects are like a model of British Co- 
lumbia in the sense that most types of landform and physiographic terrains present 
in the Province are present in miniature in the islands. The range of terrain includes 
alpine mountains less than 4,000 feet high, dissected and relatively undissected pla- 
teau, and forest- or muskeg-covered plains. Shoreline types are as varied as the 
terrains and range from one that is formed by an abrupt fault-line scarp that rises 
from abyssal depths to sea-level and some 3,500 feet above, broken only by the 
entrances of fiords, to continuous wide sandy beaches between emergent and sub- 
merged parts of Hecate Lowland. 

Many of the forces that shaped the islands are still extant or not long disap- 
peared, so that the connection of process with form is more apparent than in regions 
that are not wholly so young. “ Basement ” rocks are Late Triassic, much of the 
cover is Tertiary, and some is immediately pre-Pleistocene. Fault tectonics have 
clearly been the dominant force in the structural architecture of the rocks and the 
formation of the physiographic units, and the islands and adjacent continental slope 
and shelf are still seismically very active. Tertiary volcanic rocks are so little de- 
formed that the construction of the main part of the plateau area by the effusion of 
these lavas is still clear. The evidence of the Pleistocene glaciation is ubiquitous 
and abundant. Shoreline processes that have modified the fringes of the islands are 
very evident today during the frequent gales. 

The Queen Charlotte Islands are divided into natural physiographic units with 
fairly clear boundaries (MacKenzie, 1916; Sutherland Brown, 1960; Holland, 
1964). The islands are part of the western system of the Canadian Cordillera and 
involve two major subdivisions, the Insular Mountains and the Hecate Depression. 
The Insular Mountains in the Queen Charlotte Islands are subdivided into the Queen 
Charlotte Ranges and the Skidegate Plateau, and the Hecate Depression is repre- 
sented by the Queen Charlotte Lowlands. The boundaries between the major units, 
although slightly irregular in detail, trend over all within 5 degrees of north 45 
degrees west, parallel to the west coast of Moresby Island. Figures 1 and 2 show 
the extent of these units with a few minor subdivisions, the San Christoval Range 
and the Argonaut Plain. 

Queen Charlotte Ranges 

The Queen Charlotte Ranges extend from Cone Head on Rennell Sound to 
Cape St. James and include most of Moresby Island but only a small part of Graham 
Island. The western boundary is the Pacific coastline; the eastern is along a line 
from Rennell Sound to Vertical Point on Louise Island. 
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Fig. 1. Index map of the Queen Charlotte Islands 

The seaward coast is an abrupt, straight fault-line scarp that is related to the 
Queen Charlotte fault (see Plate I and Fig. 28) and is substantially the edge of the 
continental shelf. The submarine topography west of the coast consists of an ab- 
normally steep continental slope that is traversed by an aligned group of canoe- 
shaped depressions that mark the probable course of the fault. The abyssal depths 
west of the continental slope are shallower than normal (that is, about 9,000 feet) 
and form part of the East Pacific Rise. Above sea-level, slopes rise sharply for 
1,500 to 3,500 feet. The average slope from the shore to the peak of Mount De la 
Touche (3,600 feet) is 30 degrees. This western front is abrupt all the way to 
southern Kunghit Island, where the peaks are but 1,500 feet. 

Within the Queen Charlotte Ranges there are three groups of high peaks, only 
one of which forms a lineal mountain range, the San Christoval Range. This extends 
from Tasu Sound to Gowgaia Bay from the Pacific to Darwin Sound. It was named 
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by Juan Perez in 1774, and hence is one of the oldest charted features of the British 
Columbia coast. Mount De la Touche (3,600 feet, named by La P&rouse for his 
lieutenant) is slightly higher than numerous other unnamed peaks in the range. 
Most of the range is underlain by granitoid rocks. Another group of high peaks 
occurs in a triangular area from Security Inlet in the north to south of Kootenay 
Inlet to Vertical Point in the east. This group includes the following named peaks: 
Mount Moresby (3,700 feet), Mount Kermode (3,500 feet), Mount Carl (3,000 
feet), and Mount Russ (3,000 feet). Most of the high peaks are formed of Triassic 
volcanic rocks, but some are granitic. The third high group extends from Kane 
Inlet to Skidegate Channel to Kagan Bay and includes Mount La P&rouse (3,700 
feet), Slatechuck Mountain (3,200 feet), and Mount Stapleton (3,500 feet). The 
northern peaks are formed of granitoid rocks, but the southern of slightly metamor- 
phosed young volcanic rocks. 

Beyond these three groups the mountains are mostly 2,000 to 3,000 feet high 
and, although they have steep slopes, commonly have rounded or bulbous summits. 
In contrast, mountains anywhere that are higher than 3,000 feet have small matter- 
horn peaks. Timberline is quite irregular, depending on exposure, slope, and geo- 
graphic position. It ranges from 2,500 to 3,200 feet, with the higher elevations in 
the east. In many exposed localities open muskeg, roche moutonn&, and mixed 
yellow cypress and pine scrub alternate from sea-level to timberline. Elsewhere 
luxuriant spruce, hemlock, and cedar forests clothe the slopes and the sheltered or 
well-drained valleys. 

The eastern boundary of the Queen Charlotte Ranges runs from Rennell Sound 
to Vertical Point on Louise Island and, apart from a projection east of Slatechuck 
Mountain, is fairly straight and follows the Rennell-Louscoone fault zone. In gen- 
eral there is a sharp transition from mountain to plateau or dissected plateau of 
fairly continuous ridges, but in the area between Long Arm and Mosquito Lake the 
boundary is not sharply defined. From Vertical Point southward the impression 
given by the mountainous little islands and intricate pattern of waterways is of a 
drowned coastline. This contrasts strongly with the east coast along the plateau 
and lowland areas. 

The Skidegate Plateau extends from Pivot Mountain in the north to Skedans 
Bay in the south and thus includes a major part of Graham Island but only a small 
part of Moresby Island. The plateau surface reaches 2,600 feet elevation in the 
west central part, between Port Channel and Tartu Inlet, and from there slopes very 
gently to the north and east. Slopes of the surface of more than 250 feet per mile 
or about 2% degrees are uncommon. Over most of the area the elevation of the 
plateau surface is just above 2,000 feet, but adjacent to the lowland boundary it is 
commonly lower, about 1,500 feet. Also adjacent to the Queen Charlotte Ranges 
at the northwest and southeast ends where the surface is truncated by the shore, it 
has sloped down to 1,500 to 1,300 feet. The very steep slope from the shore on 
Rennell Sound to the plateau surface is noteworthy. It rises at about 40 degrees 
from shore to 2,000 feet and is believed to be a fault-line scarp. The plateau sur- 
face is fairly well dissected, but continuous flat-topped ridges are the characteristic 
feature of the whole area (see Plate 111~). Glaciation has caused extensive modifi- 
cation by broadening the valleys and rounding the edges of the plateau surface. 

The origin of the plateau is complex. The eruption of a great pile of flat-lying 
laws in Early Tertiary times over a large part of the plateau would superficially 
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seem to indicate the plateau was essentially constructional. However, the plateau 
bevels all older rocks, notably the Jurassic volcanic and Cretaceous sedimentary 
sequences, and the surface over these is continuous with that over the laws. Fur- 
thermore, the Tertiary plateau lava sequence is tilted and can be seen in detail 
everywhere to be bevelled at a small angle by the erosion surface, which is normally 
oblique to the strike of the beds (see Plate ID). Therefore, the surface is ero- 
sional and post-Eocene, the probable age of the youngest laws. 

The Skidegate Plateau is the most heavily timbered area in the islands, but in 
the northern half most of the flat upland surfaces and gentle dip slopes of the laws 
are covered with muskeg or alpine meadow. South of the Yakoun River, muskeg 
and meadow become progressively less important. 

The boundary with the Queen Charlotte Lowlands to the northeast extends 
from Beresford Bay in the northwest to Gray Bay in the southeast. From near the 
Yakoun River south, the boundary seems simple and corresponds with the Sandspit 
fault line. Here it is a small scarp 200 to 500 feet high, evident eve” in the vicinity 
of the Tlell River, where the plateau surface is lowest and most fragmentary. From 
the Yako”” River north, the boundary is more complex. In part this is the result 
of the incision close together of the fiord-like valleys of Juskatla Inlet, Masset Inlet, 
and Ian Lake, where the boundary has been removed. It is, however, evident on 
the dividing hills. The main complexity results from the fact that there are two 
steps from lowland to main plateau. This is evident in the south in a most frag- 
mentary manner but is quite clear between Pivot Mountain and Ian Lake. In this 
interval the first step occurs at a” elevation of 600 feet “ear Ian Lake to 1,200 feet 
“ear Jalun Lake. The second, over the same interval, is at 1,100 feet at the south 
to 1,600 feet “ear Jalun Lake. At both steps there is a sudden change in slope that 
is scarp-like in places. Southwest of the second step the elevations increase to the 
general plateau level, about 2,100 feet. The northeasternmost step is taken as the 
boundary between lowland and plateau. The two steps come together at Pivot 
Mountain and at the McKay Range north of Mass& Inlet, making these boundaries 
particularly prominent. There is a sharp deflection of both steps to the southwest 
at Naden Harbonr. 

The relation of the southern part of the boundary to the Sandspit fault is quite 
clear, for it forms a fault scarp. The origin of the two northern steps is less clear. 
It may have originated partly from uplift along a series of in echelon faults or from 
purely erosional processes. 

Queen Charlotte Lowfund 

The Queen Charlotte Lowland flanks the Skidegate Plateau on the northeast 
and extends from Langara Island to Gray Bay (see Plate IV). It includes the larg- 
est part of Graham Island but only a” insignificant part of Moresby Island. Most 
of the lowland is well below 500 feet elevation, but in several areas between major 
inlets it rises smoothly at about 65 feet per mile to the plateau boundary at 500 feet 
to as much as 1,200 feet “ear Jalu” Lake. Most pronounced is the broad rise be- 
tween Newcombe Hill (Sialun Bay) and Nade” Harbour. A similar broad rise 
occ”rs between Naden Harbour and Masset Sound and to a lesser degree Yakoun 
and Tlell Rivers and Tlell River and Hecate Strait. In the northeaster” part of the 
lowland there is on the Argonaut Plain a number of flat-topped hills between 400 
and 500 feet high. Over most of the lowland, including the rises, the dissection is 
rudimentary, although between Naden Harbour and Langara Island in intensely 
glaciated older pre-Tertiary rocks it is more advanced and deeper than elsewhere. 
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Much of the lowland is covered by muskeg surrounded by scrubby pine, yellow 
cypress, or small spruce. This is true even on hills underlain by hundreds of feet 
of sand. Only along well-drained slopes such as river valleys does the forest of 
spruce and red cedar approach that of the plateau area. 

A subdivision of the lowland called the Argonaut Plain lies northwest of a 
line between Masset Harbaur and Cape Ball This line in fact is an ice contact 
front and the plain a Late Pleistocene outwash plain deposited from streams flowing 
northeastward from the ice to the southwest. The system of ramifying channels 
and remnant interfluves shows clearly on air photographs and is shown on glacial 
and geological maps (Figs. 2 and 5). 

The origin of the Queen Charlotte Lowland is as complex as that of the plateau. 
In part it is similar. The lowland embraces several distinct areas of differing bed- 
rock or history. Northwest of a line from Beresford Bay to Pillar Bay, Jurassic 
and Cretaceous sedimentary rocks cut by large Tertiary dykes and granitoid plutons 
form a slightly uplifted peneplane intensely fluted and eroded by Pleistocene ice. 
From this line to one roughly parallel with the Hancock River, relatively flat-lying 
Early Tertiary lava occur also in a slightly uplifted peneplane which to the east 
is overlapped by Late Tertiary sedimentary rocks. It is relatively clear the bevel- 
ling of the peneplane is related to the deposition of the Late Tertiary sediments. 
It is also likely that the surface was downwarped to the east coincident with deposi- 
tion, and uplifted in the southwest, partly by Late Tertiary faulting along the Sand- 
spit and related faults. The origin of the Late Pleistocene Argonaut Plain on the 
top of the earlier onlap of Tertiary sediments has already been mentioned and will 
be discussed in more detail on page 34. 

MINOR FEATURES “P TOPOGRAPHY 

Many of the notable minor features of topography are related to the Pleisto- 
cene glaciation or to Recent shoreline processes. The major glacial features include 
the drumlinized lowlands and plateau areas, matterhorn peaks, high- and low-level 
cirques, catenary valleys, fiords and finger lakes, and a large outwash plain. Most 
of these have been mentioned in the discussion of the topographic areas, and all 
will be treated under glaciation. 

The shoreline features include ones in current evolution and dead features 
formed prior to a small post-Pleistocene uplift. This uplift is apparent in all sections 
of the coast of the islands. Evidence for it includes: Dead sea cliffs along the 
Sandspit fault from Copper Bay to Shingle Bay and from Masset to the Skonun 
River; raised stacks at Reef Island, Conglomerate Point, Copper Bay, and from 
Pillar Bay to Beresford Bay; raised sea caves along the whole of the Pacific coast 
from Anthony Island north; and raised deltas, terraces, and wave-cut benches 
from Gray Bay all the way along the east and north coast to Beresford Bay at 
least. Included with the latter is a wide scroll of beach ridges from Tow Hill to 
Rose Spit. In addition, Recent fossils have been collected well above present sea- 
level. The extent of the obvious raised wide benches and terraces is shown on the 
geological plans and the glacial map. Precise measurement of the uplift is particu- 
larly difficult, but everywhere appears to be of the same order, 20&S feet. Within 
this limit of accuracy there is no evidence of tilting. Recent evidence on post- 
glacial sea-level shows a fairly uniform approximately exponential rise to the present 
level (Shepard, F. P., 1964). 

The age of these features judged by shells collected in two places (see p. 35) 
is about 8,000 years B.P. In the interval to the present, according to Shepard’s 
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curve (Fig. 2), the rise in sea-level would be about 50 feet, so that the total rise 
of the islands would have been about 70 feet. This might be thought due to glacial 
rebound, but the lack of evidence of tilt on the north coast over 55 miles long 
suggests it is not simple glacial rebound but involves tectonic movement also. 

Evolving shoreline features of note are mostly related to the northeast coast. 
where unconsolidated sands and tills are under vigorous attack by storms, particu- 
larly southeast gales. Sea cliffs over 50 feet high from Tlell to Qeanda River (see 
Plate XC) and nearly 200 feet high at Cape Ball are retreating at a considerable 
rate, as is shown by historical records. The eroded sands are drifting north and 
continue to build Rose Spit farther northeastward and to extend bars across stream 
mouths. Evidence of longshore drift on the north coast is equivocal; if Tow Hill, 
Skonun Point, and Yakan Point are regarded as groins, then drift is currently to 
the east; if the direction that streams turn on debauching from the lowland is 
used as evidence, drift is to the west. This may indicate an ancient drift direction. 
In any case the north beaches are very broad and longshore drift is less significant, 
and no cliffs of sand or till are under attack. Sand beaches are virtually continuous 
from Tlell to Mass& Some sand is blown into dunes behind the beaches on both 
Hecate. Strait and Dixon Entrance shores, but the dunes seem currently to be 
stabilized. Beach pebbles, however, are vigorously sand blasted, and dreikanter 
or ventifacts are ccnnrnon on exposed back beaches. 

GLACIATION 

In the Pleistocene the Queen Charlotte Islands were intensively glaciated 
during the Fraser (Wisconsin) glaciation. Evidence of earlier stages is either 
modified or destroyed, but evidence of the latest glaciation is abundant, fresh, 
varied, and widespread. During this stage the islands were covered by a locally 
generated ice-sheet, the Queen Charlotte Islands ice-sheet, that was in equilibrium 
with the Cordilleran sheet in Hecate Lowlands. The glacial features are most 
obvious in the mountain areas, and glacial deposits best exposed along the north- 
eastern coast bluffs from Tlell to the Oeanda River. 

Glacial studies of the Queen Charlotte Islands have been few and only G. M. 
Dawson’s (1880) classic study is of any scope. The number and accuracy of his 
glacial observations are remarkable and his general outline sound considering the 
limitations of the time. He (1880, p. 89~) summarized his observations in the 
following sentence: “We find everywhere in the Queen Charlotte Islands evidence 
of the descent of glacier ice from the axial range of mountains toward the sea, and 
little or none of the passage across the group of any more ponderous ice mass.” 
Recently gathered evidence was summarized and illustrated in a paper designed 
for biologists by Sutherland Brown and Nasmith (1962, pp. 209-219). 

The following discussion begins with a description of the glacial features which 
are chiefly erosional but includes the distribution of erratic boulders, followed by 
a description of ice movement. Thereafter glacial stratigraphy and paleontology 
and deglaciation are described, followed by a short summary of the glacial history. 
Finally post-glacial sea-levels and p&ontology are discussed. 

GLACIAL FEATURES 

The major landforms have been extensively modified by Pleistocene glaciation. 
In mountain and plateau areas all valleys have a catenary (U-shaped) profile and 
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many tributary valleys are hanging in relation to trunk valleys. Cirques are found 
at all elevations, from sea-level to 2,500 feet or more, and are oriented in all direc- 
tions. Most of the low-level cirques are evident along the west coast. These are 
largely west facing and seem related to the main period of glaciation. Two genera- 
tions of high-level cirques are evident; the main and larger ones have their floors 
at 1,500 to 2,000 feet elevation and are oriented in all directions. They seem 
related to the main glaciation by their continuity to catenary valleys. Out of the 
topography so formed, small high-level northeast-facing cirques or nivation hollows 
have been fretted with sloping floors from 2,500 to 3,000 feet elevation. In 
general, ridges and peaks below 3,000&200 feet elevation have rounded or 
botryoidal (mammillary) shapes characteristic of ones overridden by significant 
ice masses, whereas peaks above this elevation all show to some degree spiky to 
matterhorn shapes. All these features can be seen in detailed topographic maps 
(1:50,000). 

Smaller glacial features not evident on the detailed topographic maps include 
rock drumlins, fluting, roches moutontes, and strire. These features as a group are 
widespread and indicate the main pattern of ice movement, which will be discussed 
later. Orientations measured in the field or on air photographs are shown on the 
geological maps (Fig. 5) and the glacial map (Fig. 2). Figure 3 is a diagram 
showing the movement pattern indicated by them. Rock drumlins are an inter- 
mediate-sized feature formed principally in shale facies of the Cretaceous Queen 
Charlotte Group chiefly on the Cumshewa Peninsula in the Skidegate Plateau. 
They show well on air photographs of logged-off areas hut are scarcely recognizable 
on forested areas or on the ground. Flutings are of similar size but of more lineal 
nature and are gutter-like channels. They are widely distributed on the lowlands 
except on the Argonaut Plain and are most highly developed in the northwest 
corner of Graham Island in an area of folded sedimentary and dyke rocks of vary- 
ing competency, where they occur between drumlinoid ridges. They are also 
present, impressed on till and unconsolidated sands and shales of the Late Tertiary 
Skonun Formation, in the area east of Masset Sound and south of the Argonaut 
Plain, and on relatively flat-lying laws of the Early Tertiary Masset Formation 
west of the sound. Roches mouton&es and striz are present everywhere but are 
only preserved in soft rocks in special circumstances. The distribution shown on 
the map indicates their widespread formation and preservation at low elevations 
from Anthony and Kunghit Islands in the south to Lanpara Island and Massct 
Harbour in the north. Strize have been recognized to 2,500 feet elevation near 
Mike Inlet, but their preservation under severe frost conditions at these elevations 
is rare. Roches moutonCes, however, are very common to 3,000 feet and more in 
elevation. In some high passes in the San Christoval Range they indicate move- 
ment to the west. 

Erratic boulders are distributed from Langara to Kunghit Islands and from 
west to east. However, they are absent on the Argonaut Plain except along the 
base of the bluffs of the east coast, where some are exhumed from the underlying 
till. Large erratics are not commonly observed at the higher elevations. The larg- 
est observed was a h-foot-diameter erratic found near Skaat Harbour at about 1,500 
feet. Along the wave-cut benches all around the island, large lag erratic boulders 
are common. From Skedans to Tlell the shore is covered by erratic boulders. The 
largest observed was one of Honna conglomerate, 14 by 20 by 25 feet, at Lawn 
Point lying on Masset basalt. Along the line of projected movement, the closest 
source is south of Alliford Bay 16 miles distant. The closest known source is I2 
miles to the east across the movement grain. Granitic boulders resting on Masset 
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basalt are common all along the north coast. Dawson (1880, p. 93B) thought these 
erratics foreign to the islands and attributed them to floating ice in spite of observing 
stria: on protected bedrock on the shore. 

ICE MOVEMENT 

The features just described indicate tbe direction of ice movement. The direc- 
tion appears to have been fairly consistent during the whole glaciation, as judged 
by the close alignment of striz with roches mouton&s, rock drumlins, and flutings 
where these are observed in the same vicinity. The distribution of erratics is also 
compatible with the pattern indicated. This pattern shown on Figure 2 and shown 
diagrammatically on Figure 3 indicates that virtually all the ice traversing the islands 
was generated on them. In general the ice moved outward from an ice divide along 
the height of land. The ice flowing westward probably formed a small ice shelf, 
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Fig. 3. Diagram of ice movement. 
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whereas that flowing eastward came into contact with the Cordilleran Ice-sheet in 
Hecate Lowland and as a result established an equilibrium with that mass. The 
natural flow of much of the Queen Charlotte ice would have been to the southeast 
in the direction of the topographic gradient had it not been forced through contact 
with mainland generated ice into the pattern shown. The actual flow was north- 
westward except south of Burnaby Island. The vigour of the Queen Charlotte ice- 
field was such that equilibrium was established well off the present shoreline and 
mainland ice was diverted seaward through Dixon Entrance and Queen Charlotte 
Sound. At a maximum stage, back pressure from the equilibrium established ap- 
pears to have built up a field deep enough to partly force extrusion through the 
passes of the original ice divide toward the west. At this stage a true icefield 3,000 
feet or more above present sea-level existed, with only minor snow-clad nunataks 
protruding above the surface. Major ice shelves formed seaward of Langara and 
Kunghit Islands. 

GLACIAL DEPOSITS 

Glacial deposits consisting of till, marine drift, and stony clays and outwash 
sands are distributed throughout the islands from Langara Island to Rose Point to 
Kunghit Island. Along the bluffs from Tlell to the Oeanda River, these deposits are 
fairly continuously exposed (see Plate Xc), revealing a stratigraphy that the scat- 
tered good exposures throughout the islands confirm. The bluffs provide the type 
section. 

The stratigraphy of the bluffs is complex in detail but can be reduced to four 
main members: A lower marine till unit (l), a central sand unit (2), an upper 
till unit (3)) and an uppermost sand unit (4). Figure 4 shows three composite 
sections illustrating the stratigraphy. The lowest member (1) is composed chiefly 
(SO to 70 per cent) of dense grey stony silt that contains pebbles, cobbles, and rare 
boulders, and also a marine fauna of foraminifera and rare dwarf invertebrates. 
True boulder till comprises some 30 per cent of the unit and occurs in small lenses 
and extensive beds. Varved or laminated silts and clay form 10 to 7.0 per cent of 
the unit and commonly are deformed by d&collement folds. The thickest section 
exposed, about 55 feet, is at Cape Ball. Commonly the member has a laminated 
silt at the base with an overlying till followed by a thin contorted laminated silt and 
finally a fairly thick stony silt with some till lenses. The central sand unit (2) is 
composed of well-bedded grey sands, and cross-bedded sands and minor fine gravel. 
It is 10 to as much as 40 feet thick at Cape Ball. The upper till (3) is entirely a 
grey compact sandy lodgement till. It contains common striated boulders up to 1 
foot in diameter and 30 to 50 per cent of material coarser than sand. Near Mayer 
River it is continuous and up to 35 feet thick, but toward the bight north of Cape 
Ball it becomes thin and discontinuous. The uppermost sand unit (4) is composed 
wholly of light-yellow outwash sands and gravels, which occur in well-bedded hori- 
zontal sets containing prominent internal cross-beds. It is 65 feet or more thick 
in the vicinity of Eagle Hill. Sands 5 feet or so thick on the top of the higher cliffs 
near Mayer River above the upper till unit may be equivalent. 

At the bight north of Cape Ball an ice contact front was established, and here 
the stratigraphy is particularly complicated. The lower marine till unit is as always, 
except the laminated clays are particularly contorted. The central sand unit (2) 
contains lenses of stony clay, gravel, and minor till, but there is no continuous upper 
till unit (3). From a point about a mile north of the bight to the Oeanda flood 
plain, the section consists only of the lower marine till unit and a thick exposure of 



Fig. 4. Composite sections, Pleistocene deposits an northeastern Graham Island. 

cross-bedded sands (4). The glacial deposits of the bluffs are cut by channels of 
late-glacial to Recent age (see p. 35). These channels make it difficult to dcter- 
mine whether in fact the central sand unit (2) is a tongue of the main upper sand 
unit (4) or whether it is separate and truncated by unit 4. The former is consid- 
ered most likely and is shown on Figure 4. 

Elsewhere in the Queen Charlotte Islands, till is widely distributed but, except 
in road cuts and some stream banks, is not well exposed. Nowhere have any deti- 
nitely marine deposits been seen much above present sea-level. In many parts of 
Moresby Island, road cuts expose two distinct tills that differ significantly in fabric, 
colour, or principal constituent boulders. Rarely are the tills separated by sands, 
and both appear equally fresh. On Graham Island near luskatla on the Mamin 
River there is a good exposure in which 18 feet of sandy till is overlain by 6 to 10 
feet of thinly bedded stony clay that is contorted near the top and then by 12 feet 



of till that is almost all gravel at the bottom. This is overlain by 6 feet of gravel. 
At the entrance to Naden Harbour a thick exposure of stony silt contains lenses of 
till and is cut by a channel related to post-glacial high sea-level. Near the mouth 
of Watun Creek on the road, till and stony silts overlie 10 feet of well-bedded clay 
above shelly sands. The contact between Pleistocene and the unconsolidated marine 
Pliocene of the Skonun Formation is difficult to locate in the small cut banks along 
Masset Sound and equally difficult in well cuttings. 

PALEONTOLOGY AND AGE 

The only fossils collected in Pleistocene deposits are from a locality on the 
shore north of Eagle Hill at the end of the bluffs near the Oeanda flood plain. Here 
a few dwarfish invertebrates and abundant forams were collected from the lower 
marine till: 61AB151 and 61AB153 from the main lower bouldery grey stony clay 
(l), and 61AB152 from a sandy stony clay (1) overlying this and in turn overlain 
by outwash sands of the uppermost unit (4). The forams were identified by Dr. 
Roberta K. Smith and the invertebrates by Dr. Frances .I. E. Wagner, of the Geo- 
logical Survey of Canada. 

61AB151-Cardiumsp. 
Lunatia pallido Broderip and Sowerby 

61Al52 

Rare 
Rare 
Common 

Few 
Rare 

Rare 
Abundant 
Rare 



According to Roberta Smith, the foraminiferal fauna indicates a shallow 
marine cold-water environment of normal salinity with connection to the open ocean. 
The age indicated is Late Pliocene to Recent. 

The age of the glaciation may be judged to be late Pleistocene by the freshness 
of the erosional features and the unweathered nature of the glacial deposits. This 
is confirmed by the one radiocarbon age available on material that might closely 
date the end of glaciation and by the radiocarbon age of shells, related to post- 
glacial high sea-level (see p. 36). Regarding the first, Broecker and Kulp (1957, 
p. 132.5) state: “ Sample of limnic peat at a depth of 6.6 m in muskeg on Langara 
Island. Pollen profiles reveal a very early postglacial record. The sample should 
closely date the retreat of the Cordilleran ice from the ocean border. Submitted 
by C. .I. Heusser. Age (yr) 10,850~800.” 

The correlation with glacial stratigraphy and chronology of southwest British 
Columbia and northwest Washington must await further work, but it is virtually 
certain the glaciation is equivalent to the Fraser (Wisconsin) glaciation (Arm- 
strong, et al., 1965, pp. 321-330). The interesting question is whether the upper 
till is equivalent to the Sumas drift or not. 

DEGLACIATION 

During the late stage in which the upper till was being deposited, an extensive 
outwash plain, the Argonaut Plain, was built up northeast of a fairly stable ice 
front extending from Masset to Cape Ball. Two to four hundred feet of sand 
and gravel was laid down in a complex braided system of channels and flat-topped 
intcrfluves that shows well on the air photographs and is represented on the glacial 
map. The drainage was toward the northeast normal to the front, and an extensive 
sand delta was built into Dixon Entrance (Mathews, 1958). Sea-level initially was 
lower than at present, judged by channels cut in the older marine drift and filled 
with these sands. Bars built of moraine and outwash at the entrance to Cumshewa 
and Skidegate Inlets may have resulted from a stillstand during earlier withdrawal 
before the rcndvance to the Masset-Cape Ball front. 

SUMMARY OF GLACTAL HISTORY 

Much detailed work by specialists would be necessary to form an adequate 
idea of the glacial history, and this summary will be subject to revision. No defin- 
ite evidence of pre-Fraser glaciation has been found. The earliest phases of Fraser 
glaciation arc not exposed on the northeast bluffs. It would seem that an intense 
glaciation more than covering the islands was followed by a period during which 
extensive marine glacial drift was laid down. Glaciers then retreated and the 
Cordilleran and Queen Charlotte Jslands sheets disengaged. Retreat on the Queen 
Charlotte Islands may have been to a line from Kumdis Island to the entrance of 
Skidegate and Cumshewa Inlets. This was followed by a readvance to the line 
of the ice contact front, and the Argonaut Plain was constructed. After a period 
of stability, retreat and wasting were probably rapid, but valley glaciers from the 
higher mountain masses probably existed for some time building small moraines 
that eventually formed dams creating Yakoun and Mosquito Lakes, etc. Even 
later the small high-level cirques were formed, most likely during the Little Ice Age 
(Nco-Pleistocene). 

POST-GLACIAL SEA-LEVELS 

During the Fraser glaciation there were wide fluctuations of sea-lcvcl in rela- 
tion to the present shoreline because of world-wide or eustatic changes (Shepard, 
1964. pp. 574-6) and more local glacial loading and rebound. At the close of the 
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glaciation, channels filled with outwash of the Argonaut Plain indicate sea-level 
was lower than at present during this deposition. That it was also lower when 
the ice-sheet had retreated is shown by three former channels of Cape Ball Creek 
evident between the present mouth and the bight north of Cape Ball. It is also 
likely that Masset Sound was cut as a river at this stage. Depths in Masset Sound 
of the order of 100 feet below sea-level are common. 

Sea-level must have risen fairly rapidly, and the sluggish channels such as 
Cape Ball Creek were filled with estuarine deposits to a height some 20 feet or so 
above present sea-level. Masset Sound remained open because it connected eleva- 
tions below present sea-level and was subject to a vigorous flush of tides. Two 
generations of features of slightly different elevation and age are apparent in some 
localities, but most cannot definitely be distinguished. The estuarine flat of Cape 
Ball Creek and the flat from Yakan Point to Argonaut Hill are representative of 
the older slightly higher features. On the Yakan-Argonaut Hill flat a scroll of 
ancient beach ridges is clearly older than the series from Tow Hill to Rose Point. 
The approximate elevation of this flat is 25 feet above mean sea-level. Scrolls of 
beach ridges at Masset and Sandspit also seem to be of two ages, but most of the 
erosional features cannot be certainly distinguished as to age. 

Marine fossils collected from the Cape Ball estuary flat 10 feet above present 
high sea-level were in the living position and are typical of lower tidal levels, there- 
fore sea-level was at least 25 feet above present mean sea-level. Marine fossils in 
situ 10 to 20 feet above sea-level were also collected on a creek in Tasu Sound 
and were observed at Lockeport. Dawson (1880, pp. 94~95~) collected shells 
at similar elevations at Naden Harbour and Mamin River in Juskatla Inlet. The 
following were collected on the creek south of Edwards Creek flowing into Barrier 
Bay, Tasu Sound:- 

62AB 14X-Ostreu luridu Carpenter 
Chlamys hindsi (Carpenter) 
Hinnites multirugosus Gale 
Pododesmus macrochismu (Deshayes) 
?Glans minrrscula Grant and Gale 
Lucina acutilineara Conrad 
Ciinocardiun sp. 
Protothaca staminea (Conrad) 
Saxidomus gigunteus (Dcshayes) 
Macoma namfa (Conrad) 
Gastrona ii-us (Hanley) 
Acmau mitra Eschscholtz 
Diodora asperu (Eschscholtz) 
Astrrvrr gibberosa Dillwyn 
Trichotropis cuncelluta Hinds 
Bittium 
Fusinus barbarensis (Trask) 
?Balunophyllia elegans Verrill 

On the ancient estuary of Cape Ball Creek the following were collectcd:- 
62AB 184Suxidomus gixunfeus (Deshayes) 

Platyodon cancellara Conrad 
Zirjipn pilsbryi Lowe 
Lacuna cnrinain Gould 
?Trichotropi.s sp. 
Neptuneo lyrata Gmelin 
Balanus sp. 
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Frances J. E. Wagner stated in comment: “ These are all shallow water, marine 
species. The mediumaf-midpoints calculation (H. G. Schenck and A. M. Keen: 
Amer. Philos. Sot., Proc., vol. 77, No. 2, pp. 162-165, 1937) shows samples 
62AB7, 62AB47 and 62AB184 to be indicative of water temperatures similar to 
those prevailing in the region at present. Sample 62AB148 pointed to much 
warmer conditions, i.e. comparable to those of the Tillamook Bay area of Oregon.” 
Radiocarbon dates for the two samples were performed by the Geological Survey 
of Canada with the following results:- 

GSC-242-m-m _.~~ . . . . . . . . . . m-86202 150 yr. 62AB 184, Cape Ball Creek 
GSC-292.~~..~~~..~~.-~..~~~-~~.~8060+ 140 yr. 62AB148, Tasu Sound 

Dr. J. G. Fyles added in comment, “the temperature contrast between 62AB148 
and 62AB184 is surprising in view of their similar radiocarbon ages,” and he 
speculated that it might result from the Tasu waters being from the open Pacific 
in contrast to Hecate Strait. 

A feature still younger than the main ones related to high sea-level are wave- 
cut rock benches that are approximately at present high sea-level. These are 
normally only apparent in soft or friable rocks. Dawson (1880, p. 96B) speculated 
that the high level of these benches resulted from protection of the rocks by luxuri- 
ant growth of seaweed and shells, but it almost certainly represents a fairly recent 
small uplift for it is barely awash at highest storm tides. 

GLACIAL REFUGIA 

Biologists of many specialties have thought the Queen Charlotte Islands were 
either unglaciated, only partially glaciated, or unglaciated in the latest stage. The 
writer with Hugh Nasmith (1962) considered the problem from the geological 
point of view. There is little to add now. Clearly nunataks existed at the maxi- 
mum stage of glaciation, and some steep western slopes between valleys may have 
been open but others developed cirques with bases at sea-level. In any case the 
climate would have been a severe arctic one and would not have been a hospitable 
environment for much of the flora and fauna that is believed to have been preserved. 
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