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introduction

British Columbia lies astride the Western Cordil-
lera of North America, a broad and complex system 
of mountains and plateaus that has developed over 
nearly a billion years on the leading edge of the 
North American continental plate. In the northeast, 
the province extends beyond the mountains into 
the Alberta Plateau. Consequently, the contempo-
rary landscape exhibits a wide variety of landforms 
and materials, ranging from high mountain peaks, 
through broad, rolling plateaus, to alluvial valleys. 
This chapter presents an overview of the contem-
porary landscape of British Columbia, highlighting 
rock and soil materials and their properties, and ex-
plains how the landscape has developed. Rather than 
elaborately describe the physiography, we instead 
consider the major elements that have created the to-
pography and the principal attributes of the physical 
landscape—landforms, surface materials, and soils. 
Figure 2.1 shows the major physiographic divisions 
of the province, reflecting the present topography. 
The divisions are based on topographic boundaries.  

The present topography is the consequence of the 
interaction of three principal factors: tectonic his-
tory, rock types, and climate. Tectonic history is the 
sequence of earth movements—mobilized by forces 
within the Earth—that has produced the large-scale 
arrangement and elevation of major topographic 
features. Hence, the major physiographic units of the 
landscape (Figure 2.1) are largely tectonically deter-
mined. Tectonics also accounts for the distribution 

of the rock types exposed at the surface, and these 
have influenced the character of the soil materials 
that mantle the surface (surficial materials) today. 
These, in turn, have a major influence on the terres-
trial components of the hydrologic cycle. 

Climate controls the hydrologic cycle and deter-
mines the processes of rock weathering, erosion, and 
sediment transfer at the surface of the Earth. These 
geomorphic processes create the landforms and soils 
within the landscape.

The temporal scale for tectonic processes is in the 
order of 1 million years and the spatial scale falls 
between 100 and 10 000 km. Geomorphic processes, 
insofar as they operate cumulatively to produce sig-
nificant landforms, have temporal scales from 10 to 
100 000 years, and work on spatial scales of between 
0.10 and 1000 km. The upper end of the range of 
geomorphic processes intersects tectonic scales, and 
the lower end corresponds with the time and space 
scales of everyday human interest. At these scales, 
the processes act principally on the materials that 
mantle the Earth’s surface, so the relation between 
these processes and surficial materials is of central 
interest. Important tectonic (e.g., earthquakes, volca-
nic eruptions) and geomorphic (e.g., landslides, ma-
jor floods) events can occur almost instantaneously 
and have significant impacts on the landscape, on 
society, and on land management. 

Although the British Columbia landscape has de-
veloped over a very long time, this chapter focusses 
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Figure 2.1  Physiographic regions of British Columbia (simplified after Mathews 1986: Mathews’ lowest-order units 
have been omitted; relief data are from digital files of the United States Geological Survey). These  
physiographic divisions are also superimposed on maps of geology (Figure 2.4), glacial features (Figure 
2.11), glacial deposits (Figure 2.15), and soils (Figure 2.22) so that the reader can determine the principal 
attributes of the physical landscape in each topographic division. (Minister of Public Works and Govern-
ment Services Canada)
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on the most recent periods of Earth history within 
which tectonic and geomorphic processes have cre-
ated the contemporary landscape. Within this time 
frame, the dominant elements have been mountain 

building and episodic glaciation. The contempo-
rary landscape is primarily the legacy of these two 
processes.

tectonic setting and geology

Tectonic History

Following extensive mountain building in late Meso-
zoic and earliest Tertiary times (approximately 70 to 
35 million years ago), the bulk of the Tertiary Period 
was an interval of erosion of the British Columbia 
landscape. Topography west of the Rocky Moun-
tains was reduced to gentle slopes and broad valleys 
with up to 500 m of local relief, forming an ancient 
eroded landscape, relicts of which remain as high 
surfaces throughout the Cordillera. The contempo-
rary landscape began to develop during the most 
recent phase of uplift and river incision commencing 
about 10 million years ago (Mathews 1991). 

The tectonic regime is controlled by the motions 
of the Pacific, Juan de Fuca/Explorer, and North 
American plates (Figure 2.2), all three of which come 
together at a “triple junction” off the north coast of 
Vancouver Island at the minor Winona Block. North 
of the junction, the Pacific Plate moves northwesterly 
relative to the continental North American plate 
along the Queen Charlotte Fault at about 55 mm/
yr. To the south, the Juan de Fuca and Explorer 
plates are moving easterly at about 40 mm/yr; the 
subduction of these plates under the continental 
margin takes up part of this motion (Riddihough 
and Hyndman 1991). These plate movements have 
promoted tectonic, seismic, and volcanic activity on 
the continental margin. The main orientations of the 
major valleys in the Coast Mountains, including the 
fjords, define the principal conjugate failure planes 
for the stresses established by onshore movement 
of the Juan de Fuca/Explorer plates, demonstrating 
their influence over the topography of coastal British 
Columbia. 

The Pacific Plate has moved toward the North 
America Plate for a long time, causing a sequence of 
“exotic terranes” (units of Earth’s crust that originat-
ed elsewhere) to be carried to the margin of North 
America. These terranes today make up much of the 
basement rock west of the Omineca and Columbia 
mountains, an early continental margin terrane that 
developed on the ancient rim of the North Ameri-

can craton. The largest more recent body of locally 
formed rock is the sequence of Mesozoic intrusions 
that makes up the Coast Mountains. These tectonic 
features today define the principal physiographic 
divisions of the province (Figure 2.1).

The main locus of tectonic activity today lies 
offshore of British Columbia, along the Queen Char-
lotte Fault and the Cascadia subduction zone, but 
occurs onshore in the U.S. Pacific Northwest and in 
southern Alaska. The most impressive physiographic 
evidence of this activity is the line of continental 
stratovolcanoes that extends from southern British 
Columbia along the Cascade Mountains to northern 
California, and in the Wrangell Arc, extending from 
the St. Elias Mountains into the Aleutian Islands. In 
between, deeper-seated volcanism, yielding basaltic 
volcanic centres, occurs in the Anahim and Stikine 
volcanic belts of British Columbia.

Within the last 10 million years, the Coast Moun-
tains have risen by up to 4 km (Mathews 1991), with 
average rates up to 0.5 mm/yr. In the latter half of 
this interval, the main activity has shifted from the 
northern Coast Mountains toward the south. More 
than half of the uplift is caused by isostatic compen-
sation for erosion, which has resulted in the incision 
of most major rivers well below the general level of 
the landscape. Uplift is also attributable to primary 
tectonic effects and to thermal expansion of the crust 
and upper mantle associated with subduction. In 
the interior plateaus of British Columbia, extensive 
basalt flows were extruded in the Tertiary Period. 
An older series of lavas widespread in the Thompson 
Plateau—the Kamloops volcanics—dates from early 
Tertiary time. A younger series dating from the late 
Tertiary—the Plateau basalts—buried the earlier 
Tertiary erosion surface in the more northerly and 
westerly plateaus (Figure 2.3). 

Today, the base of the lavas defines the ancient 
land surface over extensive areas. Both the ero-
sion surface and overlying basalts are now warped 
up toward the Coast Mountains, indicating lesser 
uplift east of the mountains. In fact, the contempo-
rary elevation of the plateaus is largely the isostatic 
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Figure 2.2  Major geophysical features having physiographic expression in British Columbia (compiled from Ga-
brielse and Yorath 1991: plate tectonic features; Natural Resources Canada 1995: permafrost; Clague 
1989: other features ). (Minister of Public Works and Government Services Canada)
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response to continued erosion rather than the result 
of tectonics. Contemporary uplift averages about 
2 mm/yr along the outer coast of British Columbia 
and 3–5 mm/yr in the Saint Elias–Alaskan coast 
region. Part of this deformation is elastic strain in 
response to subduction that fault rupture will even-
tually relieve.

More details on the tectonic history of the Ca-
nadian Cordillera and its influence on the contem-
porary topography can be found in Gabrielse et al. 
(1991). An important feature of the tectonic history 
is that the development of the forests and biota of 
British Columbia occurred within the same 10 mil-
lion years as the contemporary mountains and were 
undoubtedly conditioned by it.

Geology

At a more local scale, rock structure and lithologies 
determine major landforms, such as the orientation 
of mountain ranges and major valleys. Structural 
features (e.g., faults and folds, joints, and bedding) 
determine the details of the landscape, such as the 
asymmetry of individual ridges and the location of 
major gullies. The mineral composition of the rocks 

determines their susceptibility to weathering and the 
character of the weathering products. 

Because of the complex tectonic history, even a 
highly generalized geological map of British Co-
lumbia presents a complex pattern (Figure 2.4). 
Although geological mapping usually emphasizes 
the age of the rocks and their stratigraphic sequence, 
this information does not indicate rock properties 
clearly, such as strength and weathering suscepti-
bility, which are of considerable relevance to land 
managers. Unfortunately, these performance indica-
tors rarely are systematically mapped and are, in 
any case, difficult to show on small-scale and hence 
generalized maps. We have nonetheless attempted 
to give some indication of likely rock performance 
in Figure 2.4 and in the following notes. The most 
general classification divides rock types into igneous, 
sedimentary, and metamorphic types, with igneous 
rocks subdivided into intrusive and extrusive types. 
To some extent, these classes correspond to rock 
character and rock performance. 

Igneous rocks
Intrusive igneous rocks (plutonic rocks) are formed 
in the Earth’s crust by cooling of intruded magma. 

figure 2.3  Tahltan Highland: view south along the east side of the Spectrum Range (composed of flat-lying Tertiary volcanic 
rocks), with the Little Iskut Valley to the left. A major landslide has occurred off the rock scarp in the middle ground 
(indicated by lighter vegetation). (Photo: J.M. Ryder)
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Figure 2.4  Generalized geology of British Columbia: lithostratigraphical units (modified from Massey et al., 2005). 
(B.C. Ministry of Energy, Mines and Petroleum Resources)



23

Typically, these rocks are coarsely crystalline and 
range from simple stocks occupying tens to hun-
dreds of square metres to the huge plutonic complex 
of the Coast Mountains. Rock composition in Brit-
ish Columbia varies mostly from syenite through 
various granitic rocks to diorite (Woodsworth et 
al. 1991). Plutonic rocks are relatively resistant to 
weathering owing to a composition of predominant-
ly durable minerals (quartz, feldspars, hornblende) 
in the form of large, interlocking crystals, and joint 
planes that are widely spaced. Hence, plutonic rocks 
support steep slopes and rugged topography (Figure 
2.5).

In the landscape, lines of weakness (major joints 
and faults) are followed by depressions ranging in 
size from minor gullies to major valleys. These rocks 
are subject to mechanical breakdown, which typi-
cally involves the loosening and release of large, 
joint-bounded blocks giving rise to coarse, blocky 
colluvial slopes and large boulders in glacial drift. 

Plutonic rocks are also subject to granular disinte-
gration caused by the combined effects of mechani-
cal and chemical weathering, giving rise to a sandy, 

gritty crystalline residue (termed “grus”), sandy till, 
and sandy, gravelly alluvium.

Extrusive igneous rocks (volcanics) are of two 
types: (1) magmas that solidified in the surface 
environment (i.e., lava flows), and (2) solidified 
accumulations of volcanic ash and cinders (pyro-
clastic rocks). Basaltic magma is very fluid so that 
flows spread readily to form large, but gently slop-
ing, shield volcanoes or extensive lava sheets. The 
dissected remnants of the former are visible, for 
example, in and around the Rainbow Range of the 
Chilcotin Plateau (Figure 2.6). 

The Tertiary Plateau basalts resulted from fis-
sure eruptions of basaltic lavas that spread for great 
distances to form extensive lava sheets; subsequent 
uplift and dissection transformed these into plateaus 
bounded by stepped escarpments. Andesite lavas 
are less extensive in British Columbia than basalts. 
This magma is more viscous and commonly associ-
ated with pyroclastic deposits that, together with 
andesite lava, tend to form classic volcanic cones. All 
lavas are typically fine textured and joints are closely 
spaced because of crystallization and contraction 

figure 2.5  Boundary Ranges of the Coast Mountains. View up the south branch of Vekops Creek to the Sawback Range, a 
spectacular U-valley. (Photo: J.M. Ryder)
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during rapid cooling. Basalts typically display co-
lumnar jointing; jointing in andesite is often chaotic. 
Pyroclastic rocks formed by accumulations of ash, 
cinders, and shattered volcanic rocks may be welded 
and strong or scarcely consolidated and weak. 
Quaternary volcanic piles in the Garibaldi region of 
southwestern British Columbia include weakly indu-
rated rocks that present major landslide hazards.

Mechanical weathering, especially by freeze–thaw 
processes, is important in volcanic rocks because of 
the joints and other openings that give ingress to wa-
ter. The minerals in basalt—plagioclase, olivine, and 
pyroxene—are also susceptible to chemical weather-
ing, so that this rock yields fine-textured weather-
ing products as well as blocky or rubbly debris. In 
general, unweathered volcanic rocks can maintain 
steep slopes and substantial relief. Many volcanic 
sequences, however, include layers of severely weath-

ered material. These may include soils that developed 
on one lava flow before it was buried during the next 
eruption or layers of volcanic ash (tuff) and other 
pyroclastic material that weather relatively rapidly 
to a clayey residue. Some of these clayey weathered 
layers are extremely weak and deformable, and give 
rise to slope instability. Major landslides related 
to these conditions are widespread on steep slopes 
around the edges of interior plateaus that are capped 
by volcanic rocks (e.g., the Thompson, Fraser, and 
Stikine). Relatively young volcanic rocks, such as the 
Pleistocene Garibaldi volcanics, are also subject to 
instability ranging from abundant rock fall through 
debris flows to rock avalanches. 

Sedimentary rocks
Sedimentary rocks are formed by deposition of clas-
tic fragments (particles of disintegrated pre-existing 
rocks) or by chemical precipitation mostly in the 
oceans. Initially deposited as horizontal strata, many 
sedimentary rocks have subsequently been com-
pressed, folded, and fractured as a result of tectonic 
activity. This results in the development of joints and 
faults that, together with bedding planes, function as 
planes of weakness.

Erosion of horizontally bedded rocks gives rise 
to plateaus, escarpments, and mesas (Figure 2.7), 
the more-resistant beds forming the scarps. Such 
topography is well represented in the Alberta Plateau 
physiographic region of northeastern British Colum-
bia where thick units of resistant sandstone alternate 
in sequence with weak, easily eroded shales. 

Dipping sedimentary rocks form cuestas (asym-
metric ridges) and impart a characteristic grain 
to topography, as in the Rocky Mountain foothills 
and the southern Gulf Islands. Strongly folded and 
faulted rocks form complex and rugged topography, 
although a distinct parallel alignment of ridges and 
ranges is usually still evident, as in the Main Ranges 
of the Rocky Mountains. 

The induration (hardness and internal cohesion) 
of clastic sedimentary rocks depends on their history 
of loading (compaction) and degree of cementation 
of the grains. Subsequently, their weathering char-
acteristics depend on the degree of induration, the 
chemical composition of the cement, and the spacing 
of joints and bedding planes that admit water into 
the rock mass. 

Weakly indurated and thinly bedded rocks, such 
as most mudstones and shales, disintegrate readily, 
are easily eroded, and tend to form relatively low-

figure 2.6  Plateau edge along Taseko River (Chilcotin Pla-
teau), showing the Tertiary Plateau basalts form-
ing a lava flow escarpment. Block slump failures 
and extensive talus are present. (Photo: J.M. Ryder)
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lying areas. Well-indurated (cemented) rocks with 
widely spaced joints and bedding planes, such as 
many sandstones and conglomerates, resist erosion 
and tend to underlie topographic highs. Physical 
weathering releases rock fragments of a size deter-
mined by the spacing of planes of weakness in the 
parent rock. Thinly bedded shales thus produce 
small, platy clasts that readily disintegrate when 
transported. Massive sandstones and conglomer-
ates with widely spaced planes of weakness produce 
blocks that may survive glacial transport. Chemical 
dissolution of cementing agents is an effective weath-
ering mechanism that essentially reconstitutes the 
original sediments. Hence, residual soils and glacial 
sediments tend to be silty or clay-rich when derived 
from shales, or sandy when derived from sandstones 
and conglomerates.

Another sedimentary rock, limestone, is a 
chemical precipitate consisting of calcium carbon-
ate. Although relatively resistant to erosion in our 
cool-temperate environment, it is subject to solution 
by acidic waters (the average pH of precipitation over 
British Columbia is about 5.6, and organic acids may 
make runoff waters more acidic). The result may 
include the formation of cliffed gorges on the sur-
face and underground passages and caverns where 

groundwater moves along joints and bedding planes. 
Collapsed cavern roofs and swallow holes create 
steep-sided, closed depressions. Such features, col-
lectively known as “karst terrain,” occur in British 
Columbia on central and northern Vancouver Island 
and along the Main Ranges of the Rocky Mountains. 
Karst hydrology and geomorphology are discussed 
in detail in Chapter 11 (“Karst Geomorphology, Hy-
drology, and Management”).

Metamorphic rocks
Metamorphic rocks are formed when pre-existing 
rock bodies are heated and compressed as a result 
of deep burial or the intrusion of igneous rocks, 
causing modification of their characteristics. The 
degree of metamorphism has a strong effect on the 
mineralogical composition and internal structure of 
the resulting rocks, and hence the rock’s resistance 
to erosion. Many metamorphic rocks are foliated 
(minerals are segregated into bands in the rock [e.g., 
gneiss and schist]), while others develop a distinctive 
cleavage (preferred orientation of breakage planes 
unrelated to bedding). Subsequently, differential 
weathering may produce linear topography (e.g., 
the Omineca Mountains). Most gneisses are rela-
tively resistant to erosion; schists may be resistant 

figure 2.7  The Alberta Plateau, view near Pink Mountain settlement (Beatton River headwaters). The flat-lying 
Cretaceous sediments erode to form mesas. The cap rocks are sandstones and conglomerates.  
(Photo: J.M. Ryder)
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or weather relatively readily depending on their 
mineralogy. Some metamorphosed sedimentary 
rocks (e.g., marble, from limestone; quartzite, from 
sandstone) may be extremely resistant and so form 
the backbone of significant mountain ridges. All pre-
Miocene rocks in the Cordillera have been metamor-

phosed; high-grade metamorphism, reflecting deep 
burial and heating, occurred in the Coast and Omin-
eca belts, and lower-grade metamorphism, indicat-
ing burial, occurred elsewhere. 

The geology of the province is analyzed in detail 
in Gabrielse and Yorath (editors, 1991).

glaciation

Glacial History

While tectonics has established the architecture 
of the province, the detail has been wrought by 
Pleistocene glaciation. Glaciers formed in southern 
Alaska more than 9 million years ago (Denton and 
Armstrong 1969)—that is, early in the late Tertiary 
mountain-building episode. In British Columbia, 
evidence exists for Cordilleran glaciation in the late 
Tertiary period (3 million years ago) in the form of 
tills interbedded with lava flows in the northern and 
central Interior (see Clague [compiler] 1989). Wide-
spread ice cover may have developed only within the 
last million years (e.g., till underlies 1.2 million years 
old lavas on the Cariboo Plateau near Dog Creek, 
well outside the mountains). Glaciation has strongly 

sculpted the topography, particularly in the moun-
tains (i.e., the Rockies, Cassiar-Columbia, Coast, and 
Insular mountains) (Figures 2.5 and 2.8).

The Pacific coast is highly dissected and indented 
by fjords extending up to 150 km inland. Local relief 
near the summit of the Coast Mountains is as much 
as 2500 m, with another 750 m of submarine re-
lief. The fjords and terrestrial valleys represent the 
structurally controlled preglacial drainage lines, but 
today they exhibit remarkably steep, glacially eroded 
slopes (Figure 2.9). It has recently been demonstrated 
that, during the Pleistocene Epoch in the southern 
Coast Mountains, glacial erosion of the major valleys 
has been more than six times as effective as subaerial 
erosion (Shuster et al. 2005).

The characteristic pattern of Cordilleran glacia-

figure 2.8  Seven Sisters Mountain, Bulkley Range of the Hazelton Ranges on the south side of the Skeena Valley. 
Composed of Mesozoic sediments and exhibiting strong glacial erosional topography. (Photo: J.M. Ryder)
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tion (Clague [compiler] 1989) has been for ice first 
to develop in cirques high in the mountains, with 
an ice distribution not unlike that of today (Figures 
2.10, 2.11). The onset of a glaciation is characteristi-

cally rather slow, so that alpine glaciation with its 
characteristic cirque and valley glaciers and high 
mountain icefields, might persist for thousands of 
years. Eventually, ice expanded beyond the moun-

figure 2.9  A deep, glacial trough cut through the Coast Mountains, Pacific Ranges, near Bute Inlet: valley of Orford 
River, view southwest. (Photo: J.M. Ryder)

figure 2.10  Bishop Glacier, central Pacific Ranges of the Coast Mountains. Bishop Glacier drains the north side of 
the Lillooet Icefield. The rocks are heavily glaciated Mesozoic granitic intrusions. (Photo: J.M. Ryder)
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Figure 2.11  Principal glacial features in British Columbia (modified from Geological Survey of Canada Map 1253A 
1968; area of marine overlap from Clague [compiler] 1989, Figure 1.5). (Minister of Public Works and 
Government Services Canada)
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tains and coalesced to form an ice cover over the 
interior plateaus and plains, and extended offshore 
onto the continental shelf.

Global climate history and dated evidence for 
glacial events in the Cordillera more than 1 mil-
lion years ago suggest that as many as 20 or more 
significant glaciations may have occurred in the 
mountains. Direct evidence of older glaciations is 
extremely rare, however, because each succeeding 
glacial advance destroys the evidence of its predeces-
sor, and the more recent glaciations have been the 
most extensive. Until evidence from deep-sea marine 
sediments became available, the conventional wis-
dom was that only four major glacial episodes had 
occurred during the Pleistocene Epoch. Fortunately, 
abundant evidence of the nature of the last glaciation 
(Figure 2.11) allows us to explain the character of 
the contemporary landscape, which is our principal 
concern. 

The latest Pleistocene glacial episode, known as 
Fraser Glaciation in British Columbia, began in the 
mountains more than 30 000 years ago. Because the 
ice expanded very slowly at first, it was only after 
about 25 000 years BP (before present)1 that gla-
ciers emerged from the mountains. After that, ice 
expanded rapidly, coalescing over the plateaus and 
lowlands, to form the Cordilleran Ice Sheet. Fraser 

Glaciation ice reached its maximum extent about 
15 000 years BP. The ensuing glacier melt was rapid, 
so that parts of the Fraser Lowland were ice-free 
before 13 000 years BP. By 10 000 years BP, there was 
no more ice in the mountains than there is today. 
Minor fluctuations are superimposed on this overall 
history, so that seemingly local advance and retreat 
phases have been recorded in many places within the 
Cordillera.

Because of the difficulty in establishing absolute 
correlations between deposits in different places, 
field investigators have long observed a conven-
tion to give various chronostratigraphic units local 
names. A correlation chart of these names for several 
regions of British Columbia is shown in Figure 2.12. 
Reports of local glacial history and Pleistocene de-
posits will use the local names.

The cumulative evidence of Pleistocene glacial 
erosion is widespread in British Columbia. In the 
highest mountains, where peaks projected above the 
general level of the ice sheet, alpine glacial scenery is 
preserved in the form of horns, arêtes, and cirques 
(Figure 2.13). Where mountainous topography and 
high plateaus were overridden, summits and ridges 
are rounded (Figure 2.14), although major erosional 
landforms, chiefly cirques and glacial troughs, are 
well defined .

FIGURE 2.12  Correlation chart of Fraser Glaciation history in British Columbia. (Adapted from Clague [compiler] 1989, Figure 1.17)

1 Dates in this paragraph refer to 14C years; see note under section on “Holocene History.”
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figure 2.13  View north from Idaho Peak in the Selkirk Mountains above New Denver. The long slopes are evident 
below alpine glacial topography, and there is also a steep inner valley. The mountains here are  
Triassic volcanic and sedimentary rocks (Idaho Mountain is located on Middle Jurassic granitic  
intrusives). (Photo: J.M. Ryder)

figure 2.14  Glacially overridden ridge crests in the southern Cascade Mountains. These mountains were inundated 
by Fraser Glaciation ice, creating the smooth topography. Many of the valleys, however, remain  
V-shaped because ice flow crossed them rather than being directed along them, so erosion of the valley 
sides was limited. (Photo: J.M. Ryder)
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Valley erosion was greatest where the valleys were 
aligned parallel to the ice flow, such as along the val-
leys of the major interior lakes (e.g., Chilko, Quesnel) 
at the edge of the mountains. In contrast, valleys 
oriented across the direction of former ice flow 
commonly were little modified from their preglacial 
form. Some mountain valleys have well-developed 
troughs along their upper reaches that were occu-
pied by valley glaciers, but become V-shaped farther 
downstream where ice sheet flow was transverse to 
the valley’s trend (Figure 2.14). 

Styles of deglaciation differed dramatically be-
tween the major mountains and the interior plateaus 
and plains—consequently, so do the resulting glacial 
depositional landforms. Within the mountains, in 
general, ice remained active (i.e., continued to flow) 
to the end of the glaciation, so that proglacial out-
wash features were constructed in the valleys. Reces-
sional moraines are rare because ice retreat was rapid 
and more or less continuous. On the plateaus and 
plains, ice stagnated during the later stages of glacia-
tion as the ice supply from the mountains declined 
and the emerging uplands—exposed as the level of 
the ice surface declined—cut off the ice supply. 

As melting lowered the surface of stagnant ice, 
glacial debris melted onto the ice surface, eventually 
forming widespread ablation moraines. Abundant 
eskers, kames, and kame terraces were formed where 
sand and gravel were deposited by meltwater under 
and against the ice, and kettles formed where buried 
ice melted. Major valleys were commonly blocked by 
receding or stagnant ice, impounding major but tem-
porary glacial lakes (see, for example, Fulton 1975).

A singular consequence of Pleistocene glaciation 
was that large volumes of water were transferred 
from the ocean basins to the land surface (in the 
form of ice), so that sea level fell significantly (by 
140 m at the climax of Fraser Glaciation). At the 
same time, the weight of the ice depressed the land 
surface isostatically (by more than 250 m in the 
Cordilleran region). Hence, the relative levels of sea 
and land were changed. At the close of glaciation, 
sea level rose in accordance with ice melt, whereas 
the physical properties of the Earth’s mantle gov-
ern isostatic recovery. The latter occurred relatively 
slowly so that, as the ice melted, the land was still de-
pressed. Coastal areas up to about 200 m above sea 

level were inundated, and marine sediments accu-
mulated on what is now dry land. Isostatic rebound 
continued for several millennia (the time varying 
with location) as relative sea level gradually came to 
its present level.

British Columbia glacial history is summarized in 
Clague (compiler, 1989). Fulton et al. (2004) summa-
rized the Fraser Glaciation and provided an exten-
sive list of surficial geology maps, including NTS 
map-sheet references.

Glacial Deposits 2

Our chief interest in the glacial history lies in under-
standing the nature and performance of the surface 
materials that have been left behind (Figure 2.15).

The direct deposits of glacier ice are termed till. 
In general, two kinds of till are recognized: basal till 
and ablation till. Basal till was deposited as the base 
of the glacier melted from frictional and geothermal 
heat. In some places, the basal debris-rich layer was 
sheared off the main ice mass, and then melted in 
place; in others, the overpassing ice might deform 
a subglacial soil. Ablation till is melted-out glacial 
debris that accumulated on the ice surface as it was 
lowered by solar heating. Basal till is non-sorted and 
massive (not bedded), although in large exposures it 
may display faint stratification caused by shearing at 
the ice base. The texture of till depends on the nature 
of the source material. For example, till in and near 
the Coast Mountains tends to be sandy because the 
granitic bedrock weathers to a sandy residue. Till de-
rived from the basalt of the interior plateaus contains 
a high proportion of silt and fine sand, while till de-
rived from shale, for example in northeastern British 
Columbia, contains much clay; however, where tills 
are derived from “recycled” sediments such as earlier 
glacial deposits, their texture and mineralogy may 
not reflect the local rocks. In the Thompson River 
valley, for example, tills consist of rounded pebbles 
derived from fluvial deposits in a sandy-silt matrix 
derived from glaciolacustrine sediments.

Basal tills are dense—denser and stronger than 
any other surficial material, typically overconsolidat-
ed (i.e., compacted by forces greater than the exist-
ing overburden weight), relatively cohesive, and of 
low permeability. These tills form good foundation 

2 In this section, many glacial landforms are named without further definition. Terms may be found in the glossary (Appendix 1)  
accompanying the Terrain Classification System for British Columbia (Howes and Kenk [editors] 1997). These definitions, written 
from the perspective of identification for terrain analysis, are not all complete or authoritative. Further references include Benn and 
Evans (1998), Martini et al. (2001), Evans (editor, 2003), and Evans and Benn (editors, 2004).
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FIGURE 2.15  Generalized glacial deposits in British Columbia (from R.J. Fulton 1995). (Minister of Public Works and 
Government Services Canada)
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material, but drain slowly. In general, ablation till 
tends to include fewer fines (silt, clay) than basal till 
and more angular clasts, both characteristics result-
ing from the absence of abrasion and grinding that 
modified debris at the ice base. The material is mas-
sive, except where debris flows off melting ice (called 
“flow till”) may have resulted in localized bedding. 
This material tends to have high bearing strength, 
but lower cohesion and higher porosity and perme-
ability than basal till. Ablation till may be similar to 
the material in kames (see below), and sometimes 
the two are hard to distinguish. At glacier margins, 
tills may accumulate to form moraines, which are 
almost always complex deposits incorporating tills 
of varying character, and often meltwater deposits  
as well.

Kames and eskers consist of meltwater-trans-
ported sand and gravel that was deposited in contact 
with glacier ice (ice-contact glaciofluvial deposits). 
Eskers are sinuous ridges that were formed in glacial 
tunnels. Kames include mounds and hummocks, ir-
regular terraces, and delta-terraces, and typically ex-
hibit conspicuous slump and fault structures owing 
to partial collapse of the original deposit when the 

supporting ice melted. The materials are bedded and 
more or less well sorted within beds—often appear-
ing no different than ordinary fluvial deposits—but 
the bedding is highly variable. Lenses or layers of 
silt and, less commonly, clay may be present, having 
accumulated in backchannels or kettle ponds. Eskers 
often reveal limited or little bedding, since they may 
have been quickly deposited under strongly deceler-
ating currents.

Kame deposits are widespread on the interior pla-
teaus, where they are often associated with meltwater 
channels and drainage divides. These deposits form 
a significant proportion of the surficial deposits in 
many interior valleys where the last ice stagnated, 
but are less common within the mountains. Kames 
tend to have good bearing strength, are permeable 
and generally well drained, although the highly 
variable bedding with included silt or clay layers may 
create perched water tables locally.

Proglacial outwash deposits (glaciofluvial depos-
its), laid down by meltwater streams draining away 
from the glaciers, are similar to postglacial fluvial 
deposits, and are found along many valleys as plains, 
terraces, raised deltas, and large fans (Figure 2.16). 

figure 2.16  View toward the Muskwa Ranges (northern Rocky Mountains) near Liard Hot Springs. In the foreground 
is a glaciofluvial delta issuing from the tributary valley and, below that, river terraces. (Photo: J.M. Ryder)
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Where meltwater transported chunks of floating 
ice, which were then buried, the outwash is pitted 
by kettles. These may be dry, or the depressions may 
contain ponds or marshes, forming small but ecolog-
ically significant wetlands. Outwash texture ranges 
from sand to boulders, sorting from none to well 
sorted. Stratification is mainly tabular, with foreset 
beds locally representing the preserved slipfaces 
of former bars. Where deposition was rapid and 
continuous, bedding may be absent. Deltas consist 
primarily of foreset beds. The landforms originated 
as braidplains, which may have remained active 
well after the end of glaciation, but most have been 
dissected and transformed into terraces in Holocene 
time as changing hydrologic and sediment supply 
regimes have caused the rivers to degrade. Outwash 
deposits (Figure 2.17) have good bearing strength 
and relatively high porosity and permeability. These 

deposits tend to be well drained unless the local 
water table is high. Some thick outwash bodies are 
important aquifers, such as the Abbotsford aquifer in 
the Lower Mainland. 

Glaciolacustrine (glacial lake) sediments were 
deposited in ice- or moraine-dammed lakes during 
deglaciation (see Figure 2.11 for major late-glacial 
lakes). Silt and fine sand are the common materi-
als, but coarser materials are found close to inflow 
points, including gravel fan-deltas at the mouths of 
mountain streams. Clays occur locally, particularly 
in parts of the Nechako Lowland. Bedding ranges 
from massive to laminated, and varves (annual 
rhythmic beds) are common in some areas. Where 
the thickness of the sediments is great, the upper 
surface (i.e., the old lake floor) is level. Elsewhere, 
fine sediments are draped over and reflect the pre-
existing topography of the lake floor. 

After the ice-dammed lakes drained, rivers and 
streams cut down rapidly into the glaciolacustrine 
sediments, leaving the remaining parts of the former 
lake floor standing as terraces (e.g., in parts of the 
Fraser, Thompson, and Columbia valleys) (Figure 
2.18). These tend to be gently undulating, not as flat 
as fluvial terraces, and commonly slope gently up-
ward toward the valley sides. 

Glaciolacustrine sediments are moderately cohe-
sive, especially where clay content is high, and will 
stand in vertical scarps controlled by vertical desic-
cation joints where they are relatively dry. They also 
display some degree of plasticity (depending on clay 
content and mineralogy) when wet. These materi-
als are highly erodible, so extensive gully systems 
developed rapidly after streams dissected the lake 
floors. Fine silts and clays have relatively low perme-
ability, which can give rise to perched water tables 
where piping (subterranean erosion) may initiate 
gullying. Perched water tables may also induce high 
pore pressures, reducing slope stability and initiating 
slump and flow failures at scarps and gully heads. 
The bearing strength of glaciolacustrine deposits is 
less than that of till and gravelly materials, but may 
be satisfactory for light structures. Drainage control 
is critical for the security of any activities on glacial 
lake terraces, especially near the crests of scarps. Ir-
rigation has induced massive failures of glaciolacus-
trine terraces in interior British Columbia.

Glaciofluvial and glaciomarine sediments were 
deposited in coastal areas when the sea level was 
relatively high at the end of Fraser Glaciation. Gla-
ciomarine sediments range from stony, silty clay (the 
stones dropped from melting, floating ice), which is 

figure 2.17  Quaternary sediments in Coquitlam Valley near 
Vancouver: interbedded outwash gravels and 
sands. Similar sediments underlie much of the 
Surrey upland of the Fraser Lowland. (Photo: 
J.M. Ryder)
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typically massive but may show faint stratification, 
to laminated silt and clay. In either case, mollusc 
shells are diagnostic, and distinguish stony material 
from similar basal till. As sea level fell, beach depos-
its—thin layers of sand or gravel—were developed by 
wave action on these glaciomarine deposits. Fine-
grained glaciomarine deposits have very slow drain-
age. Some clayey deposits retain very high pore water 
content in an openwork structure of clay minerals 
originally bonded by salt. These may be super-sensi-

tive (“quick clays”) and susceptible to liquefaction 
when strongly disturbed, as by seismic shaking, 
slope failure, or vibration of persistent heavy traffic.

Maps of surficial materials have been completed 
at scales between 1:20 000 and 1:250 000 for many 
areas in British Columbia. Many of the maps are not 
formally published. Mapping follows the Terrain 
Classification System for British Columbia (Howes 
and Kenk [editors] 1997).

figure 2.18  View upstream in Thompson Valley from Elephant Hill (Ashcroft). Colluvial cones overlie glaciolacustrine 
silts in the valley. The silts are prone to piping and mass failure when wet; significant landslides followed 
the inception of irrigated agriculture on the terraces. (Photo: J.M. Ryder)

holocene ePoch

Holocene History

The Holocene Epoch was designated to demarcate 
postglacial time and conventionally represents the 
last 10 000 years. The definitive end of the last glacia-
tion remains controversial because the date varied 
in different parts of the world. The figure is probably 

a reasonable generalization for British Columbia, in 
terms of radiocarbon years, but probably should be 
approximately 11 500 calendar years.3

During and following deglaciation of the British 
Columbia landscape, widespread glacial deposits 
remained on hillslopes and along valleys in positions 
that were unstable in the new subaerial environment. 

3 The chronology of the latest part of the Quaternary Period is often specified in “radiocarbon years” BP, since 14C assays on fossil organic 
material were the first, and have for over 50 years been the principal, means for estimating the absolute age of events within the last 
50 000 years (encompassing the Fraser Glaciation). Radiocarbon years and calendar years diverge, however, because of variations 
over time in the 14C content of the atmosphere. The divergence is large, 14C age being about 1250 years younger at the time of the final 
deglaciation, and approaching -2500 years about 15 000 years ago. The discrepancy, while not critical for ordering events, becomes 
important for those attempting to establish mean rates of postglacial landscape change. It is necessary to obtain the calendar age of the 
limiting reference surfaces to develop rate information. Correction tables are available. (See Walker 2005 for further details.)
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Substantial mass wasting and fluvial reworking of 
these deposits created a major “pulse” of sediment 
movement in the early postglacial landscape. This 
has been referred to as “paraglacial sedimentation” 
(see Ballantyne 2002). It worked its way through the 
smaller and steeper upland basins first, where sup-
plies of movable sediment were quickly exhausted. 
As the output from these basins moved downstream, 
larger drainage basins experienced a prolonged 
paraglacial sediment pulse. When the establish-
ment of forests and grassland stabilized postglacial 
slopes, paraglacial sedimentation largely ended. The 
most dramatic part of the process was completed 
before 7000 years BP, but its signal still affects the 
largest drainage basins, with the principal source 
of sediments today being the erosion of Pleistocene 
valley-fill deposits. Rock slopes debuttressed by 
glacial erosion also experienced an increased rate of 
failure in early Holocene times, so that many major 
rock slides occurred. The net result of this phase 
was the early Holocene development of talus slopes 
(Figure 2.19), colluvial cones, alluvial fans, and early 

Holocene floodplains, many of which are now dis-
sected. 

The Holocene climate has by no means been con-
stant. Warm, dry conditions characterized the ear-
lier half of the period, but a continuing modulation 
of climate with cooler, wetter conditions recurred 
approximately every 2500 years. In many parts of 
the province, landscape conditions are sufficiently 
stable that these fluctuations have left no major 
evidence. However, in more extreme environments 
at higher elevations, effects are preserved especially 
in records of renewed alpine glaciation. A resurgence 
of glaciers occurred at the end of the Pleistocene 
about 11 500 14C years BP (13 000+ calendar years) 
and is known locally as the “Sumas stade” (globally, 
it represents the end-Pleistocene “Younger Dryas” 
cold interval). Following that, known cold phases are 
approximately centred on 8000, 5500, and 3000 years 
BP; and within the last millennium. Each of these 
cold phases has been more severe than the last, so 
that the “Little Ice Age” of the last millennium, 
culminating in the 18th century, represents the most 

figure 2.19  The Rocky Mountains in the Continental Ranges near Elko. Cliff-forming Cambrian limestones stand above the 
glaciated valley. The cliffs are hemmed by talus slopes that are also subject to snow avalanches below the gullies  
cut into the upper slopes. (Photo: J.M. Ryder)
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severe conditions of the Holocene Epoch. Within 
the last three centuries, alpine glaciers attained 
their greatest Holocene extent but, since the early 
19th century, increasingly rapid retreat has been the 
norm. This implies that a transient pulse of para-
glacial sedimentation has occurred in our mountain 
landscapes within the past three centuries. Some of 
the geomorphic processes that we observe today in 
mountain valleys—including mass wasting and flu-
vial processes—may represent continuing relaxation 
from this recent “Neoglaciation.”

Neoglacial effects are not the sole complicating 
mechanism in the pattern of Holocene erosion and 
sedimentation. Fire and forest infestations, by af-
fecting the vegetation cover of the land surface, may 
have substantial transient effects on sediment mo-
bilization. The space and time scales of these distur-
bances are much more local than those of regional 
climatic trends, but may be hundreds of kilometres 
and many decades in the boreal forests. The history 
of such disturbances is regionally variable, as well, 
so that Holocene histories of landscape stability may 
be complex and will differ in their details in different 
parts of the province. The historical record is best 
preserved in sites of persistent sedimentation—lakes 
and bogs—and has not been studied in detail.

The Contemporary Landscape

The result of the tectonic, geological, and glacial 
history described above is the landscape in which 
we live. Because the province has a wide range of 
elevations, and because local climate is elevation 
dependent, hydrologic and geomorphic processes 
exhibit vertical zonation in the contemporary 
landscape (Figure 2.20a). Furthermore, because 
water and sediment move downhill, process regimes 
at higher elevations influence landscape processes 
and landscapes at lower elevations. In general, the 
steepest gradients are high in the landscape and near 
the origin of drainage, so that geomorphic “pro-
cess domains” may be mapped in a space defined 
by gradient and increasing area (Figure 2.20b). 
Hillslope processes of mass wasting dominate the 
steep topography at the highest elevations. Stream 
channels originate in humid mountains at drain-
age areas of about 0.01 km2 (1 ha) and debris flow 
processes dominate these steep channels. Fluvial 
processes dominate the movement of sediment in 
the landscape at areal scales greater than 1 km2 and 
on gradients of less than 10% (Figure 2.20b, plot 1). 
In glaciated landscapes, however, process distribu-

tion is modified by the glacial topographic inheri-
tance of upland glaciated valleys, which constitute a 
low-gradient sediment trap above the main valleys. 
Hence, decoupled high altitude and low altitude 
process systems may both exist (Figure 2.20b, plot 
3). The headmost cycle of erosion, mass wasting, and 
sediment deposition may occur within cirques and 
hanging valleys.

Sediment yield patterns reflect this complex topo-
graphic system (Figure 2.21). Relatively high sedi-
ment yields driven by mass wasting are experienced 
in headwater areas, followed by a sharp decline in 
sediment yield with a low near 1 km2, indicating 
sediment trapping and aggradation in upland val-
leys—mainly high-elevation glacial troughs.

After this point, a renewed increase occurs in 
sediment mobilization on the main valley walls 
below, where debris flows continue to be a prominent 
phenomenon in drainage basins of up to 10 km2. 
In larger drainage basins, fluvial processes become 
dominant. Locally, this transition is indicated by 
renewed deposition on valley floor colluvial fans 
and reduced sediment yield. Regionally, however, re-
newed uptake of sediments by direct fluvial erosion 
of Pleistocene valley fills creates increasing specific 
sediment yield and consequent landscape degrada-
tion in drainage basins of between about 10 and 
30 000 km2.

In British Columbia, the highest elevations 
remain the domain of rock, snow, and ice. Contem-
porary alpine glaciers and glacial processes continue 
to erode mountains above a glaciation limit that 
varies from about 1800 m above sea level (asl) on the 
southwestern outer coast to near 3000 m asl in the 
Rockies. The glaciation limit, which represents the 
lowest elevation of the mountain at which a glacier 
can persist, lies slightly below the regional average 
equilibrium line for the annual balance of snow 
accumulation and ablation. Below this limit lies a 
zone of rock and alpine tundra that is dominated by 
freeze–thaw and nival processes.

In areas with modest winter snow cover—the 
consequence either of modest winter precipitation or 
of snow removal by wind—lies an alpine periglacial 
zone (Figure 2.2) in which the ground may remain 
at subzero temperatures year-round. The severe 
climate promotes active freeze–thaw weathering and 
the production of rock fragments. Since the zone is 
mountainous and steep, it tends also to be a region of 
active mass wasting by rock fall and rock slides. 

This zone is also characterized by the presence 
of neoglacial deposits that may be eroded during 
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FIGURE 2.20  (a) Vertical zonation of hydrologic and geomorphic processes in the British Columbia landscape. 
(b) Geomorphic process domains and the distribution of topography in slope-area space. The 
basic concept is from Montgomery and Foufoula-Georgiou (1993), modified for glaciated  
terrain by Brardinoni and Hassan (2006), and further generalized for this presentation. Plot 1 
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summer by debris flows and running water. The 
possibility for major rock avalanches and for sudden 
drainage of moraine- or ice-dammed lakes lends a 
catastrophic possibility to geomorphic processes in 
this zone.

In the mountains, glacial valley floors below the 
summits define the lower limit of the nival–colluvial 
zone and are the site of a high-altitude fluvial do-
main, often with wetlands. These systems are often 
“hanging” above the main valleys and are decoupled 
from sediment transfers. Below this hanging sys-
tem, sediments are mobilized and fed into the main 
valley system by colluvial processes, including rock 
fall, debris slides, and soil creep, and by debris flows 
descending gullies on the steep valley walls. The oc-
currence of debris-contributing streams varies with 
climate; they may be separated by as little as 50 m 
along mountain sides on the exposed coast, and may 
decline to effective non-occurrence in the driest 
portions of the interior plateaus. Along the major 
valleys, clear fluvial dominance of drainage is estab-
lished at areas of about 10 km2. In the transition zone 
(1–10 km2), significant active landforms include col-

luvial fans and cones formed at the base of the valley 
walls by mountainside debris flows, and alluvial fans 
emanating from larger, fluvially dominated tributary 
valleys where slope declines and confinement is lost. 
Debris flow appears to be the dominant process by 
which sediments are delivered from hillsides to the 
main valley floors in the mountains today, although 
other colluvial processes—such as rock fall—may be 
locally important. 

Along the valley floors, glacial deposits continue 
to be modified in the contemporary landscape by 
fluvial erosion and by slumps and slides that result 
from the consequent removal of lateral support. 
Many of the rivers have become incised within 
their Pleistocene valley fills during Holocene time, 
so scarps in glacial sediments are common along 
many valleys. In fine-grained (e.g., glaciolacustrine) 
sediments, altered drainage conditions—includ-
ing irrigation—can produce piping, gullying, and 
slump–earth-flow type failures. In comparison, land 
surface erosion by running water is relatively rare 
since soil infiltration capacities generally exceed 
rates of precipitation. Exceptions occur on exposed 

FIGURE 2.21  Regional sediment yield pattern (after Church et al. 1989 and Brardinoni et al. 2009). The pattern of sediment yield 
is recognizably correlated with the slope-area distribution of landscape area, but the data exhibit a disjunction near 
1 km2: the mass wasting data represent a sample from a restricted region, whereas the fluvial sediment transport 
trend is based on province-wide data.
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mineral soils such as landslide scars, severely burned 
areas (where soils have become hydrophobic), and 
soils strongly compacted by machinery.

In the interior plateaus, an important varia-
tion occurs in the distribution of process domains 
(Figure 2.20b, plot 2). Here, the geomorphic process 
system often begins in an upper-level landscape of 
gentle gradient developed on glacial soils and featur-
ing abundant small lakes and wetlands. It then spills 
down through gorges in the bounding scarps into 
the major valleys and well-organized fluvial system. 
This “gentle-over-steep” terrain has no headmost col-
luvial system, but colluvial activity may be important 
on the side slopes of the major valleys (Figure 2.20a).

Soil Development

The most locally variable feature of the landscape is 
the soil, the final and often most important of the 
landscape features we have been considering. Soils 
form the matrix for plant germination and growth 
and the base foundation for most human-made 
structures. Soils influence water retention and drain-
age and disturbed soils present significant problems 
of erosion.

Soils (in the pedological sense) develop at the 
Earth’s surface as the consequence of mineral 
weathering and the admixture of organic material 
from vegetation in a particular climate. Climate is 
important both regionally and locally because char-
acteristic thermal and moisture conditions in the 
soil significantly influence the biotic and chemical 
processes that are important in soil formation. The 
word equation:

soil = f [ parent material, topography, climate, 
biota, time]

is often used to summarize the factors controlling 
soil formation. The first two of these factors have 
been directly considered in this chapter. Climate in 
British Columbia is strongly influenced by topogra-
phy and by distance inland (see Chapter 3, “Weather 
and Climate”), and biota is strongly influenced by 
climate. 

Therefore, we may expect some general cor-
relation between the geological and topographical 
features we have been considering and regional soils. 
In turn, soils and the biogeoclimatic zonation of the 
province have a discernable correlation, since biota 
is regionally influenced by the same topographic and 
climatic factors that determine soil types.

Soils, however, exhibit a great variety of morphol-
ogy in response to subtle variations in site condi-

tions, particularly moisture and drainage. A detailed 
map of soils would be considerably more complex 
than those of geology or surficial materials. To deal 
with this circumstance, soil classifications are gener-
ally hierarchical in nature. The Canadian system of 
soil classification employs five levels, the most gen-
eral of which are order and group (or great group) 
(Soil Classification Working Group 1998). The nine 
soil orders reflect regional factors of soil formation, 
chiefly climate and vegetation and hence organic 
matter accumulation, in determining soil character. 
Soil groups make these distinctions more specific 
and introduce factors based on drainage. Soil groups 
for British Columbia are mapped in Figure 2.22 
and brief descriptions follow. The nine major soil 
orders are Podzols, Brunisols, Chernozems, Luvisols, 
Gleysols, Organic soils, Cryosols, Solonetz soils, and 
Regosols.

Podzolic soils are formed in cool, humid to perhu-
mid climates beneath coniferous forests. Hence, they 
are widespread along the coast of British Columbia 
and, except at the lowest elevations, throughout the 
mountain regions. Formed as a result of intense 
leaching, these soils are characterized by relatively 
high acidity and strong profile development. Podzols 
also tend to develop on volcanic ash that is distrib-
uted over parts of southern British Columbia. 

Ferro-Humic Podzols occur on the perhumid 
western slopes of the Coast and Insular Mountains 
and feature accumulation of organic matter, iron, 
and aluminum in a Bhf horizon. Humo-Ferric Pod-
zols occur in slightly less moist mountainous areas 
along the lee side of the Coast and Insular Moun-
tains and in the Interior mountains. They display 
a red horizon (Bf) where iron and aluminum have 
accumulated, and less organic accumulation. 

Brunisols developed as a result of relatively minor 
modification of parent material, and the soil hori-
zons are less strongly developed than in soils of other 
soil orders. This is attributed to long, cold winters 
in the north and at high altitudes, lack of moisture 
in more southerly and interior areas, and, in some 
cases, because parent materials are young (such as 
recent alluvium). Consequently, Brunisols are often 
thought of as immature soils. They are characterized 
by a thick, pale reddish-brown (Bm) horizon and are 
found in slightly drier landscapes than Podzols. Two 
groups can be mapped on a regional scale. Dystric 
Brunisols (pH < 5.5) are found in relatively humid 
areas on somewhat acid parent materials, and are 
similar to, but less well developed than, Humo-Fer-
ric Podzols. Eutric Brunisols (pH > 5.5) occur in 
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FIGURE 2.22  Generalized map of Soil Groups for British Columbia (modified after Soil Research Institute 1972). 
(Minister of Public Works and Government Services Canada)



42

slightly drier areas under forest or shrub vegetation. 
Sombric Brunisols, which are patchily distributed 
in subalpine and alpine areas, are distinguished by a 
thick dark surface horizon (Ah) enriched by organic 
matter.

Chernozems are grassland soils of semiarid to 
subhumid regions. These soils are widespread in the 
valleys and on the plateaus of the southern Interior 
and are limited in the Peace River region. Their 
principal feature is a thick black surface horizon 
(Ah) resulting from accumulation of organic matter 
in the topsoil. Soil groups are Brown, Dark Brown, 
and Black Chernozemic soils, in order of increasing 
organic matter content and increasing soil moisture, 
and Dark Gray Chernozems, which are forest–grass-
land transition soils.

Luvisols are associated with forest vegetation 
(including mixed forest and boreal forest), parent 
materials that are base-saturated and fine-grained, 
and regions of moderate precipitation. These soils are 
characterized by leaching, which results in the accu-
mulation of clay to form a Bt horizon. Gray Luvisols 
are distinguished by the presence of an Ae (white, 
eluviated) horizon and are typically more acidic 
than other Luvisols. This soil type is widespread on 
the interior plateaus of British Columbia south of 
56°N and in the Rocky Mountain foothills of the 
Peace River region, where it commonly develops on 
clayey tills and glaciolacustrine sediments. Luvisols 
are found in more humid or colder regions than the 
Chernozems, so that profile development by leaching 
is more active.

Gleysols are characteristic of poorly drained 
areas. These soils are saturated for extended periods 
and exhibit reducing conditions; hence, mineral 
and organic matter transformations in the soil are 
curtailed. They are common on fine-grained parent 
materials, such as clayey till and glaciolacustrine 
sediments. Gleysols occur in association with other 
soils wherever seasonally wet areas occur and are 
grouped according to organic matter accumulation. 
Humic Gleysols have a thick humic horizon owing 
to the accumulation of untransformed vegetative 
matter. Orthic Gleysols lack this heavy accumula-
tion. Luvic Gleysols have significant clay accumula-
tion in the B horizon.

Organic soils develop in the wettest parts of the 
landscape, are saturated for most of the year, and 
are composed mainly of organic matter. These soils 
are distinctive because formation is related to in-situ 
accumulation of organic matter rather than modi-
fication of pre-existing mineral material. Organic 

soils are found in wetlands across the province, 
ranging from small kettle marshes to extensive peat 
bogs. Normally saturated organic soils are Fibrisols, 
in which the organic matter is poorly decomposed; 
these typify peat bogs in the northeast and on 
the Coast. Mesisols in the central Interior exhibit 
moderately decomposed organic matter, and locally 
occurring Humisols are highly decomposed. The 
other major class of organic soils is Folisols, which 
consist of organic matter draped over thin mineral 
soil or rock on mountainsides in very wet areas such 
as the windward slopes of the Coast and Insular 
Mountains.

Cryosols are associated with permafrost (Figure 
2.2), and are most widespread in the drier parts of 
the high northern mountains (where insulation from 
snow cover is least), and in the far northeast. Turbic 
and Static Cryosols are mineral soils of the moun-
tains, with horizons disrupted or not disrupted by 
frost heaving, respectively. 

Organic Cryosols are peat soils in the northeast 
with sphagnum peat that insulates and preserves the 
underlying frozen ground. These soils fall within the 
southern limit of the discontinuous permafrost zone 
(Figure 2.2).

Solonetz soils have significant sodium and (or) 
magnesium salt accumulations and are character-
ized by the presence of Bn (sodium accumulation) 
or Bnt horizons. Small areas of these soils—mostly 
in closed depressions—are scattered throughout 
the semiarid southern Interior, the salt having been 
transported into the depressions by drainage. In the 
Peace River region, Solonetz soils are moderately 
common on sedimentary rocks that have high salt 
content. These are mostly of the Solod order, which 
is characterized by highly advanced leaching and salt 
concentration in the B horizon.

Regosols show very little pedological develop-
ment, and are distinguished by the absence of any 
significant (>5 cm) B horizon, although there is usu-
ally some organic material in the surface horizons. 
These soils are found wherever local conditions have 
precluded soil development; that is, where parent 
materials are very young (sand dunes, river bars) 
or where weathering and soil formation occur very 
slowly, as on resistant rock. Thus, Regosol occur-
rence is relatively extensive in the high mountains 
and on steep slopes. Bare rock, also widespread in 
the mountains, is classified as “Lithic soil.” Lithic 
soils are often intimately interspersed with Podzols, 
Folisols, and Regosols.
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Human activities have become a significant factor in 
the geomorphic environment of British Columbia. 
Today, humans are the principal landscape-modifying 
agent in the province at all but tectonic scales. This is 
a recent development, both here and across the world. 
Humans have had a significant impact on the land-
scape for a long time, simply because of cumulative 
effects beginning with the first agrarian societies. 
Industrial societies, however, can also concentrate 
sufficient energy locally in the landscape to effect 
major changes in relatively short periods of time. 

Communication routes create artificial barriers in 
the landscape and often reorganize local drainage. 
Forest clearance for agriculture or for forest exploita-
tion modifies hydrology and land surface conditions, 
often creating conditions for accelerated soil ero-
sion, and urban land conversion produces the most 
dramatic changes of all.

In British Columbia, the most widespread impact 
on the land—though by no means the most severe, 
locally—arises from forestry activity. Effects on slope 
stability, soil erosion, and downstream sedimenta-
tion are a long-standing concern. Table 2.1 gives 
order of magnitude summaries of soil erosion rates 
measured in British Columbia and in the adjacent 
Pacific Northwest states for undisturbed terrain and 
for terrain subject to forest harvesting.

Much of the soil that is mobilized by both natu-
ral and human agencies does not travel beyond the 
base of the slope on which it originated. This picture 
is consistent with the distribution of geomorphic 
process domains discussed previously. Headward 
colluvial processes result in the accumulation of sed-
iments on lower slopes and on alluvial fans. Hence 
degradation occurs on upper slopes and aggrada-
tion at lower levels. Denudation, measured locally, 
declines from hillslopes to headmost drainage basins 
(Figure 2.21). Farther downstream, sediments are 
mobilized along the rivers, which continue to re-
entrain Pleistocene valley fill materials. In the British 
Columbia landscape, sediment yields increase stead-
ily with drainage basin area, up to about 30 000 km2 
(representing a linear distance of about 175 km). 
Significant sediment accumulation is occurring only 
on downstream floodplains and at deltas of large 
rivers. This situation is relatively exceptional in the 
world: most rivers worldwide appear to be aggrading 
because sediment mobilized from severely disturbed 
land surfaces is delivered to the rivers and depos-
ited in them. The most pervasive source of severe 
disturbance is agricultural activity: in comparison, 
the mainly forested wildland landscape of British 
Columbia remains relatively little disturbed.

TABLE 2.1 Annual sediment mobilization and yield from hillside slopes

 Mobilization rate Yield rate to stream channels

Process Forested slopes Cleared slopes Forested slopes Cleared slopes

Normal regime

Soil creep (including animal effects) 1 m3/kma 2× 1 m3/kma 2×

Deep-seated creep 10 m3/kma 1× 10 m3/kma 1×

Tree throw 1 m3/km2 – – –

Surface erosion: forest floor < 10 m3/km2 – < 1 m3/km2 –

Surface erosion: landslide scars,  > 103 m3/km2 1× > 103 m3/km2 1×
gully walls (slide area only)  (slide area only) 

Surface erosion: active road  – 104 m3/km2  104 m3/km2

surface  (road area only)  (road area only)

Episodic events    

Debris slides 102 m3/km2 2–10× ≤ 10 m3/km2 ≤10×

Rock failures: falls, slides  No consistent data: not specifically associated with land use.

a These results are reported as m3/km channel bank. All other results reported as m3/km2 drainage area. Generalized results after 
Church and Ryder (2001, Table 1).

human influence in the contemPorary landscaPe
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summary

This chapter has introduced the physiography and 
associated physical features of the province. The ap-
proach has been to present the major physiographic 
divisions of the province (Figure 2.1), a consequence 
of the historical development of the landscape, and 
to focus on the events that have influenced the recent 
development of the British Columbia landscape. 
Attention has also been paid to landforms, materi-
als, and soils, the features that make up the detail 
and the fabric of the landscape. In this way, the 

reader may understand the factors that have created 
the physiography and landscape of today in British 
Columbia.

The physiography has strongly influenced some 
important features of the natural history, and even 
of the cultural history, of the region that are impor-
tant to consider when practicing resource and land 
management. This topic will be discussed in detail in 
many of the following chapters.
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