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Different rocks, different landscapes T
Rocks dictate our landscape and the location of and gravelg
resources, water, and people. Hard granitic and

metamorphosed volcanic and sedimentary
rocks form the central, mountainous spine
of Vancouver Island, whereas
sedimentary rocks underlie the more
habitable coastal lowlands. Belts of
limestone contain caves. The
mountains of central Vancouver
Island strongly affect the
region's climate by
producing a rain shadow
to the east and
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arecord of ¥ : ; \ Coastal challenges
ancient history ; ’ Sand deposited " 4 g
Ice age sand - e o~ Beaches and coastal cliffs can be
. / eroded, threatening nearby structures.
Harbours may ‘silt up’, requiring periodic
Ice age dredging to maintain navigable waters.
sand Earthquakes may trigger submarine ey
landslides or tsunamis that damage sandstone sy
docks and other coastal structures. layers ayer

R.JW. Turnsr

Cave-like hollow at
‘Malaspina galleries’,
Gabriola Island

Campbell
e The racks beneath our feet
record nearly 400 million ST g
years of Earth history. The : o L e e AR &
oldest rocks, referred to as - e ’_,._ A o oot 3 5 u
‘Wrangellia' by geologists, ‘ g G g e P — o Sy e o e e R : i
include limestone and volcanic /
o e e S eoscience ror centrar vancouver isiana communiues
ocean. These rocks are cut by granite
that was injected in a molten state and later -
cooled and solidified. During the ‘age of dinosaurs’, o B " L e ot
the rocks of Wrangellia were buried by sediments o »
that transformed into sedimentary rocks of the
‘Nanaimo Group’, now the foundation of Nanaimo.
Finally, a partial blanket of glacial till, sand, and
gravel was left behind by glaciers during the ice age.
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P i > Different geological

: 7 materials create different
coastlines. Hard granitic,
volcanic, and metamorphic
rocks form steep rugged
headlands, whereas soft
sedimentary rocks are
sculpted into bays and
channels. Thick, loose
glacial sediments
commonly erode into
unstable cliffs. Deltas and
estuaries form where rivers
meet the sea and deposit
sand, gravel, and mud.

Sand and mud
deposition in
estuary

Courtenay Delta sand

and mud
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Mud settles
to sea floor
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Weird
weathering

Sandstone
shorelines can
weather into strange
forms. Examples in
the Nanaimo area
include the cave-like
‘Malaspina galleries’
and honeycomb
weathering along the
shores of the Gulf
Islands. The cause
of the strange shapes is related to variation in the
mineral cement that holds sandstone together.
Cemented sandstone is more resistant to erosion
and forms ridges, ‘lips’, and cannonball-like
‘concretions’, whereas sandstone that is only
partially cemented will erode more easily, resulting
in depressions and caves.

Shaping the coast © Resistant metamorphic rocks form rocky
headlands while soft glacial deposits

erode into sandy beaches, Long Beach,
Pacific Rim National Park
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Fantastic beaches
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Vancouver Island's famed
beaches, including those at
Parksville and Qualicum
Beach on the east coast
and in Pacific Rim National
Park on the west coast,
occur where waves erode
sand and gravel from cliffs
of glacial deposits or from
river-mouth deltas. During
winter, many beaches
shrink as storms move
sand offshore. The sand is
carried back to the
beaches by smaller waves
and currents in summer.
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The 14 m long Elasmosaur is on "dpd‘v.unt.relﬂ\.'
display at the museum in Courtenay,

Victoria http:/iwww.courtenaymuseum.ca.
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occupied this region for 10 000 years, sustained by an equable
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4 Former coal mine

I Trace of coal

Our glacial landscape

Glacial maximum: The big freeze

QOur landscape carries the
legacy of ice age glaciers.

‘eg dcy Of tbe Mount 17 000 years ago
Glaciers carved sharp

Arrowsmith
J ~a
mountain peaks, steep U- ‘ lce d’e‘
shaped valleys, and fiords. . Brannen
Glaciers also left thick { : i : “ﬂim

blankets of sediment in our
lowlands and valleys that
include gravel used for
construction and sand that
forms our beaches. Soils
developed on these
sediment blankets support
our forests and farms.

The most recent glaciation
Future site — began about 35 000 years ago
of Nanaimo ‘_‘_\ when climate turned much
- colder and wetter and glaciers
began to grow in the nearby
mountains. Glaciers flowing from
"‘3'23?5;2? Vancouver Island and the Coast
land Mountains filled the Strait of
Georgia with 2 km of ice and
buried nearly all of Vancouver
Island. Craggy Mount
Arrowsmith protruded above the
ice as a 'nunatak’, whereas
lower peaks, such as Mount
Benson near Nanaimo, were
completely overrun, rounding
their summits.

Granitic
rock
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Iseam ;\gp d|in highway, cull N Aerial view of Nanaimo harbour looking northwest (& Chris Cheadle)

The big retreat:
Sand and gravel: 14000 years ago

Eighty-five per cent of the population of central 5 &
big business

Vancouver Island live on coastal lowlands underlain by
sedimentary rocks. These lowlands have formed over
geological time by the relatively rapid stream and
glacier erosion of the weak sedimentary rocks. In
contrast, more resistant volcanic and granitic rocks
form rugged mountain landscapes that are generally
unfavourable for settlements.

The petroglyph of the semiaquatic seawolf etched into
sandstone near Nanaimo emphasizes the connection
between land and sea integral to coastal cultures.

Che-wech-kan peoples of Nanymo Bay first
brought coal to the Hudson's Bay Company
Fort Victoria in 1849. Soon thereafter,
Hudson's Bay Company opened mines at
Nanaimo to provide fuel for coal-burning
steamships. Other companies and owners,
including Robert Dunsmuir, opened mines from
Ladysmith to Port Hardy. Working conditions
underground were harsh; about 700 men died
mining coal on Vancouver Island. The coal
industry declined during the 1950s as coal was
replaced by fuel oil. Only the Quinsam coal
mine near Campbell River operates today.

Rivers flowing into the Strait of Georgia Future site

at the end of the ice age left thick sand Vancouver of Nanaimo By v | 28fa5e clamsin lacialleedimenty
and gravel deltas where they met the Island > o T AT

sea. These deltas now lie high above - | T~ % .

modern sea level because the land rose ¥ s W B tea‘Siecc @B
after the weight of the -. . Georgia
glacier ice was

removed. lce age
sands and gravels
are mined in pits and
used to produce
concrete and asphalt,
and as fill for road
construction.

Coal is found only
in sedimentary rocks

o

Nanaimo ‘island’
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Tropical
Nanaimo!

Glacier retreat from
depressed landscape
allows flooding by sea

About 16 000 years ago, climale warmed and glaciers began to retreat
As the glaciers melted, the sea covered low-lying arez
the weight of the ice. Clam shells in ancient seafloor cla
2 le e that much of Nanaimo w
thereafter, the land

Courtesy of K. Keichen
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Caves and karst

What is karst?

Vancouver Island: queen of caves

Vancouver Island has the highest density of
caves in Canada and some of the longest
and deepest caves in the country. All of the
caves occur in limestone or marble. The
caves are decorated with delicate stalactites
and stalagmites formed over countless
centuries by dripping water.

Caves and karst:
only in limestone

- Limestone

Cracks in
limestone |

Courtesy of Nanaima Cammunily Archives Society

Karst is unique landscape formed by the underground erosion of rocks such as
limestone and marble that dissolve in water. Rainwater, made acidic by carbon
dioxide from the atmosphere and soil, slowly infiltrates cracks in limestone and

marble, dissolving the rock and enlarging the openings. If these l

Risky ground openings become large enough for humans to enter, they are termed
Disappearing
stream

caves. Caves, however, form only a tiny part of most karst areas.
Karst openings support unique ecosystems that include plants,

bacteria, crickets, spiders, fish, and small
mammals adapted to this dark, but little changing
Valcanicl,
rock e

The ground above
abandoned coal mines,
can subside, damaging
buildings, roads, and
other structures;
however, subsidence
can be minimized by
reinforcing building
foundations or by filling
the underground mines.
Concrete caps have
been placed on old mine
shafts in Nanaimo,
including one shaft
beneath a house! Coal
waste can
spontaneously ignite, as
happened once under
the centre of Nanaimo.
Most of Nanaimo's
abandoned mine
workings are now
flooded by groundwater.

Cave and underground stream
witl}n_ﬂlbd layers of limestone

environment.
Cave cricket

Courtosy of P Griffiths
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record an environment very different from
that of today. Sand, gravel, and mud
eroded from coastal mountains
accumulated along shorelines and on
the seafloor. Decaying vegetation
in swamps accumulated as layers
of peat that later transformed
into coal, oil, and gas. Eighty
million-year-old fossil leaves,
flowers, nuts, turtles, clams,
snails, lobsters, crabs,
and sharks can all be
found in the
sedimentary rocks.
Some of the animals, 5
including g . 4 r ¥ — ~ 4 - : S Strait
ammonites, » - 7 ) " ’ . - ; . 4 ) ~ X S of
mosasaurs, and i g ’ - J . .
elasmosaurs, Georgia
are long
extinct.
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Aerial photograph
showing the extent
of underground coal
mine workings in
Nanaimo (green)

Courtesy of . Gaffths

A vulnerable landscape
Higher risk area

Volcanic and

sedimentary rock

\ Caves and karst develop slowly over tens of
thousands of years or longer. Areas of karst
landscape require careful management, as
sensitive underground features can be
damaged by surface activities such as road
building or logging that alter the underground
flow of water and air.
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landslide!

When slopes fail

Manon \iﬂﬂslide block Landslide on

Vancouver Island
cuts road

Landslides are common on the steep wet slopes of
Vancouver Island. They may be large or small, rapid or
slow, natural or human-induced, but they generally require
steep slopes and a trigger such as rain or an earthquake.

1946 y 2001
Vancouver Island Nisqually, Washington

earthquake earthquake Most larger towns and cities get their water

Shake maps

Tlus is
earthquake
country

vy Damage
As Quake Hits

1946 earthquake

Canada's largest recorded earthquake on land,
measuring 7.3 in magnitude, occurred west of
Courtenay on Sunday morning, June 23, 1946.
Damage was light because few people lived in the
area, children were not
in school, most buildings
were small and made of
wood, and there were
few dams or bridges.
When the next major
earthquake strikes
Vancouver Island,

magnitude 7.3

Lions Gate
Bridge sways
wall collapses y T //
® Vancouver
Port Alberni:

Victoria
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chimneys. Water L=
mains break Buildings!
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General alarm.

- VIl Difficult to stand.
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I:I VI Difficult to walk.
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Post Office \
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« Vancouver
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Terranes:
geological immigrants

Much of the rocks that underlie
British Columbia formed
elsewhere and were transported
here in the distant geological past.
The margin of the North American
continent has grown westward
from the Alberta border by the
addition of exotic fragments of the
Earth's crust, which geologists call

Our water supply

e =

from reservoirs in managed watersheds, but
some small communities on Vancouver Island,
and most rural residents, depend on wells that
tap into
undergound
water
supplies.

Underground water, or ‘groundwater’, is produced by seepage of
rainwater, snowmelt, and stream waters into rocks and sediments.
Groundwater commonly resides in fractures and holes in bedrock

Water from underground

Groundwater supplies can be depleted by overpumping. The
water table drops when more water is pumped from the ground
than is replenished. Groundwater can also be contaminated by

Planning for development on or near unstable slopes
requires careful assessment of the risk. Where the risk is
too high, development should be avoided.

caused by
poor road
construction |

il Debris B
flow in [
stream
channel

Rockfall

JPortland and sediments. Water wells tap into this underground water
supply. The quality of groundwater is often good, but it can be
damaged by human contaminated

water that percolates down from

the surface. Some

groundwaters are naturally

contaminated with

elevated levels of iron,

hydrogen sulphide,

or fluoride.

salt water in coastal areas. A boundary exists between fresh
groundwater under land and salty groundwater beneath the Strait
of Georgia. Coastal wells near this boundary
may pump salty water some of the time.
Overpumping increases this
problem as saltwater is
drawn toward
the well.

‘terranes’. Wrangellia Terrane,
which forms most of Vancouver
Island, originated within what is
now the Pacific Ocean and was
transported northeasterly to collide
with North America about 100
million years ago. The force of
this collision crumpled North
American rocks as far to the east
as the Rocky Mountains

(H'MNEVS T0PPLE damage and loss
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BUILDINGS CRK /

1946 vs. 2001
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Road disrupted by landslide g
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Today, few residents of
Vancouver Island remember the 1946 central Vancouver Island earthquake, although most of us felt the
Nisqually earthquake of February 28, 2001. The 2001 earthquake produced less shaking than the 1946

earthquake, partly because it was a smaller magnitude, and partly because its source was deeper in
the Earth's crust. Nonetheless, damage from the 2001 earthquake exceeded $2 billion dollars.
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Uing An :'Uaﬂy ;T;::(-; Nanaimo's drinking water comes

< Orage - from melting snow and rainfall that feed two large

== reservoirs in the mountainous watershed of the

Nanaimo River. These reservoirs impounded by
the South Fork and Jump Creek dams provide an
adequate water supply for both our thirsty
population and year-round flow in the Nanaimo
River.
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seismo/table. htm
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The January 1700
Megaquake

Why is this earthquake country?

Courtesy of Cily of Nanaimo
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A destructive tsunami, triggered
by the huge Alaska earthquake
of March 1964, struck the west

The lithosphere, Earth's brittle outer skin, is divided into large ‘plates’ that
continuously move towards, away from, or past each other. Stresses occur in

Tsunami hazard

coast of Vancouver Island. The
first wave arrived in Port Alberni

Great subduction zone earthquakes
release 30 to 100 times more
energy than the 1946 earthquake,

the Earth where plates push together or past each other. Occasionally, rocks

rupture along a fault, causing energy to be released as an earthquake.

Sites with geological
%  evidence for large
prehistoric tsunami
I High tsunami run-up potential (1 to over 15 m)
[ intermediate tsunami run-up patential (1-5 m)
Low tsunami run-up potential (<2 m)
[ Local tsunami potential in mainiand inlets

about six hours after the
earthquake, and four more

were inundated, whereas
others floated off of their

major waves arrived over the
next seven hours. Some homes

foundations into Alberni Inlet!

Courtosy of Lucky Priniors and Stationors Lid.

Damaged car, Port Alberni 1964 tsunami

but fortunately occur only once
every 500-600 years, on average.
The most recent of the great
earthquakes, in January 1700,
triggered a tsunami that destroyed
First Nation villages on the west
coast of Vancouver Island.

Vancouver Island experiences frequent earthquakes because it is close to the
western margin of the North America Plate. The oceanic Juan de Fuca Plate
dives down into the Earth's mantle beneath Viancouver Island, creating the
stresses that are responsible for earthquakes. Damaging earthquakes on
Vancouver Island can occur within the North America Plate, much deeper
within the Juan de Fuca Plate, or at the boundary between these two plates.

Timber harvesting in Nanaimo's watershed can

RJW Tumer
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Water table|
before
pumping g
-

Sandstone

Salty

increase soil erosion and thereby the amount of silt
and clay in our reservoirs. Silt and clay poses no
direct threat, but it does reduce the effectiveness
of chlorine in killing potentially harmful water-borne
microorganisms. The City of Nanaimo has a
comprehensive water-testing program to ensure
water quality and protect public health.

. Water table
Fractured mudstone layers like these exposed r F Fresh - groundwater
in road cuts near Duke Point are important pumping e T
groundwaler aquifers in this region. groundwater-lﬁj/:
- F:uu-\cary before Mitone
pumping

Salt water
intrusion | | _--

Courtenay and District Museum and Palaeontology Centre: P. Trask. Vancouver Island Paleontological Museum: G. Beard and T. Beard.
Horne Lake Caves Provincial Park: R. Varela. City of imo, ing and Engi ing Department: P. Kristensen. Terra Firma
Geoscience Services: T. Siokes. Cave Management Services: P. Griffiths.

Others: D. Pawliuk, G. Cathyl-Bickford, and A. Young.
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