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Introduction
The rocks of Vancouver Island, British Columbia, and the nearby Gulf Islands contain a stunning diversity of fossil life forms,
including trilobites, brachiopods, ammonites, gigantic marine reptiles and large palm fronds. These fossils record the story of the
changing environments and ecosystems that existed on and around ancient Vancouver Island. The purpose of this poster is to
provide an overview of the geologic history of Vancouver Island, and a general summary of the Islands’ ancient life, as
interpreted by examining fossils and other clues preserved in the rocks.
This poster summarizes the most common and interesting fossils of Vancouver Island, as well as the Island’s bedrock geology
and geological history. Most of the fossiliferous rocks on Vancouver Island fall into four different age groups: the Paleozoic
(Carboniferous- to Permian-aged) fossils of the Buttle Lake Group, the Triassic-aged fossils of the Vancouver Group, the
Cretaceous-aged fossils of the Nanaimo Group, and the Cenozoic (Paleogene- to Neogene-aged) fossils of the Carmanah
Group. Fossils preserved in the unlithified Quaternary-aged sediments that mantle the bedrock were also deposited during
Cenozoic. The colours of the fossil information blocks on this poster correspond to the colours of the rock units found on the
map and the stratigraphic column, as well as with the age-ranges on the geologic time scale. There are a few Jurassic-aged
fossils found on Vancouver Island, but they are not common enough to be explained here.

Fossils of the Cenozoic
The fossils of Cenozoic-age on Vancouver Island can be subdivided into two main groups: those contained in
the Paleogene- to Neogene-aged rocks of the Carmanah group, and those contained in the more recent
Quaternary-aged unlithifided sediments that were deposited during the last ice age.
The fossils of the Carmanah Group are mainly shallow marine faunas, including clams, barnacles, and snails
(Ludvigsen and Beard, 1997). Sharks teeth, as well as the bones and teeth of extinct types mammals,
including Cornwallius (a close relation to modern elephants and manatees; Ludvigsen and Beard, 1997).
These sediments are found on the beaches of the west coast of Vancouver Island, and are particularly well
exposed on the Hesquiat Peninsula, and the beaches south of Port Renfrew.
Unlithified Quaternary-aged sediments deposited by ice and ice-related waters are found covering the
bedrock in many locations all over Vancouver Island. These sediments have been found to contain fossils
ranging from pollen, to the shells of invertebrates, to the skeletons, teeth and tusks of now extinct mammals,
including mammoths and mastodons. Many of the marine Quaternary fossil locations on the island are found
well above current sea level. When global sea level rose at the end of the last glaciation (around 12,500 years
ago), the crust beneath Vancouver Island was still pushed down by thick ice, in some areas by as much as
200 m. Not surprisingly, the marine fossils from this time (such as the bivalve Nuculana sp.) are very similar to
those that now live in Arctic waters.

Vancouver Island is almost entirely underlain by the rocks of the Wrangellia Terrane. Wrangellia is an “exotic” terrane, which means that the rocks formed somewhere else and then were transported to the western margin of ancient North America, known
as “Laurentia”, by plate tectonic processes. The exact position of Wrangellia during its formation remains contentious; Wrangellian fossils of Permian age are similar to those found in Russia and Arctic Canada, while Wrangellian fossil of early Jurassic
age are more similar to those of the southwest United States (Mathews and Monger, 2005). This suggests that the ancient micro-continent of Wrangellia experienced significant movement before it was accreted onto the western margin of Laurentia.
The oldest parts of Wrangellia found on Vancouver Island were likely formed in the Panthalassa Ocean (ancient Pacific Ocean) during Devonian time. During the Devonian, continental land masses were starting to move together into the supercontinent
Pangea. Wrangellia would have been somewhere far to the west of Pangea’s western margin (Cannings et al, 2011). The Wrangellian rocks formed during the Devonian are known as the Sicker Group. The Sicker Group rocks were formed at an ancient
mid-ocean subduction zone. They include island arc volcanic rocks, associated intrusive igneous rocks and sedimentary rocks (Mathews and Monger, 2005). Volcanism ceased and the arc began to subside during Carboniferous to early Permian time.
Sediments accumulated and life flourished in the shallow ocean. The fossiliferous limestones, sandstones and argillite of the Buttle Lake Group were deposited on top of the Devonian volcanic rocks (Ludvigsen and Beard, 1997; Green et al, 2010).
Geologic conditions were relatively quiet until the middle Triassic. Then massive volumes of basaltic magma erupted through the Sicker and Buttle Lake Groups onto the ocean floor, resulting in an accumulation of volcanic rocks (the Karmutsen
Formation of the Vancouver Group) that is estimated to be about six kilometres thick (Green et al, 2010). The volcanoes that formed these basalts might have created a geological environment similar to the modern-day Hawaiian Islands. As volcanism
subsided, the volcanoes also subsided beneath the ocean surface and extensive reef systems developed, covering the volcanic rocks with fossil-bearing limestone (the Quatsino Formation of the Vancouver Group).
During Jurassic time the rocks of Wrangellia found themselves sitting on top of another subduction zone, and another volcanic arc erupted up through the rocks of the Sicker, Buttle Lake, and Vancouver Groups. The Bonanza Group and Island Intrusions
represent the surface and intrusive levels of this arc, respectively (Mathews and Monger, 2005). Not many fossils of Jurassic age are found on Vancouver Island, so they are not included on this poster.
Wrangellia likely collided with the western margin of Pangea sometime during the mid-Cretaceous, causing extensive tectonic uplift and deformation. By late Cretaceous time, Wrangellia found itself in proximity to the Coast Mountains (mainland British
Columbia). We know this because the Nanaimo Group sedimentary rocks contain detrital grains from the Coast Belt. There is significant controversy, however, about where these rocks were. Some researchers propose that these rocks were located
several thousand kilometers to the south, based on paleomagnetic data (Mathews and Monger, 2005). Fossil evidence seems to disagree with this hypothesis, though, placing Wrangellia and the associated section of the Coast belt only 500 kilometers
south of their present day position (Mathews and Monger, 2005). Regardless of their position, we know that the conglomerate-sandstone-shale sequences of the Nanaimo Group were deposited during late Cretaceous time, in a topographic depression
between Wrangellia and the Coast mountains, similar to today’s Salish Sea.
It is believed that by about 50 million years ago, during Paleogene time, the rocks of Wrangellia, the Nanaimo group, and the Coast belt arrived in their present position (Mathews and Monger, 2005). Around this time, two additional exotic terranes, the
Pacific Rim Terrane and the Crescent Terrane, were scraped off the ocean floor and accreted to the southwest margin of Wrangellia.
The accretion of the Pacific Rim and Crescent Terranes caused uplift and deformation in the rocks of Wrangellia (Ludvigsen and Beard, 1997; Mathews and Monger, 2005). As a result, new sediment was generated during Paleogene time that was
deposited on the west coast of Vancouver Island as the Carmanah group sedimentary rocks.
The most recent significant modification to the Vancouver Island landscape occurred during the glaciation that began about 2.5 million years ago, at the beginning of Quaternary time (Mathews and Monger, 2005). Throughout the Quaternary ice sheets
advanced and retreated, causing significant movement of rock materials. Massive amounts of bedrock were eroded by the ice and associated meltwaters, then these glacial sediments were deposited in thick layers that cover the bedrock in many
locations on Vancouver Island.

Fossils of the Cretaceous

Bedrock Geology of
Vancouver Island

The Cretaceous-aged Nanaimo Group sedimentary rocks host some of the most spectacular and interesting
fossils on Vancouver Island and surrounding Gulf Islands. The Nanaimo group is characterized by alternating
sequences of shale and sandstone-conglomerate that have been tilted and folded into their present day positions.
Most of the sedimentary rocks of the Nanaimo group were deposited in marine environments, however on the
southern part of the island, the older units of the Nanaimo group were deposited on land or very near shore.
These near-shore rocks contain some amazing examples of Cretaceous flora, including palms, ferns, and the
leaves and flowers of flowering plants (Ludvigsen and Beard, 1997). It is in these plant-rich near-shore
sedimentary rocks that most of Vancouver Island’s coal deposits are found.
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Metchosin Igneous Complex, mafic volcanics and intrusive rocks, including gabbro and leucogabbro,
trondhjemite, diabase, feldspar diabase, microgabbro and basalt sheeted dykes, submarine basaltic pillowed
flows, breccia, tuff, massive basalt, rare limestone, subaerial amygdaloidal basalt flows, and minor breccia.
Leech River Complex metasediments, including slate, phyllite, quartz-biotite schist, quartz-feldspar-garnet-biotite schist,
as well as metamorphic equivalents of greywacke, arkose, and interbedded volcanics.

Nanaimo Group

Nanaimo group clastic sedimentary rocks, including boulder, cobble and pebble conglomerate, coarse to fine sandstone,
siltstone, shale, and coal. Fossiliferous throughout.
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Upper Cretaceous giant palm, Pheonocites imperialis, located at
Vancouver Island University. Photo by Sandra Johnstone.

Nanaimo

Port Alberni

Vancouver group, including the basalt flows, pillow breccia, tuff and breccia, and massive flows of the Karmutsen formation, as well as
the various fossiliferous limestones, argillites and skarns of the Quatsino and Parson Bay formations (pink dashes).

Most of the Triassic-aged rocks on Vancouver Island are
of volcanic origin (the Karmutsen Formation), and have
preserved no fossils. Within the upper units of the
thousands of metres of basalt and related flows,
however, there are a few lenses of limestone and shale
in which the fossils of some bivalves and ammonites
are found. Above the thick package of basalts, there is
a cap of limestones and limy shales (the Quatsino and
Parson Bay Formations) that contain a more diverse
assemblage that also includes bivalves and ammonites,
as well as coral colonies, gastropods, and brachiopods
(Ludvigsen and Beard, 1997). A great place to view
Triassic-aged ammonites is on Quadra Island, at Open
Bay.

Sicker group, including basalt to rhyolite volcanic tuff, breccia, argillite, cherty tuff, pillowed flows, and tuffaceous sediment, as well as Buttle Lake
group (yellow dashes), including fossiliferous limestone, greywacke, argillite, chert.

When the eruption of the Sicker Group volcanics ceased during
Carboniferous time, the lime muds of the Buttle Lake Group (which
includes the well-known Mount Mark Formation) began to slowly
accumulate at the margins of the volcanic plateau. The conditions
were just right for marine animals to thrive, and the waters were
colonized by corals, brachiopods, bivalves, bryozoans, blastoids,
crinoids and trilobites (Ludvigsen and Beard, 1997). These fossils
are mainly preserved as molds and casts, since the original shell
material, calcium carbonate, has long since been dissolved by
geologic processes. Carboniferous- to Permian-aged fossils on
Vancouver Island are best viewed at Rift Creek, south of Port
Alberni, at Marble Meadows in Strathcona Park, and at Horne Lake,
west of Qualicum Beach (Ludvigsen and Beard, 1997).

Geologic Time Scale

Heteromorph ammonite. Photo by Graham Beard.

Upper Carboniferous brachiopod.
Photo by Ken Porteous.

Victoria

Eye of the Upper Carboniferous trilobite
Paladin sp. Photo by Ken Porteous.
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Pygidium of the Upper Carboniferous trilobite
Paladin sp. Photo by Ken Porteous.

Silicified Triassic ammonite, Open Bay, Quadra Island. Photo
by Sandra Johnstone.
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Upper Carboniferous gastropod.
Photo by Ken Porteous.

Triassic ammonites, near Port Alberni. Photo by Graham Beard.

The fossils and rocks of Vancouver Island tell the story of dramatic changes to landscapes and environments, through 400
million years of Earth’s history. By examining the Island’s fossil record we can track the changes from a remote island arc, with
abundant invertebrate life, to a landmass on the coast of North America that was home to abundant plant and animal life,
including now-extinct reptiles, mammals and birds, to the modern-day Vancouver Island.
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Leaf and flower from the Cranberry Arms locality,
near Nanaimo. Photo by Fran Benton.

Fossils of the
Tr i a s s i c

Bonanza Group, including massive and pillowed basalt to andesite flows, dacite to rhyolite lava, tuff, breccia, tuffaceous sandstone,
argillite, pebble conglomerate and minor limestone

Fossils of the
Carboniferous and Permian

60

Ferns from the Cranberry Arms locality, near Nanaimo.
Photo by Fran Benton.

Island Plutonic Suite, including granodiorite, quartz diorite, quartz monzonite, diorite, agmatite, feldspar porphyry, minor gabbro
and aplite intrusive rocks, ranging in age from 170 - 185 Ma.

Wrangellia
Te r r a n e

Nanaimo Carmanah
Group
Group

Carmanah group sedimentary rocks, including fossiliferous siltstone, shale, sandstone, pebble to boulder
conglomerate

Precambrian

Shark teeth and jaw, Hornby Island. Photo
by Sandra Johnstone.
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Elasmosaur tooth.
Photo by Fran Benton.

Courtenay

Legend modified from Earle (1996) and Massey (1994).

Bonanza
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Jurassic Cretaceous Paleogene

Middle to Late Triassic
Carb. to
Permian

Devonian to
Carboniferous

Quaternary-aged bivalve Nuculana sp.
from approx. 50 m elev. on Gabriola
Island. Photo by Steve Earle.

The Upper Cretaceous ammonite Pachydiscus hornbyense, Hornby
Island. Photo by Sandra Johnstone.

The rocks of the Nanaimo group can be seen on the east coast of Vancouver Island, and the nearby Gulf Islands.
Fossils are found throughout the Nanaimo group exposures, with some of the most spectacular sites being near
Campbell River, Brannen Lake in Nanaimo, and on Hornby Island.

Campbell River

Legend

Modified from Green et al (2010).
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Bones of the Puntledge Elasmosaur (below), including
paddle and several vertebrae. In total sixty-six
vertebrae were recovered from this fossil find, located
on the Puntledge River, near Courtenay (Ludvigsen
and Beard, 1997). The inset photograph (right) shows
a reconstruction of the skull of the elasmosaur. A
reconstruction of the entire skeleton is displayed at
the Courtenay Museum and Paleontological Centre, in
Courtenay. Photo (below) by Pat Trask (CMPC); Photo
(right) modified from Ginny Casey.

The marine fossils that have been discovered in the rocks of the Nanaimo Group show that during the late
Cretaceous there was incredible diversity of life in the seas off the west coast of ancient North America. Some of
the most common fossil animals found in these rocks include invertebrates such as the clam Inoceramus
vancouverensis, which can be up to a metre in size, as well as many different varieties of ammonites and
heteromorph ammonites, crabs, and lobsters (Ludvigsen and Beard, 1997). Some of the more impressive
discoveries include fragments of vertebrates such as shark vertebrae and teeth, teeth from mosasaurs (crocodilelike marine reptiles), bird bones, and even a few bones from a pterosaur (Ludvigsen and Beard, 1997). Arguably
the most spectacular Cretaceous-aged animal fossil from Vancouver Island is the skeleton of an elasmosaur that
was recovered from the banks of the Puntledge River in Courtenay in 1991. An elasmosaur looks similar to artists’
renderings of the Loch Ness Monster, with a long neck and tail, tiny head, and flippers to propel itself through the
water. Sixty-six vertebrae were recovered from the Puntledge Elasmosaur (Ludvigsen and Beard, 1997), and a
reconstruction of this amazing reptile can be viewed at the Courtenay Museum and Paleontological Centre.

Quadra Island

Paleogene-aged bivalve fossils in
Carmanah group conglomerate, near
Port Renfrew. Photo by Sandra
Johnstone.

Concretion-bound late Cretaceous crab. Photo by Fran Benton.
Giant Cretaceous ammonite discovered on the slopes of Mount Benson, near Nanaimo. Photo courtesy of Graham
Beard.

Map modified from Earle (1996) and MapPlace (Sept. 2013).

Twenty-five million year old tooth from
the swimming mammal Cornwallius
sookensis, Sooke Formation, Carmanah
Group. Photo by Marji Johns (RBCM).

The late Cretaceous bivalve Inoceramus vancouverensis, Hornby
Island. Photo by Sandra Johnstone.

NeogenePeriod(23-2.6Ma)

Cenozoic Eon - “The Age of Mammals” (66 Ma - present)

Quaternary Period
(2.6 Ma - present)
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