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ABSTRACT
A CROSS-CURRICULARUNIT OF STUDY FOR SCIENCE 20:

THE BURGESS SHALE FOSSIL BEDS

The Burgess Shale Fossil Beds in Yoho National Park offer Science 20 students an
opportunity to learn about geologic processes, the history of life on earth, and the rich
heritage of a precious landscape. By exploring the fossil beds themselves and their
surrounding environs in a cross-curricular approach, it is possible to transcend the

exclusive nature of geologic science and make it more accessible to those who would
otherwise be intimidated to learn about it. This work is a collection of lesson plans and
resources in a textbook format for teachers to use in whole or in part when learning about
these fossils and the processes that created them.
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CHAPTER 1

INTRODUCTION

Perhaps owing to the difficulties associated with understanding geologic time or the
frustration of studying a complex science, Earth Science has barriers that prevents many
students from becoming interested in the wonders of the Earth. After all, Earth Science is
complicated - as it requires understanding enormous lengths of time that chronicle the
biologic history of Earth's earliest life forms, the chemical shaping of rocks and minerals,
and the physical forces that create landscape. Indeed, time is likely the greatest challenge
in teaching Earth Science as most students think of time in the form of hours, days or
weeks and not on the grand scale of hundreds, thousands and millions of years.

In an effort to help students understand Earth Science, this project has endeavoured to
create n field-based unit of geologic study in an area that demonstrates important cultural
and scientific value as a possibte avenue through these barriers: the Burgess Shale fossil
beds of Yoho National Park. Located in the Rocky Mountain Ranges spanning both sides

of the continental divide that Alberta and British Columbia share, Yoho National Park is
a UNESCO (United Nations Educational Scientific and Cultural Organization) site of
1,3 13 km?. The Burgess Shale Fossil Beds and the surrounding landscapes provide the

environment required for students to examine critical topics in Earth Science such as
mountain building, the history of life and climate change.

The purpose of this study is to develop a series of cross-curricular lessons using the
Burgess Shale fossils as a conduit to increase understanding and appreciation of the Earth
and Earth Science. By providing alternative methods of teaching the science of Earth's

history, it is hoped more students will recognize the significance of this national treasure
and the mechanics of how it came to exist-

This is a curriculum-connected study with preparatory and post activity support. The
intent is to offer a natural world experience that reflects an outdoor field study component
for Science 20. The study is designed essentially as a textbook to be used as an integral
part of the Alberta Education Science 20 (Grade 11) Program of Study Requirements.
The content is also consistent with the 1997 Pan - Canadian Protocol General Learning

Outcomes (GLO's) for Earth Science. While the lessons in this study are designed
around specific disciplines, an examination of the activities' objectives, skills and
cumculum connections will demonstrate that they have been written using Art, Language
Arts, History, Physical Educ;Lc)n and Social Studies.

Why use the Burgess Shale to teach the Earth Science unit of Science 20?
The following questions were framed as guidelines to developing the study.
The Burgess Shale fossil beds and the surrounding environment of Yoho National Park is

an ideal location for teaching Earth Science topics in Science 20 because:
1. There is tangible and dramatic evidence of the process of mountain building and other

Earth Science processes.
2. The fossil beds offer one of the best places in the world to view the preservation of

fossilized soft body parts from such a diverse number of taxa that can be accessed by
students and the general public.
3. As noted author Stephen J. Gould in his 1989 book Wonderfrtl Life contends:
"As its primary fascination, the Burgess Shale teaches us about an amazing

difference between past and present life: with far fewer species, the Burgess
Shale - one quarry in British Columbia, no longer than a city block contains a disparity in anatomical design far exceeding the modem range
throughout the world!" (p. 62)

Can these lessons be used with the Science 20 Curriculum?
Yes. Field based studies have long been recognized a significant part of learning earth
science. A weakness of the current Science 20 The Changing Earth unit is that it could

be taught without ever leaving the classroom. Interestingly, the Alberta Program of
Studies never implicitly suggests that fieldwork be required when teaching this unit.
Considering many of the intended learner outcomes are to make inferences and
conc1usions based on geologic evidence, a logical step would be to have the class go to an
environment where rocks can be found and conduct a field study.

In an effort to address

this weakness, some consideration was made to include elements of cumculum structure
from the International Baccalaureate Program (IB) of GeographyIEarth Science Studies,
where fieldwork is recognized and required as imponant criteria.

The IB equivalent for the Science 20 unit includes an emphasis placed on geologic
landforms, ecosystems, topographic mapping skills and fieldwork exercises. The IB
program reflects a unitary approach to Geography/Earth Science in which Human and
Physical elements are seen as complementary and mutually reinforcing. Fieldwork is a
recognized and essential part of this approach, and for the higher level GeographyjEarth
Sciences course currently offered in the IB system, field research and a field research
paper represent 20% of the students overall evaluation. Thus, when creating these
lessons, a consideration was made to model the IB using a similar percentage of fieldwork
criteria to address the Specific Learner Expectations of the Science 20 cumculum.

What personal research and experience were used to develop these lessons?
L Mteaching
~
experience at Upper Canada College (UCC) (an independent boys boarding
and day school) in Toronto, Ontario produced a related curriculum design. A grade 1 I

Geography field study component, based on guidelines from the International
Saccalaureate system (I"),was designed and implemented (by myself and colleague Peter
McLeod) into the UCC curriculum. I evaluated the field-based curriculum in a paper at
the University of Calgary in 1995-1996. The components of my Grade 11 five-day field
study included instruction in field study methodology, practical preparation for living
outdoors and examining the geography and geology of Killarney Provincial Park (450 krn
North of Toronto).

What process was followed in developing these lessons?
This study consisted of several stages to develop these lesson frameworks:
1. Determine a working definition of a cross-curricular framework.

2. Gain an overall perspective of a field based and cross-curricular approach to teaching
earth science for high school students.

3. Understand the geologic significance of the fossil beds and their environs.
4. Identify related topics in Science 20 that could benefit from using the Burgess Shale

Fossil Beds.

5. Visit the fossil bed quarries and explore the surrounding rcgion to determine potential
lesson topics.
6. Formulate a series of lesson plans to demonstrate the geologic processes and the
significance of the fossil beds that compliment the Science 20 curriculum.

What is the definition of a cross-curricular framework?
Interestingly, the Latin derivative of the word 'curriculum' means 'racecourse'. Perhaps
this definition is in part owing to the metaphor represented by a racecourse - as a series of
obstacles that must be overcome on the way to completing a task. Whatever the case, the
one common understanding of t!he word in modern context is a course of subject matter
studies. Even today, however, such a succinct definition is not altogether accepted.
Connely & Lantz ( 199l), feel this notion has been widely criticized, modified and
replaced in modem literature. Further, they suggest that
"Currently, there is no widely accepted definitio.1 of the term. Its definition
varies with the concepts that a researcher or practitioner uses in his or her
curricular thinking and work. There is, therefore, no way of specifically
defining curriculum outside of the context of a particular study, paper,
presentation, or policy document under discussion. Some writers stipulate
their working definition while others define the term by implication in what
they say or do. Definition flows from the concept in use." (p. 15)
The definition used for creating this unit follows one put forth by H. Taba in 1962. It is a
definition that is as complex and simple as the myriad of possibilities in teaching. Quite
simply, a curriculum is a plan for learning. (Taba, 1962)

Where does this unit tit into the Science 20 curriculum?
This study is intended to be used a resource for teachers instructing the Science 20, Unit
I: The Clznnging Earth. It is not designed as an 'add-on' to the existing framework;

rather, it directly addresses the Specific Learning Expectations (SLE) from the Alberta
Program of Studies. Essentially, a teacher could use a portion or all of these lessons to
compliment the concepts described in the curriculum. Included below is a list of the
concepts where this unit interfaces with the Science 20 Alberta Program of Studies and
the Pan-Canadian Science Protocol. More specific connections are included at the
beginning of each lesson.

Curriculum Connections
Alberta Program of Studies, Science 20, Unit I: The Changing Earth
The Clznrzgirzg Earth is a unit that builds upon Science 8, Unit 4: The Earth 's Crrtst; and

Science 10, Unit I: Erzergy from tlze Sun. (Alberta Education, 1994).
The four major concepts developed in this unit are:
Forces within Earth cause continual changes on Earth's surface.
Paieontology, the scientific study of life, uses fossils as the primary source of data.
The fossil record indicates that the environment and life forms on Earth have
undergone a sequence of changes over more than 3.5 billion years.
The geologic record indicates that dramatic variations in Earth's climate have
occurred throughout geologic time and especially over the last two million years.

The Pan-Canadian Protocol Science Learning Outcomes for grades 11

- 12.

The Pan-Canadian Learning Outcomes for Earth Science are:
Describe theories and evaluate the limits of our understanding of Earth's internal
structure.
Classify rocks according to their structure, chemical composition, and method of
formation.
Describe interactions of components of the hydrosphere.
Illustrate the geologic time scale and compare to human time scales.

Compare and contrast the principles of uniformitarianism and of catastrophism in
historical geology.
Describe geological evidence that suggests life forms, climate, continental positions,
and Earth's crust have changed over time.
Relate plate tectonics to the processes that change Earth's surface.
Describe historical and cultural contexts that have changed evolutionary concepts.
Evaluate current evidence that suggests the theory of evolution and feeds the debate
between gradualism and punctuated equilibrium.
Outline evidence and arguments pertaining to the origin. development and diversity o;
living things on Earth.

Are there other examples of earth science lessons designed in a similar style?
Currently there are no published cross-curricular lessons that use a field study on Burgess
Shale Fossil Beds for complementing the Science 20 curriculum. However, there are
several studies that have been developed to meet an increasing demand for field based
learning strategies.

Glenn (1996) and Whisonant (1998) have written some excellent examples of crosscurricular field studies that have been used to demonstrate geologic processes. In both
cases, the authors used studies in history, art, economics, geography and literature as the
key subject areas for explaining their earth science topics.

Glenn ( 1996) explored a description of ciimate change during The Little Ice Age (global
cooling between 1450 - 1850) by detailing several historical events that occurred during
that period. These included the settlement and demise of Norse Greenland Colonies, the
freezing of the river Thames in London, the Great Fire of London, the landing of the
Pilgrims at Plymouth, and the Battle of Trenton and George Washington's encampment at
Valley Forge during the American Revolution. This creative example of drawing
together the 'Grand Cycle' of Earth's geologic processes with historical reference is the

sort of connection that can attract non-scientific minds towards an appreciation of basic
geology.

Similarly, Whisonant (1998) found that geoscience teachers are uniquely positioned to
explore linkages between natural sciences and social sciences such as history, economics
and geography.
"Developing such connections is important because geologists, like all
natural scientists need to better explain to students and the general public
why science is important and how it affects our Lives." (p. 32 1)
To illustrate this, Whisonant (1998) presents relationships among geology, geography and
United States Civil War history in south-western Virginia. This is achieved by examining
the reason behind important military actions taken by the North to destroy the strategic
resources of the South's lead and salt in the Cambrian carbonate rocks of the Mississippi
Valley. Whisonant's parallels provide new methods for earth science teachers to reach a
variety of audiences. Promoting such geo-literacy and increasing earth science awareness
is something in which all geologists should participate (Whisonant, 1998).
Using cross-curricular subjects like the liberal arts as a route to rejuvenate g e o l o a
education is also suggested by Romey (1990) and Carpenter (1996). Romey also suggests
extended field trips (longer than the traditional one day in and out). These field studies
should also focus on the development of art and culture and apply these disciplines to
geologic processes. In short, a liberalized vision of geology integrated into a wide range
of human interests needs to be created (p. 203).
While these cross-curricular works are from American authors, there are examples of
Alberta educators who have created field-based lessons for Earth Science using a crosscurricular approach. The Kananaskis Country Environmental Education Program has
writ ten two field-based cross-curricular programs: the Earth Scierzce Activiv Guide, and
Written in Srorze. Both of these publications utilize creative and effective lessons that

meet the Specific Learning Expectations of the Alberta Program of Studies.

Are there educational materials or opportunities to learn about the Burgess Shale?

Drsing the month of November of 1997, the Yoho - Burgess Shale Foundation (a nonp r o 2 organization promoting education of the fossils) created a full-time position entitled
the Earth Science Education Co-ordinator. The co-ordinator has been awarded the task of
creating a science-based course of studies using the Burgess Shale for all levels of the
curriculum. The co-ordinator is also responsible for earth science interpretative hikes to
the .Mt. Stephen and Burgess Shde Fossil Beds. After discussions with the co-ordinator
(May, 1999) it was learned that several lesson templates for all grades have been
developed and the Burgess Shale Foundation intends to have them formalized by August
2 1'' - 23'*, 1999 for piloting.

Another educational initiative hits been the creation of a high school enrichment program
led by two University of Calgary Geologists. Dr. Charles Henderson and Dr. Wayne
Powell (retired from the program in 1998) have been serving as mentors for the Burgess
Shale High School Research Program. The program involves the co-operation of the
University of Calgary, the Yoho-Burgess Shale Foundation and Parks Canada. For the
last three years, grade 1 1 and 12 students from Canmore, Banff and Golden Secondary
have been participating in this project. To date, field based research projects have
included a study of fossilization processes at the Mount Stephen fossil beds, determining
the peak temperature the Burgess Shale fossils have endured in their history, and the
search for trace fossils in the Burgess Shale fossil beds.
How is this study laid out?

This study is divided into eight working chapters. At the beginning of each chapter, there
is an introduction that briefly explains what to expect and an overview of the contents.
Within the lessons themselves, there is an organization framework that provides the
objectives, curriculum connections, materials list, time requirements, suggested locations,
and any relevant background information that may be applied to the lesson.

How long are each of the chapters?
Each chapter varies greatly in depth and length. For example, some lessons contained in
the chapters require a series of days to accomplish while others are as little as 20 minutes
in duration. Considering this combination of both long and short lessons, they have been
grouped togethe- according to their ability to offer a progression of learning. This is not
to suggest that the lessons are unable to serve the same purpose on their own. On the
contrary, it is hoped teachers will use any of the lessons as a whole or in part depending
on individual needs and comfort levels in teaching the material.

How should educators use this study?
Part of the problem of instructing earth science is teachers are often required to follow a
regimented process. This work attempts to avoid this structure, and is written in the spirit

of purposefully not directing teachers how to use the lessons. The sequence and order is
set as a possible natural progression for students and teachers to constructively move
from one concept to another. However, each lesson is designed to stand alone, and there
may be connections that teachers can establish for themselves. Not everyone will require
all that is contained in this study, but the hope is that some of these lessons will attract
teachers and students to gradually gain a better understanding of the Burgess Shale Fossil
Beds and why they are a national treasure.

Significance of This Study
This study is significant because it offers students and teachers an opportunity to lcrun
about a ~opicthat previously has been exclusive to science. Based on the process and
academics that norrr.ally are used to teach Earth Science, this study follows a framework
that uses non-science based subjects to attract interest in the topic. Teachers who are
interested in developing the theory into practice nexus will find this study particularly
useful. Furthermore, this study could serve as a useful addition to what has previously
been done in this area.

CHAPTER 2

THE GREAT DEBATE OF 1860

Introduction
This chapter is designed to demonstrate how new theories have often struggled to reach

acceptance over the course of history. The Great Debate of 1860 took place on June 30 in
a lecture hall at the Museum of Oxford University, at a meeting of the British Association

for the Advancement of Science. The lesson explores how the theory of evolution
became a hotly debated issue from the first generd assembly of science thinkers who met
shortly after it was published. Presented in the form of a reader's theatre, students take an
active role in this event that would change the way humans explained the history of life

on earth and our place on an evolutionary scale. Chapter 3 follows this chapter and the
two can be connected together if desired.

Students engaged in the learning of scientific processes often do not examine the everchanging nature of the theories and ideas of science - or, as some might say, the fallibility
of science. Certainly this is an aspect that should be addressed, as science continues to
impl-ove, replace or revisit past discoveries from all angles. After all, people need an
explanation of the world - and some individuals tenaciously believe in completely
different kinds of explanations. As we find faster and perhaps better ways to explain
things, we should give some thought into the ways of dealing with a process that
constantly replaces itself with what are often described as improvements. For example,
why do some scientists continue to have difficulty when a new technology or theory is

interjected and replaced over the old? Why is science sometimes seen as weak when it is
questioned openly and found to be (sometimes partially) mistaken? These are important
lessons for students to g a s p while understanding that the strength of science is that it
allows itself to be fallible by its very method.

The current curriculum of Alberta can accommodate an alternative style of appreciating

the fallibility of science. Within the Science 20 curriculum a re-creation of the debate
that heralded the ongoing evolution debate may give rise as to how science is questioned.
Further study in the changing nature of evolutionary theory using the Burgess Shale
Fossils may reinforce (in much simpler terms) the level of thinking and application of
information scientists (geologists) may use.
"Scientific inquiry is not as neat and clean as science educators often
propose. Rather it is in continual state of flux in which theories,
methods, research questions, and so forth compete for supremacy. But
this is not to say it is totally devoid of standards of frameworks for
judging competing ideas and choosing among them. It merely
establishes that a great deal more needs to be taken into consideration
and a great deal more ought to be embodied in our science classes."
(Duschl, 1990, p. 6)

Organizational Framework
Objectives:
Understand the significance of this debate within a historical context.
Conduct research into the dialogue of historical figures.
Recognize this exercise as an experiment requiring creativity and imagination.
Appreciate this event as a pivotal moment in the search for discovering the origins of
human kind.

Curriculum:
Science 20
Unit I: Change in Living Systems, Major Concept IV
Organisms are adapted to their environments
Science Technology and Society (STS)
Understand the role and influence of variation, fitness, natural selection and
population growth on the adaptation of organisms to their environments. Within the
context of describing the central role of theory and evidence from a variety of sources

in explaining the changes to Earth's life forms over time, students recognize that
current knowledge is unable to provide complete answers to all questions.
Philosophy 20
Appreciate the importance of reason and critical thinking in philosophical inquiry.

Materials:
Reader's Theatre Dialogue (included on following pages)
Any props or related materials to simulate the debate and enliven the characters

R~sources:
See References

Time:
Time for this lesson will depend on whether the class researches their own dialogue or
uses this Reader's Theatre Dialogue. Using the reader's theatre format the lesson takes
approximately 60 minutes. If the students create their own dialogue allow them 3 or 4
classes of 60 minutes each.

Location:
Any urban or natural area location.

The Great Debate:
Figure 1: Charles Darwin

A Re-Creation
Figure 2: Thomas Huxley

Figure 3: Bishop Wilberforce

Background
A fair, unbiased delivery of the ongoing battle between evolution and creation is difficuit

for most teachers. It can also be very dry, uninteresting material for the students. The
following lesson idea has been developed to deliver some of the history and philosophy
bthind the ongoing debate over the theory of evolution in a lively manner.

The year following the publishing of Charles Darwin's The Origin of Species, a great
debate took place that helped to solidify the introduction of the theory of evolution. No
actual text exists from that debate. Taking some 0.Crhe text and the intent behind many of
the publications that have been written since 1860, and with artistic license, we have
compiled a sample script teachers may utilize to encourage students to generate lively
debate.
This lesson is written in the form of a reabzr's theatre, and the teacher can readily adapt

this lesson to many levels of students and individualize it for each class. The design of
this example is, however, primarily aimed at a grade 1 1 general science class. This lesson
is conlprised of the following three components: teacher preparation information, a list of
characters, and the reader's theatre Debate of 1860Re-Created.

Instructions
Note: N o record of tile actrral rtineteentir certtrrry debate befireen Hr~rleyand Wi'!berJo!ce
e.vists. It is irnpossible to acquire an actual transcript as no recording was made, arid
vcrping nccolrnts often disagree. Thefollorvirzg debate was recreated by three graduatc

strtdettts froin Tite University of Calgary (Carey Bootlr, Stephen Jeans & Dorrg Murray,
1996) arzd it is itztended to be role-played by grade 11 strrdents. Nilreteenth centrtt-y

scierrtific citzd chrrrch views have been heavily resenrclied, and portrayed as nccrrrately as
possible. Bishop Wilbet$orce kcill senJeto represent not the verbatim text of tvlrat ntnj
/lave been said,but the general feelings oj-tlte theological view of rnan's place in Nature.

Tltot~zasHr~rleyrvill represent the new age of scientijic tlrougitt. The rnajority of the text
cot~res
from paraphrased material that has been discussed and reworked by Booth, Jeans

arid Murray, therefore it is dificult lo define from rvhich author it may lzave conre fronr.
Havillg said that, tire arithorsfeel this text is as close as to what actrtally irappened.
Irzdecd, the body of the rm atrenlpts ro suggest a manner to ilhstrate the points raised by
rhose indivicltrals rvho were present at the debate in 1860, and not the actiial words that
were said.

Providing an introduction that explains the living conditions during 19th century England
can provide the students with a sense of the society that would receive Darwin's work.
For example, the scarcity of plumbing, lack of electricity, aircraft and automobiles may be
points to raise and help set the tone of the debate. Creation of a set, period costumes and
other preparations by the class may add to the depth, quality, class participation and
involvement. The teacher may also wish to videotape the actual production for later
viewing by the class.

Additional summaries of the implications from issues arising from the Great Debate of
1860 come from Ruse ( 1979) and Gould (1977). Ruse points out that the social and

political factors of the British scientific society changed forever as a result of the debate.
It is important to note that fields of science during this point in history were just starting
to come of age. Up until 1830 the Church was very much the financial and academic
supporter of these new sciences. The revolution created by the ideas of Darwin helped to
alter the thinking of many of these new professionals and a shift Sxcurred in power and
authority.

Teachers can determine their own method of using the debate remembering that
"revolution cannot be considered a single thing. It had different sides,
different causes, and different effects.. . . The supposed triumph of
science over religion was questionable, more was involved than
science and religion, and in some respects religion helped the cause of
science." (Ruse, 1979, p. 273)

Figure 4 provides a time line that may be useful to participants.

Figure 4: Timeline in the Age of Darwin
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Setting the Scene:

The debate took place on June 30. 1860, in a lecture ha!! at the Museum of Oxford
University, at a meeting of the British Association for the Advancement of Science. A
podium or table should be located at the front of the room with a chair for the
chairperson. A chalkboard would be needed for Mr. Dingle and any other participants.
Other than those few additions. teachers may decorate the setting with stuffed animals.
drawings, or any other stage-setting scenery.

The Characters
Charles R. Darwin (1809 - 1882) is the only character of great importance who is not
actually at the debate. An actor stationed off to one side of the dramatization may
represent the role of Darwin (who is just over fifty years old). In this cameo role. the actor

may make comments that are quoted from Darwin's writing, support themes, or he may be
allowed to speak before and dter a commentary at closure of the debate. He has been
added to the cast to illustrate the significance of his role despite his absence. Danvin was
reported to have had serious problems with flatulence, this could be a nice spot of humour
towards the end of the debate!

Charles Darwin was the author of The Origin of Species, a work that was an examination
of the means of natural selection and the preservation of favoured species in the struggle
for life. The document was the final product of five years of research while aboard the
sailing ship H.M.S. Beagle. Interestingly, The Origin of Species was to lie dormant for
almost a quarter of a century after Darwin's return to England in 1836. Darwin chose
only to publish after another scientist, Alfred Russel Wallace, appeared ready to present
his own theory of evolution. Wallace's theory was similar to Darwin's but was

unsupported by anything comparable to Darwin's massive accumulation of evidence.
Darwin was obsessed with the need for peace and quiet and had little to do with the
ensuing controversy that followed his publication. Darwin, who was a semi-invalid for

much of his life, became very weak in 1881 and complained that he no longer could
work. Darwin himseif never claimed to provide proof of evolution or of the origin of
species. His claim was that if evolution had occurred, a number of otherwise myster.ous
facts about plants and animals could be easily explained.

Thomas H. Huxley ( 1825 - 1895) was a brilliant scientist but a weak public speaker.
~Mafiywitnesses at the debate felt Huxley 'won' in terms of content, but definitely 'lost' in
terms of presentation. The student playing this role should be very articulate, but softspoken. The audience apparently struggled to hear him even though the room was silent.
Quiet and reserved - Huxley was not blessed with the gift of public speaking. As the
nickname "Darwin's Bulldog" would suggest, Huxley was an outspoken defender and
advocate for Darwin's theory of evolution by natural selection. Huxley was a lecturer at
the School of Mines in London. Darwin once declared that Huxley was one of the three

men in England whom he needed to convince of the theory of evolution in order to satisfy

himself. Described as a great biologist in his own right, Huxley did extensive and original
research in zoology and paleontology. So thorough and earnest a convert did HuxIey
become that his popular lectures and writings in defence of D m i n ' s theory have
somewhat obscured his own original work in biology and zoology. His soft voice and
lack of charisma often led to his audience straining forward to catch his words.

Bishop Samuel "Soapy Sam" Wilberforce (1805 - 1873) was a handsome, bold,
confident man of the cloth. Soapy Sam was not entirely sure of the content of The Origin
of Species, but he could mask that fact with c h m and his sheer presence. When he spoke

- people listened. The student playing this role shouid have a sense of the dramatic. The
Bishop of Oxford was adamantly opposed to The Origirz of Species only because of the
implications of its ideas, and he represented the Church accordingly. Administrative
ability, combined with his gifts of charm and oratory, lead him to a succession of
important posts in the Church. He was not without humour and re~Iiedto his sobriquet of
'Soapy Sam'by agreeing that he had earned it, since he was always in hot water and
always came out of it with clean hands. The Bishop was a powerful and flamboyant
speaker who captivated his audience with sweeping gestures and a booming voice. What
the Bishop lacked in terms of scientific understanding he made up for with his charisma.

Professor John Stevens Henslow. The professor was a man of great respect and
admiration among his peers. Henslow was Chair of the Association Meeting and a
Professor of Botany and was a most polite and patient chairperson. A gentleman in every
sense of the word, Henslow was an ideal selection to mediate discussion on the passionate
debate that was to ensue. The debate may take on a life of its own, and the student chosen
.is the chairperson should feel comfortable controlling the discussion.

Admiral Robert Fitzroy was the former Captain of the H.M.S. Beagle and ex-governor
of New Zealand. Admiral Robert Fitzroy's character essentially 'unravels' psychologically.
Possessed by guilt, and passionate about religion, this actor should put on a good show
with his outbursts. A staunch religious man, Fitzroy would hear nothing of Darwin's

work despite their lengthy voyage together on the Beagle. Fitzroy was known to be a very
vocal presence during any discussion on evolution and was reported to be in top form at
the Oxford debate - apparently jumping on chairs, screaming and waving in a wild
fashion. Religion was Fitzroy's passion. "Fitzroy had moments of doubt about the Bible's
literal truth, but he tended to view Moses as an accurate historian and geologist and even
spent considerable time trying to calculate the dimensions of Noah's Ark" (Gould, 1977).

In later life Fitzroy was obsessed that his time with Darwin on board the Beagle was a
direct catalyst that led to the writing of The Origin of Species, with himself as the agent of

Darwin's heresy. In an effort to expiate his guilt, Fitzroy made strides to reassert the
supremacy of the Bible. Sadly, guilt eclipsed Fitzroy's faith and he killed himself five

years after the debate at Oxford.

Richard Owen (1804 - 1892) is a character who should be a scientist, and a good one at
that. There is not much dialogue but more could be created. Richard Ob-n was an
English Anatomist and Botanist and an implacable enemy of Charles Darwin. He was
well known throughout the scientific community at the time as the Superintendent of
Natural History at the British Museum. Owen had also previously gained fame by the
coining of the name 'dinosaur' meaning terrible lizard. Owen briefed Wilberforce on the
falsehoods of The Origirz of Species prior to the debate.

Sir John Lubbock is a politician. Little dialogue is available which allows the actor to
expand on this character. Lubbock was a friend and neighbour of Darwin at his home in
Downe and a respected member of the British Parliament.

Lady Brewster was one of the many gallery members on hand. She is singled out
because of her fainting during the debate. Students who decide to take on this role, and
other female members of the gallery, should wave handkerchiefs when Wilberforce

makes a strong point.

Lady Brewster was a friend and supponer of the Bishop Wilberforce. She fainted early on

in the debate when Huxley had the gall to insult "Soapy Sam."

Sir Joseph Dalton Hooker ( 18 17 - 19 11) was another important scientist of the time.
Many of his ideas are in print and these could be researched further by those taking on his
character. As a Royal Surgeon and Professor of Botany, Hooker was one of the bettertravelled naturalists of the period with extensive research in Antarctica, Australia,
Himalayas, and Syria.

Sir John Herschel (1792 - 187 1) is an suonomer, who should be represented by an avid
scientist who engages in miany disciplines. British astronomer and author of intrud~tction
to NanlraZ Plzilosop!zy. Herschel discovered 525 star clusters and nubulae. He also made

the first telescopic survey of the Southern Heavens.

Other Roles
The rest of the cast has very little to say in the text we provide. However, teachers can

assign to the general cast some of the comments made by the main characters. It is
important that the remainder of the cast contribute to the banter that occurred during
particular moments of the debate. Funhermore, it also important to remember what is
being discussed and how significmt the points raised will be in relation to the time

period. There was no shonage of outbursts and arguing that went on during this debate.
fact, the discussions concluded with complete mayhem! The following are other roles
that include a wide range of pefiondities:

The Narrator: Who should be a confident and articulate public speaker.

Several Scientists: Including both males and females, who will bring out knowledge of
the day to support one of the two c u p s .

German Scientist: Who may have a good German accent.

Greswell: A clergyman who will occasionally attempt to bring the focus back onto

W ilberforce.

Sir Benjamin Brodie: President of the Royal Society, who may wish to coo1 the debate
of his fellow scientists and bring about harmonious discussion. Several graduate students,
(three or fSiir) in support of Sir Brodie and others should be present as well. These
students will be loud, vocal and arrogant - but should always be clustered around their

mentor.

Professor Dingle: A stuffy and confident scientist with poor pronunciation.
A French scientist: With perhaps a French accent.

Stuffy or proper English women and men: Who are not yet fully convinced by the new
theory.

The Great Debate of 1860 Re-Created
Reader's Theatre Dialogue
Narrator:
In the modern world, scientists are greatly needed in society. However, scientists have
not always been held in such high regard. A hundred years ago the title of Bishop in the
Church held far more social importance than the title of Scientist.

In 1860 there was a very famous debate that shook the foundations of the Church and
people's belief in how the human species came to exist. The 1860 meeting of the British
Association for the Advancement of Science became part of the "evolution" in scientific
thought on the origin of our species. Then, as now, the Association was the forum at
which different scientific disciplines made brief contact with each other to present
research and debate conclusions.

Today, most scientists believe that life on earth developed over a very long period of
time. Known as evohtrion, it is a theory that suggests all forms of life originated by
descent, with gradual or abrupt modifications, from earlier forms, and so backward to the
most rudimentary of organisms. In the mid-18001s,when the theory of evolution was
introduced, it contrasted sharply with common thought. Over a century ago the majority
of people firmly believed in the teachings of the Old Testament from the Bible. Most
people accepted the Church's position that all things were created by God through Divirze
Creation - failure to believe so branded one a heretic. Furthermore, people cornrnonly

thought that the earth's resources and species were created for the service and pleasure of
mankind.

lMany scientists of the time also believed in divine creation. One example was Carolus
Linnaeus, the great naturalist W

~ devised
G

a system of naming biological species and is

also considered the father of modem botany. Linnaues' system still remains in use today,
even though it was introduced nearly two hundred years ago. Great scientists and devout
Catholics such as Linnaeus firmly believed that their studies worked in God's favour to

help explain, interpret and control the world around them. To even suggest that all life
and humans simply appeared as a result of random and sequential changes from simple to

complex would question the long held view of the Church and erode the supremacy of
God. With such an imbedded belief, it is not hard to imagine why so many shunned the
original idea of natural selection.

Charles Darwin introduced the idea of descent by natural selction, and is considered one
of the most important scientists of all time. The son of a doctor, Charles entered medical
school but withdrew when he saw a child being operated on without an anaesthetic.
(Anaesthetic had not yet been invented, making all surgery a horribly painful experience
for the patient. Antibiotics were also not in use and as a result surgery was quite often
fatal for even the simplest of procedures). Darwin then entered university and studied to
become a clergyman. Despite his strong belief in the Bible and its teachings, he changed
his mind again, and decided to become a scientist. After receiving his university degree
he traveIled around the world on the research vessel H.M.S. Beagle gathering examples of
strange plants and insects, and writing copious notes - particuIarly on the creatures he
found in a place called the Galapagos Islands off the west coast of Ecuador.
Charles Darwin returned home and wrote a book from his notes entitled On the Origin of
Species that formulated 'the theory of natural selection'. Questioning his own findings

and wrestling with his faith, Darwin did not publish his work for nearly 25 years after his
return, as h e knew his theory disagreed with the Church and would upset many people.
Dmvin chose only to publish after another scientist, Alfred Russel Wallace, appeared
ready to present his own theory of evolution. Wallace's theory was similar to Darwin's but
was unsupported by anything comparable to Darwin's massive accumulation of evidence.
Darwin was obsessed with the need for solitude and had little to do with the ensuing
controversy that followed his publication. Darwin, who was a semi-invalid for much of
his life, became very weak in 1881 and complained that he no longer could work and died

shortly thereafter in 1882. Throughout his life Darwin never claimed to provide proof of

evolution or of the origin of species. His claim was that if evolution had occurred, a
number of otherwise mysterious facts about plants and animals could be easily explained.
Within a year of the printing of his controversial book, the need for a public debate over
the topic of evolution was hinted at during the start of the meeting of the British
Association for the Advancement of Science. At the time, Darwin was confined to his
home Downe, England, as a result of an illness contracted during his South American
research. Owing to this illness and a reluctante to face public confrontations he did not
take part in the great public and scientific debates that came about with the publication of

The Origirz of Species. In fact, we are told his problem was severe flatulence.
As Charles Darwin did not take part in the Great Debate of 1860, his friend, Thomas H.
Huxley, (who was often described as "Darwin's Bulldog" for arguing in his friend's
favour) would speak for Darwin in support of the theory of evolution. Bishop Samuel
Wilberforce, a powerful and outspoken man of the church would speak in support of the
theory of divine creation.

At the meeting, there were many scholarly papers presented including one by Professor

Daubney, a botanist, who presented a paper entitled On the Final Causes of the Se-rltnfizy
of Plants, witl~Particular Reference to Mr. Danvin P Work On the Origin of Species.

Surprisingly, Professor Daubney gave his approval to the hypothesis of natural selection
and evoiution, however in his words, "he wished not to be considered as advocating it to

the extent to which the author seems disposed to carry it.'' It was duly and dully
delivered, yet it was a plenary session that began to cause a push for a formal debate on
Evolution and Divine Creation among the participants. Originally, there was no planned
debate for this topic, but more and more scientists pressed to bring the dialogue forward
for discussion.

Darwin's friend, Thomas Huxley, was in attendance at the meeting and was prepared to
leave, but he was encouraged by Robert Chambers, 1844 author of The Vestiges of

Ctmriotz, to stay untii Saturday, June 30th, when a paper was to be presented by an
American Professor named Dr. J.W. Draper. Chambers was certain if there was to be a
debate it would be in the wake of Draper's work - he thereby convinced Huxley to
remain. Dr. Draper is speaking On the intellectual Development of Ellrope, considered
rvirlr Refererzce to the Views of Mr. Danvirz and Others, that the Progression of

Organisms is Determined by Law. Mr. Draper tried to show that a fundamental alteration
in their physical circumstances would swiftly modify human societies and institutions.

The presentation of the chemist was flat and monotonous.
We take you now to June 30, 1860, in a lecture hall at the Museum of Oxford University,
and a meeting of the British Association for the Advancement of Science. h attendance in

this crowd of 700 were Thomas Huxley and the Reverend Samuel Wilberforce "Soapy
Sam," who was the Bishop of Oxford. The Reverend Wilberforce ws a Fellow of the
Royal Society and a knowledgeable individual in his own right particularly with
mathematics. Having a high standing in mathematics is one thing, but his grasp of natural
science was inadequate for the task. However, the great scientist Richard Owen is
beiitved to have briefed the Bishop. Generally, it was agreed that there was no clear
winner in this debate. As further proof of this we can see that even today, the argument
between Divine Creation and Evolution continues in newspapers, the Internet, radio and
television. Concluding Professor Draper's remarks, Dr. Henslow invited Thomas Huxley
to speak.

Henstow:
In all fairness to Mr. Danvin, Mr. Huxley would you care to speak?

Huxley :
I feel that a general audience, in which their sentiment would unduly interfere with
intellect, is not the place where such a discussion should be carried on.

Scientist:
With Dr. Daubney's grudging approval it is clear HE suppons the concept of evolution
creating higher forms of life, such as monkeys.

Another Scientist:

I have seen monkeys who have not previously experienced oysters as a food source,
struggle to, and eventually reckon, how to open them. If monkeys learn to open oysters
then they must have a higher learning ability than ...
Owen:

Gentlemen, speaking in the spirit of the philosopher, I am of the conviction that there are
facts by which the public could come to some conclusion with regard to the probabilities
of the truth of Mr. Darwin's theory. I would like to draw to your attention the work of my
French colleague Professor Cuvier; together we have classified man and the apes into two
distinct orders, the Bimana and the Quadrumana. Our study demonstrated that there are
more differences as compared with the brain of man, than it did when compared with the
brains of the very lowest and most problematical of the Quadrumana, the "four-handed"
genus to which all apes and monkeys belong. Man's resemblance to the apes, as we have

proven in studies of the ape and human hand, is only by coincidence.

Huxley :
Man's place in nature is clear; Mr. Owen has exaggerated research on the brain and the
resemblance of the hand and foot in the apes. Through dissection German scientists such
as Mr. Tiedemann and I have found that all apes, as in Homo sapiens, have a
hippocampus-minor section of the brain. From our dissection procedures we can
distinguish primates: man and the great apes, from prosirnians, lemurs and tarsiers. Man's
physical characteristics place him clearly in the same order of animals as the great apes. I
therefore take a stand of direct and unqualified contradiction to Mr. Owen. I promise that

I will justify that unusual procedure elsewhere.

German scientist:
Danvinism will find a true home in Germany. Unlike the conservative view, this theory
offers support for anatomical evolution and offers progress for human affairs. Man must
be the highest form of progress so far, and within him lie the seeds of even greater

development.

Greswell: (stands)
Mr. Draper, I protest. The immutability of species is not something we should call to

question ...

Audience: shouts down clerD0yman
Enough of you! Sit down!! Be Quiet!!

Henslow: (banging his gavel)
Order! Order!

Sir Benjamin Brodie: (with graduate students)
Mr. Darwin's theory is bunk. The existence of a "primordial germ" has not been proven,
nor is it likely that the power of self-consciousness could have originated in lower
animals that did not possess it.

Pro%ssorDingle: (sure of himself, steps to the chalkboard and gestures to write)
Dr.

,F:~;.I~!Dw,

rmiy I?

Kenslow: (Motions him to continue)
Professor Dingle: (writes the letters A and B and then proceeds to draw a line
between the two)

Now then, let this point A... be man, and let that point B, be the ma~vnkey
..."

Grad Students: (laughing Dingle down and mimicking his poor pronunciation:)
Mawnkey! -Mawnkey! Ha! Ha!

Dingle: retreats to seat and hangs his head
Henslow: (banging his gavel harder)
Order! Order! (Pause for silence)
Ladies and gentlemen, thank you for that most spirited exchange. I would like to call

upon His Reverence the Bishop of Oxford Samuel Wilberforce to come forward and
make his opening remarks on this topic. Afterwards, I would like to invite Professor

Thomas Huxley for a rebuttal to the Bishop's remarks.

Huxley: (acknowledges the invitation with a nod)
Henslow:
Thank-you. Bishop Wilberforce, if you please.. .

Wilberforce: (rises slowly and moves to the podium)
Gallery, Audience: (wave handkerchiefs and nod)
Huxley : (sits forward to listen intensely)
Wilberforce: with great gusto and enjoyment:

Thank you Dr. Henslow. The Church and Science have often shared some common
ground in reference to human's earthly origins. This shared interest has often been
represented by a casual and working hypothesis. With reference to Mr. Darwin's Origin
of Species we find several disturbing suggestions that lend themselves towards outright

heresy and genuine contempt for all that is held sacred among Christians. Now then, Mr.
Danvin obscurely declarzs that he applies his scheme of the action of the principle of
natural selection to MAN himself, as well as to the animals around him.

Let us take a look at some scientific research that flies in the face of the evolution of
species. First, there is evidence from our esteemed colleagues work;ng in Egypt, that
mummified animals and humans have NOT undergone change from age to age. Second,
no experiment has ever been performed that has been able to transmute one animal into
that of another species. Third, Lamarck argued that evolutionary change comes through
the inheritance of acquired characteristics. The giraffe's long neck came through
generations of giraffes stretching to reach leaves on the upper branches of trees. The
callused backside on the ostrich came through generations of ostriches sitting on the
rough ground. As a mechanism for change, h m c k i s r n has been discounted for many

years. Finally, there is an absolute distinction between man and animals thanks to there
being no sign that the latter has the slightest tendency to become rational and self-aware
beings.
We must say at once, and openly, that such a notion is absolutely incompatible not only

with single expressions in the word of God on that subject of natural science with which
it is not immediately concerned, but also which in our judgement is of far more
importance, with the whole representation of that moral and spiritual condition of man
which is its proper subject master. Man's derived supremacy over the earth: man's power

of articulate speech; man's gift of reason; man's freewill and responsibility; man's fall and
man's redemption; the incarnation of the Eternal Son; and the indwelling of the Eternal

Spirit - all are equally and utterly irreconcilable with the degrading notion of the brute
origin of He who was created in the image of God, and redeemed by the Eternal Son
assuming to himself and his nature.
German Scientist: (taking notes)

Ah, the Bishop has spoken for thiny minutes with inimitable spirit, emptiness and

unfairness.
Wilberforce: (after a contemplative pause)
The Old Testament contains the truths we seek. The Book of Genesis describes well the

first seven days of creation. In the Book of Psalms, chapter 104 verses 2 to 3, "God
stretched out the heavens like a curtain and laid the beams of his chambers in the waters."

In Proverbs, chapter 8, verses 22 to 32, God first created Wisdom. Wisdom existed before
the earth was created in 53 15 B.C.when it was gifted to mankind. Is it then credible that
all favourable varieties of turnips are t~ndingto become men, and yet that the closest
microscopic observation has never detected the faintest tendency in the highest of the
Algae to improve the very lowest Zoophyte?

I should like to ask Professor Huxley, who is sitting by me and is about to tear me to
pieces when I have sat down, as to his beliefs in being descended from an ape. I would
find myself in disquietude were an ape in the zoo to be shown to me as an ancestor. I am

curious to find out: was it through his grandfather or his grandmother that he [point to
Huxley] claimed descent from a monkey?
Audience: (general gasps)
Huxley: (aloud to Sir Benjamin Brodie)
The Lord hath delivered him into my hands.
Audience: (cheers, handkerchiefs waving, and other banter)
Wilberforce: (acknowledges the cheers and returns to his seat)
Henslow:
Mr. Huxley for a rebuttal.

Huxley: (rises and moves to the podium)
Thank you Dr. Henslow. I am here, only in the interests of science - and I have heard
nothing that can prejudice the case of my august client. Darwin's is an explanation of the
phenomena found in the organic world, just as the wave theory of light - proposed by the
English scientist Thomas Young nearly six years ago - explained the phenomena of
luminescence. A light wave has never been halted and measured but none of us here
believe that this would disprove the undulating theory. Mr. Darwin is not trying to explain
that one species can transform into another, but rather how various forms that had become
to all intents and purposes have developed their present characteristics from a common
ancestor. lMankind may differ from the rest of the world's animals because it alone has
consciousness, but who was able to say at what precise moment in an individual's
development did that conscious intelligence come into being?

(Pointing at Wilberforce) You say that development drives out the Creator, but you assert
that God made you: and yet I am convinced that you know that you yourself were
originally a little piece of matter, no bigger than the end of this gold pencil-case

(gesturing with his pencil case).
If then.. . the question is put to me: would I rather have a miserable ape as a grandfather
or a man highly endowed by nature who possesses great faculties and influence but who
employs those faculties and that influence for the mere purpose of introducing ridicule
into grave scientific discussion? I would then unhesitatingly affirm my preference for the
ape.

Lady Brewster: (a supporter of Wilberforce, faints from the shock)
Oh my Heavens!

Another woman, with the Lady:
My word, one never speaks that way to a Bishop of the Church!

Audience: (applause, shouts, boos, praise)
Now see here.. .! Good on you.. .! You tell him.. .!

Henslow: (frantically pounding with his gavel)
Order! Order I say!!

Huxley :
lMoreover, if I had to choose, I would prefer to be a descendant of a humble monkey
rather than of a man who employs his knowledge and eloquence in misrepresenting those
who are wearing out their lives in search of the truth.

Audience: (applause, shouts, boos, praise)
Now see here.. .! Good on you ...! You tell him. ..!

Henslow: (frantically pounding with his gavel)
Order! Order I say! !

Fitzroy: (brandishing the Bible over his head and standing on his seat)
Hear! Hear! Nonsense, absolute nonsense! There is no logic in The Origin and you have
no right to claim there is! It is here, in the Bible, the book of books, that we find the
source of all truth!

Audience: (shouts Fitzroy down)
Sit down! Quiet man!

Henslow: (frantically pounding with his gavel - still to no avail)
Order! Order I say! !

John Lubbock:
I must concur with that which has been said by Mr. Huxley. There is a flaw in those who

purport the permanence of species, there are implications of similar origins in e m b r y o l o ~
as evidence for development and thus transmutation. I am a follower of the hypothesis of
Danvin since it provides the best available explanation of the facts. Has one ever stopped
to notice the striking similarities between ourselves and the wretched ape? We must stop
calling the kettle black and consider from where we have come.

Greswell :
I do believe Mr. Lubbock has taken leave from his senses... We have most certainly not
come from the apes, although continued dialogue on this preposterous notion shall
certainly lead us to live among them!

Please note: from here to the srrggested closrrre the text appears to take on the fonn of
poittt artd corinfer-point. This is not to imply thar the debate be srrictly benveen
Wilbeqorce and Hux[ey, althoicgh a nvo-person show could be accommodared. The
follorc-irtg poirzts can be raised by many of the clraracters in the dramafiration and corrld
be re-organized depending on tirne arrd researciz.

Wil berforce:
Gentlemen, we can clear this up by presenting Mr. Huxley with a few pointed questions
on the matter. For instance Mr. Huxley, why then are there no fossil records for every
possible change? It is hard to believe that these forms were not preserved.

Huxley:
The geological record is imperfect and the fossils we discover represent only a tiny

fraction of the species that actually have lived. Many species, and many whole episodes in
evoIution, will have left no fossils at dl, because they occurred in areas where conditions
were not suitable for fossilization. Perhaps future discoveries will clear this up.

Wilberforce:
And what of the dinosaurae that were devastated by the flood - would we not have seen

evidence of their survival for at least a few would be fittest. Where in our world of socalled evolved species are they?

Huxley :
If you examine feet of the dinosaurae, certain dinosaurs have legs and feet almost
indistinguishable from those of birds; this suggests the possibility of a link between
reptiles and birds. This may be the first sign of a 'missing link' between two important
classes.

Wil berforce:
Given the time scale presented to us in the historical account of life in the bible, the earth
is traced back to an age of three thousand years before the present. Where in this time

frame could such changes have occurred without our ancestors noticing it?

Huxiey:
The accumulation of small variations by selection would take hundreds, thousands and

possibly even millions of years to produce the diversity of life as we see it today. Given
the currently accepted theory of uniformitarianism we can say that the multitude of layers
of rock and debris discovered have been deposited over this vast time.

\frilberforce:
Natural selection is a strictly utilitarian mechanism. If it were the sole mechanism of
evolution, we should expect that every characteristic of every species, even the most
trivial, serves some adaptive purpose. But is this always the case - are there not examples
of characteristics that are useless or even harmful to the species?

Huxley: (disgruntled, unable to answer)
Wilberforce: (pleased with himself)
Given that an offspring had been born with a difference, what then would prevent that
individual from having its characteristics blended out by the interbreeding of a
population?

Huxley :
Natural selection is powerful enough to break up an originally continuous population by
adapting its extremes to different life-styles. The sheer size of a population would
guarantee enough favourable variants, even if the rate at which such individuals were
produced were low.

Wil berforce:
The Origirt can be seen as a mass of speculation unsubstantiated by the evidence he
offered. Others may question the scientific methodology used by Darwin. He has
deserted the path of inductive science to indulge in wild hypothesizing, moving outside
the process of science altogether. An honest hypothesis in science must represent a truth
about nature.

French Scientist: (in a heavy French accent)
Any rationalist way of thought, as developed by Descartes, would prevent us from taking
seriously something so untidy as a mechanism based on random variation.

Huxley :
Darwin's theory will not be proven until two infertile species have been bred from a

single source by artificial selection. The theory, however, is truly scientific and can be
tested against the facts and therefore can be supported while one waits for proof.

Wilberforce:
Given the long time for evolution to occur, as stated by Darwin, it would seem
unreasonable to expect proof of this theory- Darwin has not fulfilled the requirements for
providing a true cause as his study has a flimsy theoretical framework. There are fixed
truths about nature - the fixed character of species and the existence of a purpose
governing their structure and relationships. God himself is the guiding intelligence that
placed the purposeful nature of created species on this pianet.

French Scientist:
Selection is the law of higgledy-piggledy; life cannot be left to such haphazard and
undirected combination of circumstances.

Sir John F.W. Herschel:
There is a role for hypothesis or controlled speculations in the process of discovery.
Simple Baconian induction, collecting facts at random in the hope that eventually a
pattern would be discerned, is often inadequate to cope with vast amounts of available
data. One cannot prove a theory to be true in most cases; the complexity of the situation
will not allow such complete deductions to be made.

Wil berforce:
The soul, which only temporarily rests in this corporal being, would in Darwin's theory

also become part of the animals. I suggest that if we are to believe that we are descended
from apes, as hinted at in the origin, we then must suspect where their souls would reside.
What quality of man does this suggest? We are left without souls as accidents of nature
with no hisher state or moral purpose.

Huxley:
Man's mental and moral attributes need not be incorporated into a discussion of his
physical rise and development. Science is neutral concerning the Creator: it can neither
prove nor disprove it. There is an 'agnosticism' in the scientific community, an active
doubt on the religious question. Efforts I have heard that attempt to find progress in the
geological record are falsely taken. The hypothesis of Darwin has the great advantage of

allowing change without progress. The highest qualities of the human mind are
intrinsically valuable even though they are neither produced by nature nor sanctioned by
God. By a cosmic accident, man has been given faculties that allow him to recognize the
meaningless character of the system that gave him birth. We must cherish our moral
feelings precisely because they go beyond nature to establish a sphere of activity that has
become an integral part of our humanity.

Fitzroy: (holding a bible over his head, pacing and shouting around the room)
The Book, The Book!!

Huxley :
In view of the immense diversity of known animal and vegetable forms found around the

world, and the enormous length of time indicated by the accumulation of fossiliferous
strata, the only circumstances to be wondered at are not that the changes of life have been
so great, but that they have been so small.

Wil berforce:
This travesty of Darwin contradicts the revealed relations of creation to its Creator. It is
inconsistent with the fullness of His glory, a dishonouring view of Nature, a simpler
explanation of the presence of these strange forms among the works of God. and that
being - 'the fall of Adam'.

Hooker:
It is dear that the honourable Bishop has done little to enlighten us on the informed

perspective of the Church. I would argue that his Grace has in fact never read the Origirt
of Species and further is genuinely ignorant of the rudiments of Botanical Science.

I knew of this theory fifteen years ago. I was opposed to it; I argued against it again and
again; but since then I have devoted myself unremittingly to natural history; in its pursuit
I have travelled around the world. Facts in this science which previously were
inexplicable to me became one by one expIained by this theory, and conviction has been
thus gradually forced upon an unwilling convert. I will use Darwin's hypothesis as the
basis for future research, but I am quite prepared to change it to another, or back to the
old creationist one, should the evidence demand it.

Audience:
Yells and screams...

Henslow:
Order! Order I say!!

Audience:
Followers and supporters crowd around both Huxley and Wilberforce shouting and
claiming victory.

CHAPTER 3

RELATING DARWIN TO THE CLASSROOM: A STUDY IN THE
FALLIBILITY OF SCIENCE USING THE BURGESS SHALE

Figure 5: Alien or Weird Lobster?
hrrelln: a 520 Million Year Old Arthropod (Original artwork by Hidemichi Fujitami)

Introduction
in l[his chapter students examine the inaccuracies that sometimes occur when studying the
fossil record. Students will study three examples of Burgess Shale Fauna whose identity,
def ?nition and significance have changed several times since their initial discovery. This

chapter also extends upon an idea introduced in Chapter 2: science is a process that
evolves over time and scientific findings are believed only until another scientist
disproves or edits the previous evidence with another discovery.

The fossils of the Burgess Shale represent an ideal model for illustrating the fallibility of
science. The fossils beds are located on a steep mountain slope 700 metres above the
town of Field, British Columbia. This locality is of great significance as one of the few
places on Earth where there is soft-bodied preservation of some of the earth's earliest life
forms. The fossil beds reveal a closer look at the early Cambrian Period - one of the most
spectacular and puzzling events in the history of life on Earth. (Powell, 1996) During a

35 million year period 545 - 5 10 million years ago, (a very short period geologically), a

number of hard-bodied organisms (exoskeleton) appeared in the fossil record. One of the
major problems for evolutionists from Darwin onwards is that all of these complex
animals appear in the fossil rxord as fully developed. In other words, the animals found
in the Burgess Shale fossil beds have complex body plans that seem to have appeared
from nowhere! While there is no fossil record of similar animals below the Cambrian,
scientists are fairly certain that organisms without skeleton or shells lived in the sea
owing to tracks or 'trace fossils' left in the mud.

Paleontologists, not unlike those who still debate over the beliefs of Huxley and
Wilberforce, are faced with a dilemma. For as much study, scrutiny, experiment and
theorizing that is undertaken, a paleontologist's final conclusion essentially is the best
educated guess made with the information that is available. Dr. Wayne Powell, a
researcher with the Burgess Shale High School Research Project, says "the ongoing task
of paleontologists is to describe fossils and classify them based on physical similarities
with other known species." (Powell, 1996, p.20) Herein lies an interesting question of the
fallibility of science. Science endeavours to enlighten thought and perspective only after
regimented experiments and hypotheses have demonstrated evidence that in turn leads to
altering or more strongly supporting a previously held belief. This is a point that students

should be made aware of in the pursuit of scientific inquiry. The Burgess Shale fossil
beds offer an excellent opportunity to illustrate this process.
The Fallibility of Science: Classification and Description of Burgess Shale Fauna
Organizational Framework
Objectives:

How scientific perspective can sometimes alter over time.
The Burgess Shale represents some classic examples of how theories can be altered
with the introduction of new evidence.
Hypothesize on the characteristics of Burgess Shale fauna and appreciate the
difficulties in classifying them.
Curriculum:
Science 20:
Unit I: The Changing Earth.

By interpreting data obtained from rocks, minerals and fossils, make inferences about
ancient life forms and climate.
make inferences about the characteristics of life forms based on the fossil record.

Describe common types of fossilization; i.e.:the actual remains of a life form, an
imprint or mould, a trace or some form of track, trail or burrow left by an organism.
Science, Technology and Society:
Apply cause and effect reasoning to formulate relationships for a range of instances in
which scientific evidence shapes or refutes a theory; and explain the limitations of
science and technology in answering all questions and solving all problems, using
appropriate and relevant examples.
Explaining the central role of the fossil record in the accumulation of knowledge
about changes that occurred on Earth over time, and that our current knowledge is
unable to provide complete answers to all questions.
Describe the research conducted at the Royal TyreIl Museum of Paleontology and
other co-operative research projects, such as the CanaddChina project, (or any other

relevant context) which have provided a better understanding of ancient life and
climate on Earth.

Materials:
3 images of Burgess Shale Fauna Anornalocaris, Hallircigenia, Opabinia (included at

the end of this lesson)
Handouts for background information.

Resources:
The Fossils of the Burgess Shale (1994). Briggs, D., Erwin, D.H., & Collier, F.

Worrde~fillLge: Tile Burgess Shale and the Nature of Histoty (1989). GouId, SJ.
A Geoscierzce Giiide to tile Burgess Shale: Geology and Paleontology in Yoho National

Park ( 1996). Powell, W.

Time:
Depending on length of the discussion allow for approximately 60 minutes.

Glossary:
Arthropods -jointed legs, segmented bodies (of these, there are 4 main groupings)

Bedding layers - layers of sediment that have changed to rock over millions of years of
pressure and heat
Cambrian - Geologic time period of 545 - 500 million years ago
Escarpment - large sheIf overlooking a vertical wall of rock
Fauna - animal life
Metamorphosed - altering of rock from one form to another, resulting from chemical and
heating reaction.
Mica - name given to a group of silicate minerals that contain aluminium, oxygen and
silicon; bonded into fine flat layers like pages in a book.
Muscovite - another form of Mica.
Phylum - basic subdivision of animals based on body plan (shape)
Sediment - sand, silt, and gravel deposited by water (rivers, or tide)
Trace Fossils - burrows or trails left behind by the activity of organisms in the Shale
deposits. There is no body form left, just a trace of that animals existence in the
fossilized mud.

Instructions
1. Write these questions on the board:
Describe the characteristics of these animals.
How did this animal move?
Where did this animal live?
How large do you think this animal was?
How did this animal eat?
Sketch a possible likeness of a relative for this creature.

Give a name for your animal.
Suggest any possible relative of this animal that might exist today.
Do these animals possibty belong to the same family?
(Make an answer chart next to the questions where you can write the findings of each
group for their respective animals.)

2. Ask the students if they can think of any examples where science has made a
disco\ ery; the theory developed from this discovery stands for some time, and then is
replaced by an entirely new theory. (i.e.: it was once thought that no organisms could
survive in boiling water - then research from New Zealand in volcanic pools of water
has found organisms that survive in water beyond the boiling point!). Consider the
debate already performed by the class on Charles Darwin's Origi~zof Species: many
people thought Darwin to be wrong - or was he right? Even today, the debate still
rages on! Paleontology is the ultimate science where guesswork is very much a part

of studying fossils in the rock. How can you even begin to suggest facts when the
organisms you are examining no longer exist?
3. Introduce the area of the Burgess Shale - where it is on a map, and exactly what it is.
Hand out the background information sheet on Charles Doolitrle Walcott (Figures 6 &
7), and the significance of the fossil beds. Have students read through the text
outloud and emphasize the section on environmental conditions of the Burgess Shale.

Ask, "what does this tell us?" It is this query that the students shall attempt to solve -

not unlike paleontologists uncovering the creatures for the first time.

4. Divide the class into three large groups, then hand out the images of the Burgess
Shale Fauna (with several copies of 1 animal per group so everyone can be involved).
There are no right or wrong answers, just have the students come up with their best
answers for the questions listed on the board. Give students about 20 minutes to
discuss these among themselves.

5. After 20 minutes, ask the groups to provide you with some ideas of what they
discovered and present their creature to the other groups. Ask the students to e.rchnnae
copies o f their animals so the entire class can relate to each .qrorip'sdescriptiorzs.

Write these findings into the answer chart on the board. Use about 15 minutes to
collate the findings of the groups.
6. Once each of the groups has provided their answers, they should be asked - are they
correct with their assumptions? Sometimes, scientists are not always correct! Now
here is what paleontologists currently know about these animals.. .

7. Distribute the Cust of Characters handout. Anornalocaris, Hallucigenia, and
Opabinia (figures 8, 9 , 10, & 11) all reflect unique examples of how scientists

sometimes only know as much as their best hypothesis. Focus on each of these
animals in this context. Key question: Does science always have the correct
interpretation of what it is studying? While this is what researchers believe is the
story for these creatures, how correct are they in these assumptions?

8. Conclusion: Trace Fossils
Give students the Trace Fossils hand out and have them read aloud the text. Focus on

what sort of questions the new evidence found in the Burgess Shale by the High
School Research Project has created. As the students are reading, ask and write on the

board a class set of answers in response to the questions raised. Emphasize how the
discovery by these high school students in 1996 has placed some originai thoughts on
the Burgess Shale into question. An important elenlent to reinforce tvitlz this case is
!rot tiznt science ma): be fallible, brrt that it allows itself to be so by its very method

-

iryporhesising, investigating and questioning through the scierttiflc process..

9. Evaluation:

By the end of the lesson, the students should have a reasonable grasp on the potential
fallibility of science as demonstrated through the examples of the Burgess Shale.
Evaluate their grasp on these concepts by asking some questions in review of the
material investigated during class. Encourage students to provide input of differing
opinions to generate dialogue.
Example:
Could you say that any of these discoveries were wrong after new
evidence comes to light?
Why or why not?

Is it fair to suggest that theories in science are either right or wrong; can
science always be explained in black or white?

Is the Burgess Shale a good example of the fallibility of science?
With all of the information w e have now on the Burgess Shale fossils,
can we say that we have finally have these creatures correctly
identified?
Could our theories ever be changed?

10. Another conclusion to this lesson could be a reflective journal entry that explores the
material learned in class and a response to the students' feelings on the possible
fallibility of science.

Background

Charles Doolittle Walcott: Discoverer of Burgess Shale Fossil Beds

Figure 6: Charles Doolittle Walcott
Born in 1850, Charles Walcott had no formal training in
geology. He had the good fortune to cross paths with several
men who passed onto him an appreciation of fossils, their
collection and preparation. Walcott's tenacity and attention
to detail was recognized by the then very young United States
Geological Survey (USGS). By 1894, Walcott had risen to
the top of the USGS, and in 1907 was appointed to head of
the Srnithsonian Institution. By then, Walcott had become an
authority on Cambrian fossils, and his interest drew him to
I

I Western Canada. He spent many field seasons from 1907 to

1925 in the Canadian Rockies mapping Cambrian formations from Mt. Robson to Banff.
The high point of his career was the discovery of the soft-bodied fossils of the Burgess

S h d e in 1909.

Walcott apparently discovered the fossil beds after removing a series of large slabs that
were blocking passage of his horse packing expedition team high on the shoulder of a
pass between Mount Burgess and Mount Wapta. One of the slabs split and revealed a
fossil that was unknown to Walcott. Clambering up the stope, Walcott continued to find
more of what he described as a 'lace crab' that he called Marrella (Figure 5 ) . Subsequent
visits to the site resulted in the excavation of the Walcott Quarry, where Walcott would
discover and describe 100 of the 170 species presently known from the Burgess Shale.
His classifications did not receive a thorough re-examination until Harry Whittington and
his graduate students Simon Conway Moms and Derek Briggs arrived in 1973.

Environmental conditions of the Cambrian Ocean
If you found yourself in Yoho National Park 520 million years ago, you would likely need
a boat or SCUBA equipment. During the Middle Cambrian Period the Burgess Shale
Quarries lay just north of the equator, far offshore of the ancient coast of North America.
Animals of the Burgess Shale thrived in the shallow waters offshore on the shelf of a 160metre escarpment. Extreme tides created a sloughing or avalanching action that swept the
animals off this marine platform and buried them under a fine silt.

The Significance of the Burgess Shale Fauna
The Burgess Shale gave us our first picture of the full glory and astounding variety of life
that first appeared in the Cambrian era (545 - 5 10 million years ago). This rich slice of
the fossil record forces us to ask the question as to how, in the prehistoric eye-blink of 35
million years or so, did such a variety of organisms come into being from virtually
nothing? The rapid appearance of animal life, termed the 'Cambrian Explosion', had
been noted with some perplexity by Charles Darwin. The discovery of the Burgess Shale
fossils and their subsequent research has revealed a rapid development of an enormous
range of complex structures in soft-bodied organisms from the relatively simple PreCambrian fauna. It seems as though the development of skeletons, feeding systems and
complex life strategies such as predation seems to have been created from thin air! Yet,
the detailed preservation of these characteristics is evident in the fossil record of the
Burgess Shale.

The fact that there is so much variety in the types of species found in the shale raises
questions about the history of diversity among animal life. Fossils found in the Burgess
Shale suggest that the Cambrian Explosion (from one point of view) seems to have
created a wider range of fauna than are present today. The fact that so many fauna from
the Burgess Shale are no longer represented in today's environment proposes a theory that
the Burgess fauna was decimated, and that our current fauna of the present day has

descended from some lucky survivors after a series of mass extinctions. Where
traditional evolutionary thought suggests the fossil record and history of life on earth

began as a narrow trunk of a tree predictably growing into many branches, the Burgess
Shale fossils represent the opposite - the tree is in fact inverted and is shaped more like a
bush with many branches and leaves.

Figure 7: Reconstruction of Burgess Shale fauna by Charles Knight

Charles Knight painted this work in 1940 and interestingly, all the animals are drawn as
members of modem groups. Sidneyia (named after Walcott's son) is the largest animal of
the scene. Two parts that really belong to the creature Anonralocaris are portrayed as an

ordinary jellyfish (top, left of centre) and the headless shrimp directly beneath. See the
next page for how these two pieces of Anornalocaris become one. The sketch is taken

from Stephen J. Gould's Wonderfrtl Life, 1989.

Cast of Characters
An onzalocaris

Figure 8: One Animal...

Figure 9: Or two?

Original photograph adapted from Scienceweb, 1996
Fossils that resemble a headless shrimp are cornrnon in the fossil beds. When first
described in the early 1900's, they were thought to be some kind of 'strange shrimp' and
this label was Latinized to become Anorrtnlocaris. Three quarters of a century later,
Harry Whittington and Derek Briggs discovered that his fossil was merely a pair of
feeding appendages on the largest predator in the Cambrian seas. Arzornalocaris was up

to half a metre in length, and fed prey into a circular mouth with two spiked feeding arms.
Like the feeding arms, the pineapple ring-shaped jaw commonly separated from the body
of A~lor?zalocarisas it broke away during burial. Originally, Walcott mistakenly
classified the jaw as an entirely separate species - a jellyfish called Peyotirr.
As the animal decayed, bits of carcass tended to fall off, and as a result complete
specimens are rarely found intact. The discovery of complete specimens of Anomalocaris

demonstrated that the iimbs and jellyfish were in fact pieces from the same animal. The
shrimp-like limbs, and the circular jaw, must have been more robust and resistant to
decay than the other tissues - which perhaps explains why they are much more commonly
preserved.

Recent discoveries have shown Anonlalacaris to be one of the most widely distributed of
the Burgess Shale animals in the Cambrian Oceans. Its fossilized remains are not only in
North America, but d s o in China, Australia and Greenland.

Figure 10: Hallucigenia

Hallrtcigenicr is a symbol of just how weird the wonders of the Burgess Shale can be.
Owing this creatures' 'bizarre and dream-like quality', it was christened Hallrtcigenia.
Conway-Moms, an English researcher, created a reconstruction of Hall~tcigenia.By his
account, the creature was a worm-like animal that walked on seven pairs of spike-legs
and fed through seven tubes that emanated from its back. It was assumed that the only

way the creature could be stable on the seafloor was if it walked on the pairs of spiked
appendages and fed from the water column using a single row of tube-like appendages on
the other side. However, similar upper Lower Cambrian rocks later discovered in China
suggested that Conway-Morris actually had Hallrtcigenia upside down. Perhaps to satisfy
curiosity, or unconvinced with the previous conclusions, a Swedish researcher named
Rarnskold used a dental drill to re-examine some specimens and to his amazement
discovered a second row of spines along the body of Hallrrcigerricr. With this new
discovery, it was thought that perhaps Hallrtcigenia walked on the pairs of tube legs while
the pointed spines projecting upwards. The spines that protruded in pairs along
Hcrllucigerzia's back are believed to have offered protection frarn predators while it
walked along the sea floor searching for food.

This creatures' story still is not complete as scientists are still debating over which way

the creature faces - as the orientation of the head and tail has yet to be confirmed. This is
largely because when researchers uncover Hallucigenia, the head is normally poorly
defined and a dark stain often obscures it. The stain is sometimes thought to be internal
body fluids that were squeezed out of the creature's body from the weight of sediments

from above.

Figure 11: Opabinia

When Harry Whittington, an authority on Burgess Shale fauna, revealed his 1972
rendition of Opabinicl at the PalaeontoIogicd Association in Oxford, it was greeted with
loud laughter - presumably a tribute to the strangeness of this animal. Opnbinia is a rare
animal with only a dozen or so good specimens found to date. Of these, Wdcott found
nine, and the Geological Survey of Canada found another in the 1960s.
Walcott essentially classified the Burgess Shale fossils with the confidence that
everything he discovered belonged into an existing classification of animals. He did this
owing largely to the social climate of the period where many scientists believed virtually
all questions could be answered by what science had already known. However, science
can sometimes blind researchers such as Walcott by presenting concepts without proper

resolution. A humorous example of this occurred with Opabirria and is explained in
Stephen J. Gould's 1989 book Wonde@ul Lve:
"Walcott, following our primal biases of gender, found two specimens that
appear to lack the frontal nozzle. On one specimen, Walcott found a
slender, two-pronged structure in the same location as the nozzle. Walcott
therefore concluded he had discovered sexual dimorphism in Opabirlin: the
strong and stout nozzle belonging to the male (naturally), and the slender
structure of the more delicate female. He wrote that these supposed
females 'differ from the male.. . in having slender, bifid frontal appendages
instead of the strong appendage of the male'. He even foisted the
stereotypes of active and passive upon his fictitious distinctions, arguing
that the nozzie 'was probably used by the male to seize the female'."
(p. 128)
Later research by Whittington found that by dissecting one of the original specimens, he
found the jagged edge of the break point, where the nozzle had indeed been broken off.

With its five stalked eyes and vacuum-nozzle probe capped with a group of grasping

spines Opabinin was surely a formidable predator and it unlike any animal ever known thus Opabinin constitutes an entirely new phylum. The trunk is divided into 15 segments,
each bearing a pair of downward-directed fins. Opabinia is thought to have lived in the
soft sediment on the seabed where it swam in pursuit of prey using the lateral fins (or
lobes). The long probe extending from Opabinicl was presumably used to grasp prey and
transfer it to the mouth beneath the head. It has been suggested that the probe may even
have been plunged into burrows to extract worms. (Briggs et al, 1994)
Even more interesting is why did Opubiniu's lineage not survive the test of time? Surely

five eyes and a claw-like grasping appendage of such a unique predator would be useful
tools for survival in the Cambrian Ocean. The truth is, no one is really sure why
Opnbirziu and many other Burgess fauna did not succeed in continuing their existence.

Trace Fossils (worm burrows found in the rock record)
Scientific theory is constantly evolving and changing depending on new discoveries and
information that will either complement or replace prior conclusions. The Burgess Shale
High School Research Project, (a group involving 25 students from Canmore, Banff and
Golden, the Burgess Shale Research Foundation, Parks Canada and the University of
Calgary) has made a discovery that may well change 80 years of scientific thinking.

With help from geology experts such as Dr. Charles Henderson and Dr. Wayne Powell
from the University of Calgary, students have been studying and cutting into rock
samples collected from the Burgess Shale Quarry. The samples being studied were from
sediment bedding planes that were laid down at the bottom of the ocean 520 million years
ago. Over a span of 10 million years, these beds were buried under about 10 kilometres
of other rock. During this time these layers were subjected to tremendous pressure and
heating perhaps as high as 300 degrees Celcius. The Rockies were then formed between
165 million and 85 million years ago. Tremendous uplifting and erosion processes

exposed the rocks of this mountain range and the fossils contained in them. This is how
the researchers are able to uncover the fossil beds that previously lay so far below the
earth's surface.

The students determined that all the samples collected from the site had been heated to
about the same temperature and the rocks had all been metamorphosed, (altered in
composition because of heat) yet the fossils still remained recognizable despite all that
heat! Analysis of the material in the fossils reveals mica and muscovite (minerals
associated with oxygen that are not normally found in fossils) which shouid not be there.
Also found in the shale were worm burrows - this suggests there was life in these burrows
(also known as trace fossils) underneath the ocean floor. Researcher Dr. Wayne Powell
feels this is important new information because "since the early 1900's, all scientists
thought all animals lived on top of a large escarpment (at the Burgess Shale site), and
when these fell from the escarpment into the deeper ocean - all were buried at the same

time (figure 12). These trace fossils of worm burrows meant that animals were living at
the bottom of the ocean, which is unbelievable". (Canmore Leader, February 18", 1997.
p. B 1) Researchers such as Powell find this 'unbelievable' because the environment at the
base of the escarpment was cold, dark and low to no oxygen. Oxygen is an essential
component for the survival of all life from bacteria to large predators. Interestingly,
scientists acknowledge that this anoxic environment largely contributed to the perfect
preservation of the Shale because scavengers and bacteria could not survive and therefore
consume the animals in such an inhospitable place.

Figure 12: The Slumping Process of Deposition from the Burgess Escarpment.
This sets the stage for future investigations
of variations in preserving skeletal and
organic material. For example: Does
evidence of these trace fossils (worm
burrows) suggest a low-oxygen
environment that was sufficient to sustain
life under the sea floor? This is an
interesting query, considering the quality of
preservation of Burgess Shale fauna is
thought to be as a result of a lack of oxygen
- a key component to the decomposition of living matter.

Recent research by the high school students (1999) suggests that the trace fossils are
possibly the final movements of worms who cascaded down the escarpment with other
animals and died shortly after leaving their find signature in the mud. However, further
research and testing is required before scientists will be able to definitive say why trace
fossils are present. Will scientists studying the Burgess Shale find all the answers, or will
they ever realiy understand and explain the story of a time so long ago?

Figure 13: Drawing of Hallucigenia

Original artwork by Kerry B.Clarke

Figure 14: Opabinia

Original artwork by Hidemichi Fujitarni

Figure 15: Anomalocaris

Original artwork by Hidemichi Fujitarni

CHAPTER 4

GEOLOGY THROUGH ART

Introduction
In this chapter, students learn about the grand cycle of geology; climate change in relation
to mountain building, the process of deposition, tectonic plate movement and the
erosional process using the artistic works of Canada's famous artists: The Group of

Seven. After examining the interpretation of several works of art, the students are guided
through the geologic history of the Yoho region, and then create their own works to
describe and interpret their observations of the landforms they see.

Geology Through Art

Organizational Framework
Objectives:
+

Understand the grand cycle of the geologic process.

+

Appreciate the historic interpretations of Canada's Group of Seven.
Recognize evidence of climate change over geologic time.

+

Create sketches, drawings or paintings of landforms in the Yoho region and interpret
their works in a geologic context.

+

Experiment with different artistic techniques to demonstrate geologic processes.

Curriculum:
Art 20
Record: Concept A:
+

Sketching and composing skills can be developed by drawing from representational
sources.

Communicate:
+

Use the vocabulary and techniques of art criticism to interpret and evaluate both their
own works and the works of others.

Encounters:
+

Recognize that while the sources of images are universal, the formation of an image is
influenced by the artists' choice of time, medium and culture.

+

Exaggerating, distorting and rearranging pans of images are means of solving visual
problems.

Science 20
Unit I: The Changing Earth
+

Describe the layers of the earth.

+

Describe the theory of plate tectonics.

+

Infer the relative ages of rock layers, using geologic principles.

+

Make inferences about climate, based on the rock record.

+

Modelling the effects of glaciation.
Interpreting topographicd features and drainage patterns in terms of past glaciation.

Materials:
Copy of A Guide to Geology and Art of Yoho National Park for each student
(included in the following pages).
Art supplies (depends on economics and accessibility) water colour paints, oil paints,

paper, canvas, pencils, and other related materials. If these cannot be obtained,
pencils and plain paper can also be used.
Something comfortable to sit on during sketch sessions.

Resources:
A Hikers Grride ro Art of the Canadian Rockies (1996). Christensen, Lisa.

Time:
Approximately 60 minutes class time to read and discuss A Grride to Geology and Art
of.Yoho National Park in class prior to the field study and conduct the optional
experiments. Consideration must be made for the time it takes to access the desired
location for this lesson. In most cases, allow for an entire day to travel there and
back. Upon arrival to the pre-selected sketch site, spend 1 to 2 hours in the field to
draw selected landforms. Ensure that the students are prepared for inclement weather.

Location:
Any scenic location in the Yoho region would be suitable. Some suggestions are:
Lake O'Hara
Shore of Emerald Lake
Stanley Mitchell Hut

Takkakaw Falls
Hamilton Lake
Contact the Yoho National Park Information Centre in Field, B.C. for trail conditions and
closures due to bear activity: Phone: (604)-343-6324.

Instructions
1. Provide each of the students with a copy of A Grride to Geology and Art of Yoho

National Park. The guide is a general description of the formation of the Rocky

Mountains using the artwork of the Group of Seven.
3. Conduct an activity to simulate the theory of tectonic plate movement to introduce

this unit. Dividing the students into groups, provide them with a pot, a burner and a
bag of dinner or hamburger buns. Fill the pots 34 full of water and bring to a roliing
boil. Place as many buns as you can on the water's surface. Observe what happens to
the buns.
The buns bump into each other and move around the surface of the pot.
Bits of the buns become saturated and pieces begin to break off, float away and
disappear - making the water murky.
Boiling water pumps up between the buns.

Turn ofhear before all brins break apart.
-Material cools and collects on surface of water.
Use the following explanation and information from Figure 16 to explain the

experiment.

Background
Figure 16: Molten Material Rises and Cooler Material Sinks Causing the Currents

that Move Tectonic Plates.
A broken shell of rocks that is about 70 km thick
covers the surface of the earth. This entire layer is
known as the crust, and it consists of vast blocks - or
plates - irregular in shape and size. These plates exert
tremendous pressure from above, and this pressure and
temperature causes the rock material below the earth's
crust to bend like hot plastic. This unstable platform allows the plates to move against
each other as a result of the convection currents caused by the heat of the earth's mantle.
Where convection currents sink into the mantle (the zone of rock that extends downwards

from the crust for 2900 kilometres), plates are pushed together or slide past each other.

The plates move or slide on a partly melted layer of mantle called the asrlrenosphere that
lies just below the lithosphere. The main cracks and weaknesses in the lithosphere are
located at the boundaries between the plates. This is where plate collision m d other
seismic activity occurs. This theory of plate movement is called plate tectonics.

Explanation of the experiment
The heating of the water beneath the buns represents the convection currents that lie
within the earth's mantle. These currents rising from the heat forces the buns to move
across the surface of the water - much like the earth's plates float on the Iayer of mantle.
As the hot water softens the buns, the debris travels under the surface and is recirculated

with the boiling process. Buns that bump against each other or become stuck together
represents how land plates can break apart or combine. Turning the heat off and on
demonstrates how the landscape can change over extended periods of heating and
cooling.

3. Conduct an activity to simulate the theory of how glaciers shape the landscape.
(Some materials may require students to do this at home). Divide the students into
groups and provide them with a freezer compartment with a wire rack, a square cake
pan, and a brick o r another object of similar size and weight.
Fill the pan with water
Put it in the freezer until it is frozen
Remove ice block from the pan and place on the wire rack in the freezer
Place brick on top of the ice and close freezer door.

24 hours later, check the bottom of the ice block
The ice flows around the spaces in the rack because the pressure from the weight of
the brick made the ice melt slightly where it was in contact with the bars of the
freezer.

Explanation of the experiment
A glacier moves in the same way as this experiment demonstrates. Pressure from the

glacier's weight melts some of the ice at its bottom. The glacier moves along slowly on
that layer of water. Increased snowfall from a long cold winter can increase the weight
and the downward flow of a glacier. While glaciers in the Yoho region used to move
forward up to several kilometres in the past, the last hundred years have witnessed all of
the glaciers receding as a result of increasingly wann temperatures and reduced periods of

cooling.

4. Using the information gathered from A Guide to Geology and Art of Yoho National

Park and the experiments, discuss each of art works with the students.

5. Once in the field, have the students bring their art supplies to paint or sketch a
geologic landform that they can easily use as a subject. WhiIe seated in a comfortable
spot, students can sketch or paint the scene and capture a stage in the grand cjcle of
the geologic process. Students could also write a descriptive paragraph that explains
their interpretation of the work.

A Guide to the Geology and Art of Yoho National Park
Geology is a formidable topic for those unaccustomed to its words and terminology. Not
unlike most of the sciences, Geology is based upon probability, measurement and a series
of rules that define interpretation. The geology throughout the mountain parks of Alberta
and British Columbia is a long and complicated story of chemistry, physics and time.
The forces that created these inspiring views and rugged terrain are as awesome as the
task in trying to explain how they became that way. Some geologists will explain that the
Rocky Mountains as they exist today were formed as a result of detrital, chemical and
biochernicd sedimentary rock layers being faulted, thrusted, folded into a Eugeocline and
Miogeocline. Depending on the clastic texture of the particles of sediment, these were
cemented into either conglomerate or sedimentary breccia.

This is a bit of a mouthful

for those who have neither the interest nor the patience to grasp this language. Certainly
this science can explain what the formations are, but is there a way to illustrate what it all
means?

Historically, it has been art that has attempted to capture the meaning, the emotions and
grandeur of the mountain landscape. Artists from all over the world travelIed to regions
like Yoho National Park to focus their talents on the Rockies. This work is an attempt to

draw the science of geology and the romance of art together - with the aim of hopefully
obtaining a greater understanding of the forces that created the scenery, and the
reflections of that scenery as depicted by artists. The works that will be discussed here
shall represent a particular period in the art history of the Canadian Rockies - from 1920
to 1940. This is a time when a Canadian identity was being interpreted through the
talents of a collection of artists known as the Group of Seven. These men were among
the first to paint the landscapes and their art awakened and inspired an awareness of the
rugged beauty of Canada. They were significant because they painted the countryside by
going out into it: and becoming part of the landscape (Mellen, 1970). Then, their work
challenged the notion of established art in Canada; perhaps today their work can be used
to challenge the established notion of geology. Simply put, you do not have to be a

geoLogist to understand and appreciate the story presented in the rock - art can serve ;ts
the vehicle to translate this science.

Figure 17: The Group of Seven

The dramatic landscape reflected by the geology of Yoho National Park commands a
stimulation of the senses both visually and mentally as your gaze wanders from peaks to
forested slopes. Apart from the obvious beauty of the region, there is a great deal of

knowledge that can be interpreted and explained through some basic understanding of
geology and mountain building. That the land is beautiful is only a two dimensional view
of what can be seen; how it came to be in this form and how others before have
interpreted the same landscape lends itself towards a more three-dimensional view.

Most who look on the mountain landscape get the sense that it is a static and motionless

environment that has changed very little since creation. Mountains are, after all, made of
rocks, and rocks are hard. In fact, nothing could be further from the truth. Rocks and the
structure of the earth are flexible, and form a changing, dynamic and an ever-beautiful
canvas of creation, loss and renewal.

Change is a key term in relation to geology, and it is epitimized perfectly by the adage
that 'matter is neither destroyed or gained, it merely changes from one form to another'.
Rocks are matter, and they are altering every single day over a minute scale of change.
Yes, they are changing, but it occurs over a period that is so tremendously long that the
change cannot be measured or witnessed over a human lifetime.

The transformation of matter into the mountains we know today is an exceptionally long
story and is even more difficult to g a s p owing to the sheer enormity of ritne. Humans
understand time in hours and minutes; geology understands time in epochs and periods

that span milliorls of years. In trying to undentand mountain building we must forget
human time and think in geologic time. To do this we can imagine the earth's history

represented by a one-hour clock. If human existence occupies the last second of earth
history; the following story would take up hventy min~rtes!
Not all rocks are the same, as they are all shaped and created differently from a wide
variety of ingredients. After these rocks are created, the story becomes even more
complicated as they behave and alter differently when exposed to certain forces. These
forces that alter rock matter from one form to another actually follow rhythms, motions
and movements that characterize the development of the earth's landforms. Just as an

artist's brushstroke works away to change a blank canvas in managing differing methods
of pressure, speed and brushes, forces from deep within and around the earth work to
change the landscape. Furthermore, terms that are used to describe paintings such as

flow, contrast, depth, form, balance, receding, fading, bending, and texture; are applicable

to earth science and understanding geology. In other words, the geological history of any
region can be compared to an artist's painting.

Figures 18 and 19 demonstrate how our familiar Alberta landscape would have looked
and changed over the last 1000 million years. Those of us who found ourselves suddenly

in the vicinity of the Rockies at this stage would be ill prepared without a boat or scuba
gear. During the period in Figure 18, the land where Alberta now sits was little more than

Figure 18: Western Canada 1000 Million Years Ago

Figure 19: Western Canada 350 Million Years Ago

a lifeless desert with large tracks of sand drifting over granite and metamorphic rock
(rock that has been altered in structure either through heating or a chemical process). The
landscape could be described as a slowly eroding land mass depositing particles of debris
into a gradually sinking seabed.
Figure 19 illustrates that Western Canada's ancient coastline was not static, in fact the
shoreline transgressed and regressed depending on the rising and falling of sea level. 350
million years ago the land was no longer devoid of life but was home to a variety of
animal and plant life. This long process of a changing shoreline can be compared with an
artist revisiting a scene that was painted perhaps 20 years before. The new painting will
appear similar but be slightly different as a rockslide may have created another scar or the
trees have grown taller.

Laying the Groundwork

-

1600 190 Million Years Ago

The Rockies were formed essentially from the debris particles and ions of other rocks, in

what geologists refer to as sedinlenrary. The rocks and sediments that make up the
landforms of the Canadian Rockies are much older than the forces that shaped them.
1600 - I90 million years ago, the Pacific Ocean covered what is now British CoIumbia

with a shallow sea. Large rivers flowing from the land laid down a thick layer of
sediments (in some places 15 000 metres thick) into the shallow ocean and produced
large flat deltas. The process of laying these sediments down upon a surface is called
deposirion. Sediments that were introduced from the land are known as tenigenious - as

in terrafernla, Sediments were also introduced onto the sea bed because of a chemical
process from various minerals that were suspended in the shallow ocean - some minerals
in the form of ions became so concentrated that they began to join with compatible ions,
form larger molecules and sink to the bottom. The input from these two sources of
sediments varied relative to the ocean currents, water depth, and encroachment of the

ocean back and forth along an ancient coastline. The combined weight from both these
forms of overlying sediments squeezed moisture and air from between the sediments to

the point of compacting them together in solid rock. It is this thick sequence of rock
layers that would become the Rockies.
For the period between 1600 - 400 million years known as the 'Pre-Cambrian, Cambrian,
Ordovician and Silurian', the sediments deposited on the ocean bed consisted
predominately of large amounts of sand which formed rocks made of sandstone and
quartzite. The rock types from this time are very well preserved in the Rockies today and
form spectacular walls such as those found around the Lake O ' H m region of Yoho
National Park; an area that was frequented by several Group of Seven artists.

Figure 20 illustrates the layering of sediments that occurred in the shallow waters of an
ancient coastline between 1600 - 190 billion years ago. Notice the increase in depth

among the layers that lie further offshore.

-

Figure 20: Cross Section of Sedimentation 1600 190 Million Years Ago
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400 200 Million Years Ago
The processes of deposition continued much the same as before, the only difference was
in the type of sediments being deposited. Clay, silt, and lime muds were deposited here
to later form rocks made of shales, limestones and dolomites. The change in sediments
came as a result of organic materials such as soil and plant matter that eroded away from
the landscape and was mixed together with other rocks and minerals.

-

200 3 Million Years Ago
After over a billion years of deposition, forces from deep within the earth caused a
dramatic change to the landscape. The earth is re-divided by the break-up of the
supercontinent Pangea into a series of extremely large plates that essentially float on a
cushion of semi-molten rock. This 'plastic' rock allows for the plates to move about and
collide with one another. Where the plates grind against each other is typically where you
find seismic activity from below the earth in the form of earthquakes and volcanic
eruptions. After several thousand metres of sediments had been laid on the ocean floor,
the movement of these plates and the resulting collision between them forced the dense

ocean plate to slide below the lighter continental plate. The thrusting process of this
collision shredded away some of the upper layers of the ocean floor and stacked them on
top of the continental plate. The continental plate repeatedly bent and folded under the
stress of the constant collision, and eventually broke again and again over a 200 million
year period. It was this movement of plates, which resulted in the creation of the Rocky
Mountains.

Figure 21: Collision of Pacific Plate and North American Plate
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This collision was not an isolated event. In fact, occurring over several different stages,
this folding and faulting progressed for nearly 200 million years. Each stage created a
different range of mountains. The peaks created by the collisions were significantly

higher than they are today. In the following 57 million years since their formation, the
Rockies have endured tremendous erosion from water, wind and ice. Look at any
mountain today and you find large slopes of gravel or 'talus' that cover the lower reaches.
These are rocks that have come from the summits above and laid themselves on the
shoulders below. Owing to the 'softness' of the rock on these summits, many of them
have been eroded

- and essentially the Rockies of today are up to their armpits in their

own debris.

Putting it Together

The Result of Deposition and Collision
With the powerful combination of large amounts of sediment deposited on the ocean

floor coupled with the enormous strength of the oceanic and continental plate collision,
this was a perfect recipe for mountain building. Thanks to the good fortune of these two
factors, the Canadian Rockies became an exquisite display of rock and ice. Keep in mind
that a large degree of sediment was in the form of sand that would become sandstone and
quartzite well before mountain building occurred. These rocks would provide some of the
spectacular vertical walls of Yoho. An example of these wdls is illustrated in Lawren

Harris' Lnke O'Hara, 1933 (Figure 22).

Figure 22: Lake O'Hara, 1933. Lawren Harris

This work reveals a broad cross-section that is ideal for obtaining a sense of what the
environment, in which the sediments that fonned these mountains, was like. Dominated
by the power of the ocean, the process of laying sediments seen in k k e O'Hara, was
hinged on what is referred to as a 'Grand Cycle'. Over millions of years, there would be
an ebb and flow of those sediments - back and forth, thick and thin. Much in the same

way waves broke along the ancient coastline; removing and redepositing sand, silt, mud,
and clay. Sometimes this rhythm of deposition was unchanged for many millions of
years, sometimes one rhythm was broken by several different ones; combined together
these processes give a Grand Cycle of varying events. Harris' composition demonstrates
both of these rhythms. An unchanged rhythm of deposition is seen by looking at the dark
and uniform cliffs that immediately surround the lake. These cliffs are clearly formed
from the same dark coloured rock type. The sensitivity of a full and dark texturing on the

foreground cliffs reflects a feeling of the repeated layering of sand that formed durable

quartzite, caused by the pressure of an extended period of uninterrupted deposition.
Quartzite originates from sand, and its presence tells us that it was laid on the ocean bed
during a long period of run-off from the land - as sand particles eroded from the
continental shelf and were dumped into the ocean. Remembering for a moment how the
region used to be an ancient coastline, one can imagine an incessant rhythm of small
waves crashing every few seconds onto the shore, over several hours, into days, into
months, years, and millions of years that gradually built up layer upon layer of sand.

Conversely, by looking at the parallel layers extending from the left hand summit and
down to the darkened quartzite, we get a sense of an inconsistent rhythm from the varying
depths of rock or 'strata' layers on the mountain face. These wavy flowing lines
represent a notion of ebb and flow, removing and redepositing silt, mud, and clay. The
stacking of obviously different bands of sediments in different amounts as compared with
the darkened cliffs of quartzite suggests an inconsistent sea level - a rising and falling of
water over long geologic time and thereby causing an active movement of waves, current
and varying layers of deposition. The dark bands are in fact a shale rock (from mud) that
suggests an increasing depth of water, while the lighter band suggests limestone (mineral
ion concentration) and a shallower depth. The alternating bands captured by Harris
indicates a repeated cycle of an ocean that became deep and then shallow - over and over
again. Thus while one portion of the painting represents a constant rhythm and flow of
uniform deposition that was unchanged for many millions of years, the other reflects a
dynamic and violent exchange of varying sediments over a similar period of time.

As previously mentioned, the period following the Cambrian (500 million years ago) was

a continuation of the deposition process. However, these sediments tended to be more of
clay, silt, and lime muds. This resulted in the formation of shale, limestone, and
dolomites. These deposition beds resulted in some strong and resistant rock such as
Cathedral Limestone, which forms many spectacular cliffs. Cathedral limestone,
composed of silt and lime muds, makes for dramatic walls and cliff faces that dominates
the scenery in Yoho. At 3 189 metres, Cathedral Mountain is an impressive display of this

formation. Arthur Lismer, following the advice of Lawren Harris and A. Y. Jackson, was

in awe of the rugged western landscape. His composition of Carhedral Mourrtain, 1928,
(Figure 23) translates the larger than life impact that land impressed upon him. In
attempting to capture the benevolence of Cathedral, Lisrner claimed to "see a rhythm
between sky and land.. . it was very challenging.. . Cathedral Mountain is a memory".

(Christensen, 1997, p. 85) Beyond the imposing ramparts, Lismer's strong composition
demonstrates the Cathedral formation of limestone and dolostone cliffs.

Figure 23: Cathedral mountain, 1928. Arthur Lisrner

The mountains of Yoho are made up several different rock types, and they all erode and
break differently. Resistant rocks such as limestone, dolomite and quartzite are separated
by weak layers of shale. In Cathedral's case, softer rock has broken away from the

mountainside and left limestone and dolostone, which is much more resistant to
weathering and erosion. The resistant limestone formations become cliffs while the weak
shale layers are eroded to become ledges, giving the appearance of a 'layered cake'. All
of these formations remained largely horizontal during mountain building, and the
sedimentary bands are now clearly seen along the mountainside.

Peaks such as Lismer's Cathedral Mortnrain essentially are the classic shapes that make
the Canadian Rockies so distinct, These peaks are commonly referred to as castellated,
as a result of their castle-like appearance. Castellated mountains often contain bowl

shaped glaciers on the eastern aspects, and alpine valley glaciers on their north aspects.

Carving the Landscape
While the building of the Rockies has been detailed through the previous paintings, the
shaping of the Rockies has occurred by very different forces; water, wind and ice.
Running water has carved the rocks of these mountains since day one. Pounding it
incessantly with its own strength and combined with the chiselling effect from debris
carried in its current, water is constantly eroding the rock. The current from creeks and
rivers moves sediment and larger rocks that hammer away at the riverbeds and banks.
This carving action results in the formation of deep V-shaped valleys. These valleys were
short-lived however, because the arrival of the glaciers carved them into an even deeper
U-shaped valley as they were filled several times during the repeated ice ages.
Wind can contribute to erosion as well when it picks up tiny particles of rock and blasts
them into the mountain slopes - each grain of rock acting as a minute chisel, slowly
eroding away the mountain surfaces. Wind also reduces the temperature of the rocks,
freezing water lying between the cracks and splitting the rock as the water turns into ice
and expands.
Finally, it has been glaciers that have scraped and shaved away the rock, drastically
reshaping the landscape from its original form and leaving grooves in the rock to mark

their passage. These are all processes that continue today, and it should be stressed that
the Canadian Rockies are indeed eroding and very slowly becoming smaller.

Glaciers
Four major ice ages over the last two million years have greatly changed the mountains.
This period, or in geologic terms, epoch, is known as the Pleistocene. More significant
than the name, however, is the fact that during this time, the ice age consisted of repeated
periods of advance separated by long periods of retreat. The ice caps carved themselves
over the Rockies during several advances; the Illinoisan (240 000 to 128 000 years ago),
and twice during the Wisconsinan advance (75 000 to 44 000 - 20 000 to I 1 000 years
ago). The cause of this glacial period is subject to some debate. The most widely
accepted theory is that the heat received by the earth from the sun declined to the point
that the summer months were insufficiently warm enough to melt the accumuIations of
snow from the winter. As the fallen snow crystals aged, they altered their shape into
grains, and eventually these grains were compacted into ice. It takes an accumulation of
approximately 30 metres of snow for the grains near the bottom to transform into glacial
ice. (Pole, 1993, p. 189) Thus over long periods of time, the snows are continually
compressed into ice, and eventually become thick enough to actually flow slowly over the
landscape from the high peaks and down into the lower valleys. So great was the advance
of ice sheets that at one point the toes of the glaciers reached out into the prairies and into
the British Columbia interior.
While the glaciers that remain today are indeed spectacular, they we but a fraction of the
once great ice sheets that covered the landscape. In Yoho, glaciers are restricted to the
higher peaks and hanging valleys of the park on shaded mountainsides or areas of high
elevations along the Continental Divide. Formerly, these glaciers were several thousand
metres thick and carved the landscape into the striking forms that artists would paint.

Perhaps the greatest distinctive feature of valley glaciation is a U-shaped glacial trough.
Mountain valleys that are eroded by water are typically V - shaped in a cross section; in

other words, they have valley walls that descend steeply to a narrow valley bottom.
Valleys that have been scoured by glaciers are deepened, widened, and straightened to the
point thar they possess steep or vertical walls, but have a broad and flat valley bottom.
Thus, this tlattened valley floor forms an obvious deep U - shape.

Figure 24:
C h r i n g Weather, Sherbrooke Lake, Above Wapla Lake, 1928- 1929.J.H. MacDonald.

I.H. ~MacDonaid's Clearing Weather. Slzerbrooke Lake. Abow WcrpfoLake, c . 1928 or
1929, (Figure 14) gives a classic view of a deep U - shaped valley carved by a glacier.

Macdonald's composition commands a downward sweeping motion from both sides of
the canvas - culminating in the meeting of left and right slopes at the valley bottom. This

frontal view of the valley personifies the glacial movement as it comes directly towards
the viewer. Carrying sediments in the form of huge boulders and blocks of rock tom

from the mountainsides, the glacier crashed its way along the valley fall gouging and
grinding as it slowly advanced.

Figure 25: Isolation Peak, Rocky Mountains, 1930. Lawren Harris

Lawren Harris' work Isolarion Peak, Rocky Mounraiits, 1930, (Figure 25) demonstrates

some key features that have resulted from the influence of glaciers in Yoho National

Park. The peak's name is actually Mont des Poilus, located in the Waterfall Valley, and
was so named in honour of the hundreds of young French privates who perished during
the First World War. The dramatic triangular shape of the peak has been caused from
glaciers tearing away at all four sides of the mountain simultaneously. During the ice
ages. only the highest peaks in the Rockies remained above the reach of the destructive
ice sheets, and these summits that were fortunate enough to escape the glaciers' power
were left as a spectacular pinnacle. Mountaineers often refer to such formations as a

'horn'. Harris' green-like layers extending from the Mont des Poilus represents the
icefields that still surround the peak. His texturing of the glacier leaves us with a sense
that there is indeed movement continually occurring on the glacier. While to some degree
this is true, as the ice closest to Mont des Poilus is a dynamic and flowing sheet where
crevasses open and close, the toe (or front) of the glacier is in fact receding.

Figure 26: Mount Lefroy, 1930. Lawren Harris

Another work by Lawren Harris; Molrrzt Lefroy, 1930, (Figure 26) also illustrates the
resulting effect of four sided glaciation. This triangular motif exaggerates the true form
of Lefroy, but it also compounds the spirit projected by the mountain. Perhaps in an
almost deliberate attempt to emulate the steeple of a church, Harris is expressing a
profound religious connection to kfroy - an attitude that is not an uncommon feature
among those who venture into the high country. Whatever the case may be, Harris

captures the dizzying heights of Lefroy's scoured faces t o n by the glaciers so long ago,
and leaves a sense of some form of enormous power that was responsible in creating this
sculpture.

Hanging Valleys and Glacial Lakes
Figure 27: Cathedral Peak and Lake O'Hara, 1927. J.H. MacDonald

The effect of the glaciers can also be seen in I.H. MacDonald9sCathedral Peak a n d Lake
0 'Hnm, 1927 (Figure 27). Glaciers could not only carve deep U-shapes in the wider

valleys, but would also grind away at the land higher up in the alpine regions. Lake

O'Hara sits in a hanging valley, which is essentially a valley that hangs over and above a

larger valley below. Macdonald's work provides us with a perspective looking from the
back of this hanging Lake O'Hara valley and down into the larger valley adjacent to
Cathedral peak below. After the glacier had done its work and the warmer climes
resulted in a retreat of the great icefields, the depressions left by the ice were still visible

by the melting ice filling them. These resulting glacial lakes were no doubt a source of

great inspiration and are the subject of many paintings by artists who frequented them.

Cirques
Figure 28: Lake McArthur, 1941.

Lake McArthur, 1941, by J. W.G (Jock) MacDonald, (Figure 28) illustrates another
remarkable trait of mountains left by the glaciers. As the enormous icefields fiiled the
gaps of the Rockies, they carved a circular bowl for themselves at the foot of the peaks.

This glacier is termed a cirque glacier owing to this bowl shaped amphitheatre, and the

name is derived from the French word for circle. As the majority of ice receded with the
melting of the icecaps, deep sheltered areas such as Lake McArthur harbour the remnants
of the glacier's former self.

What the Group of Seven accomplished in their works depicting Yoho's landscape is

truly remarkable. Today, it is easy to become frustrated in trying to capture the panorama
of the Canadian Rockies on film. These men succeeded in developing an art as described
in 1929 by J.H. Macdonaid that was 'the successful communication of a valuable
experience'. Indeed, the Group of Seven provides the observer with the emotion
associated with being in the mountains and can relate to the value of the artists'
experience. One cannot help but translate their lines and colours into what it feels like to
be there. Scanning their work draws the viewer into the landscape, and carries them onto
the slopes and glaciers, next to the emerald lakes and into the thick woods - along an
almost tangible journey of texture and mood.

People unfamiliar with geology should not be intimidated in trying to understand it.
Hopefully this piece has introduced geology and earth science as a rhythmic and endless
cycle of beautiful changes that can be grasped if only by associating it with other methods

of measurement and interpretation. The artistic association used here is but a brief
snapshot of the landscape that will continue to change beyond our lifetime. By enjoying
these works as the agents of interpretation, we can implement art as the tool to achieve
not just a moment in geologic time, but as Lawren Hanis once suggested in 1933: "the

most desirable moment is not a retreat from reality, but reality itself' (Christensen, 1996,

p. 26). Arthur Lismer also described this attempt to understand the land before him:
"The iristory of the landscape is the ilistory of the lrrtmcrn spirit. It
is concerned with the environment - it is the backgrormd, the
foregrortnd, the middle distance, and the distance. It conrainsflorvers
crrtd leaves strearlts and mortntains, hill, skies. It is cotzcemed with
detail, space, rvith lirle - ~viththe beauy of SAT and thefinn and
bearitijirl earth, the expanse and wonder of the sea. It e-rpresses
rnood, citaracter, poetry, drama - the gerztle and the savage, the
primitive and the sopllisricated. It is the horne of light and air - it
sofiens our arrogance and sripremacy, soothes our longings and
fr~istratians." (Christensen, 1996, p. 2)
Applying these notions to the mountains offers an opportunity to explore and reflect the
space within ourselves. Much like those who endeavoured to paint these sumoundings,
we too can indulge in contemplating questions of their development, our relationship with

them, and attempt to find belonging within such a magical place.

CHAPTER 5

HIKING THE TRAIL TO THE BURGESS SHALE

Intreduction
This chapter is a guide that provides a chronological description, key points of interest,
and some natural history for those who are unfamiliar with the trail leading up to the
Burgess Shale Fossil Beds.

Often described as the most important fossil beds in the world, the Raymond and Walcott
quarries are a priceless scientific finding that bears an interesting quirk of the National
Parks system: a protected area within a protected area. The fossil beds have been
designated one of Canada's 10 world-heritage sites by UNESCO, the United Nations
Educational, Scientific and Cultural Organization. Teachers are advised that accessing the
beds is permissible only with a licensed interpretive guide from the Yoho Burgess Shale
Foundation. These guides welcome additional input from teachers who wish to copresent a program to their students. Bookings can be made by phoning toll free 1-800-

343-3006.
Depending on the goals for this excursion, teachers may consider using all or only a
portion of these activities. The hike is a long day, and it will be challenging to get the
class to accomplish much in the way of academics dong such a strenuous trail. Having
said that, this guide can serve as an orientation to the area or as a series of post activities
after returning home from the field study.

Many have remarked on the almost fitting location of these fossil beds, and it would be a
grave injustice not to address some of the obvious natural features surrounding the
Burgess Shale. Hanging glaciers, dense sub-alpine forests, colourful wildflowers and
emerald green coloured lakes are just a fraction of what can be found along this trail.

The layout of the guide includes:
A map of the Rocky Mountain National Parks system along the Alberta and British

Columbia border.
A partial topographic map for referencing the region. Contact the Yoho National

Park Information Centre for more detailed maps and trail conditions (250-343-6783).
A timeline starting from 8:45 a.m., and the text continues with the approximate travel

time to each point of interest.
Photographs identifying significant features and locations.
Discussion topics and background information.
Questions for your students to consider as they move through the landscape.

Lesson plans and curriculum connections.
Suggested links to other lessons located elsewhere in the guide.

Figure 29: Map of the Rocky Mountain National Parks

Figure 30: The Burgess Pass Trail and Emerald Lake Regiofi

The trail begins in top-centre of the map (Whiskey Jack Falls) and it runs Nonh - South
until the bottom of the map at the town of Field.

Organizational Framework
Start: 8:45 Takkakaw Falls Parking Lot
End: 6:30 p.m. in Field at Yoho Brothers
Time: Approximately 10 Hours

Distance: Approximately 19 kilometres
Elevation Gain: 880 metres
From the Parking Area to the Trailhead at the Youth Hostel
Access to the trailhead is made by traveling up the Yoho Valley Road until you arrive at
the Takkakaw Falls parking lot - and leave your vehicles there. It is advisable to leave a
vehicle at the 'Yoho Brothers' store in Field as that is where the hike concludes. This
way, a vehicle can shuttle back to the start at Takkakaw Falls to collect vehicles left there
in the morning. The trail begins from the Youth Hostel, but popularity and parking

restrictions make the Takkakaw Day Use Area the appropriate place to stage from. The
trail from the parking lot leads South past the falls (back towards the direction you just
drove from) for approximately 15 minutes along a grass field to the Youth Hostel. Five
minutes from the falls is an observation deck and a suitable location for lessons from the
Lnndfonns Made by Rrutnirzg Water in the next chapter. The path leading away from the

deck and towards the Hostel travels through a fine example of the montane ecosystem
and includes a diversity of plants such as strawberry, willow, grass of pamassus, white
daisy, horse tail and aspen. The aspen are interesting to note because they are part of an

interesting study in Yoho National Park - and this could be the first topic of discussion for
the day.

Trailhead: 8:45 a.m.
Topic Discussion 1: Montane Ecology
The slower moving watercourses of the Yoho valley are prime habitat for beaver, but
seeing even one of Canada's largest rodents is unlikely. There is an absence of their
preferred food source - aspen, cottonwoods, willow and shrub birch is the result of
overcrowding by conifer species such as spruce and fir. Natural events such as forest

fires actually promote aspen growth, as most of the conifers are destroyed by fire thereby reducing competition and opening the forest floor for the aspen sucker roots to
produce young shoots. In fact, biologists recognize that fire in the national park is an
important ecological process that promotes renewal and stimulates the reproduction of

certain plant species. As there has been no forest fire in Yoho for 60 years the aspen
forests are shrinking. Acts of nature such as fire maintain ecosystem health, and as Jasper
National Park's conservation biologist Dr. Peter Achuff says:

"Aspen forests in Yoho may be a small part of the landscape,
but it is critical to all five Rocky Mountain national parks
ecological integrity. A decline of the aspen forest means a loss
far beyond a single species." (Beautiful British Columbia, Fall
1997, p. 42)

In the beaver's case, it means a loss of habitat and everything this species requires to meet
its bzisic needs of food, water, shelter and space. Currently, researchers and volunteers
are exploring the creeks and ponds of Yoho to determine the health of beaver and see

how close they are to disappearing from Yoho. Such an occurrence could well be the
demise for a host of other species as humans begin to understand the complexity of
landscape ecoiogy.

Some issues that can be discussed on this topic relate to the Science 20 curriculum, Topic
4: Ecos).stenw Ofre~tChange Over Time: Describe possible pathways of secondary
succession in a natural ecosystem after a natural or artificial disturbance.

Questions:
What might be some of the potential difficulties associated with setting fires on
purpose (otherwise known as a prescribed bum)?
Should park officials set deliberate fires in the National Parks?
Should nationd parks work to conserve species like beaver?
How might the landscape look without beaver?

Topic Discussion 2: Mass wasting and avalanche slope ecology.
Figure 31: Avalanche Slope

a swath through the forest and left all of the debris in a pile at the base of the slope. In
fact, large snow accumulations in the upper reaches of the mountain create an occasional
crashing wall of snow that strips the hill of tall trees. As destructive as this is, it is a
crucial process for the regeneration of plant life and the ecology of these slopes. The
avalanche paths open the canopy that would otherwise be covered with dense trees, and
this allows for the growth of other plants and shrubs that require a great deal of sunlight.
Many species, such as grizzly bears, require these open slopes to find the lush plants they
need to survive. Eventually, once the larger plants and trees become more substantial,

they will 'anchor' the snow on the slope until such point that another large avalanche
occurs and the process begins anew.

Topic Discussion 3: Vegetative Regions of the Mountain Ecosystem
This topic relates to the Science 20 curriculum, Topic 3: Ecosystems Offer1Change Over

T i ~ ~ rDescribe
e:
possible pathways of secondary succession in a natural ecosystem after a
natural or artificial disturbance.

While this is a day focused on earth science, one of the most commonly asked questions

in the field is 'hey, what kind of flower is that?' This can be used as an effective teaching
moment to investigate some of the plant life of the Rocky Mountain Ecosystem.

There are some 1500 plants in all of the Canadian Rockies, and while not all of them can
be found on the Walcott trail leading to the fossil beds, there are several which repeatedly

appear. This is only a partial List of the most common species, and students with a keen
eye for flora will likely discover plant life not described in this chapter. Refer to Scotter
and Flygare ( 1996) Wildflowers of the Canadian Rockies for a user-friendly approach to

identifying flowers. For a lesson to help students discover the plants of the Walcott trail,
refer to the following Botanical Lessorz plan.

Botanical Lesson
Objectives:
Appreciate the historic exercise of classifying and identifying plants.
Investigate the makeup of a community in a chosen ecosystem and describe in general
terms its structure.

Curriculum:
Science 20

-

Unit 2, Changes in Living Systems Major Concept 3: Ecosystems are defined by a
range of characteristics.
Perform a field study and understand the range of factors that define ecosystems.
Investigate a soil community and consider pH, temperature, precipitation, hardness,
oxygen content, humidity, invertebrates, vertebrates and plants.
Appreciate how ecosystems alter over time as a result of natural and human
influences.

Materials:
pH kit (soil)
Thermometer
Barometer
Oxygen Kit (soil)
Hand lens
Altimeter, Camera (optional)
JournaVPencil

Resources:
Grt ide to Moiztarte. Srrb-Alpine and Alpine Plants (included in the following pages)

Wildflowers of the Canadian Rockies (1996).George Scotter & Halle Flygare.
Edible and Medicinal Plants of the Canadian Rockies (1992). Dr. Terry Willard.

Time:
25 minutes

Location:
Any location along the trail would be ideal for this study. Ideally, your class could collect
data from the montane, sub-alpine and alpine area. Afterwards, comparisons and
distinctions can be made between them.

Background:
Earth Science field studies obviously tend to focus on the rocks and topography of a

given region. However, as University of Calgary Geology professor and frequent Burgess
Shale trail guide Charles Henderson says, "nearly half of the questions on a field study
contend with what kind of plant or tree is that?" (C. Henderson, personal
communication, April, 1997). Therefore, it stands to reason that no trip to Yoho National

Park could be complete without taking a serious look at the flora. Yoho is home to
several different types of plants and trees from the both the conifer and deciduous family.

Figure 32: How the Mountain Ecosystem is divided
Most students, indeed most people, have
difficulties identifying flowers and plants.
Owing to the wide variety of plants in the
Rockies, most people are content to classify a
plant as a flower, weed, shrub, or moss.
There is a great deal to be said about this
primitive method for classification, because
that is how botany and the science of plants
began. When scientists began classifying different varieties of plants they were

discovering in the field they attempted to relate a particular species with something they

were already familiar with prior to classification - not unlike the geologists studying the
Burgess Shale.
When studying flora*it is important to recognize that elevation and aspect to the sun
dictate mountain ecology. Within a mountain ecosystem there are three distinct
vegetative zones that are characterized by specific species of both plants and animals
(Figure 32). Here are some photographic examples of how these typicd regions look in
the Yoho Area:
Figure 33: The Montane Zone
Found at the lowest elevations of the
Canadian Rockies, the montane is
normally found at about 1000 metres
and the upper limit varies between
1350 and 1900 metres according to

location and aspect. In Yoho, for
example, the Kicking Horse Vdiey
is a montane ecosystem dominated
by Douglas Fir and White Spruce, which often follow the fire-induced Lodgepole Pine

and Aspen forests.

Figure 34: The Sub-Alpine Zone

Nestled between the montane and the alpine, the sub-alpine
zone receives the greatest amount of precipitation in the form
of rain and snow and as a result harbours the growth of more
coniferous (cone bearing) trees. A mature forest at this
elevation between 1350 and 2300 metres is dominated by
Englemann Spruce and Subalpine Fir trees. At the upper
reaches of this zone, the strong winds and exposure of the
trees results in some peculiar yet characteristic shapes in the
twisted and stunted form of krurnrnholz (a German word that
means 'curved wood').

Figure 35: The Alpine Zone
Anything between the subalpine
boundary and the bare rock and ice
of summits and ridges is the alpine.
There are plants specially adapted to
live here, but there are no trees to
speak of. This zone typically has
two weeks of frost-free nights and is
constantly subjected to harsh
circumstances. It is colder, more exposed to wind, and the growth of trees is prevented
by a combination of long cold winters, and short cool summers. The alpine is a difficult

region for plants and animals to grow and survive. With snow covering the landscape for
much of the year, only the hardiest species can be found in this cold and windy region.

Instructions:
1. Divide the students into groups of five or six (each with a task to measure some data).

2. Each group selects a plant or flower.

3. Conduct the field tests and record data in the journal for pH, temperature,
precipitation, hardness, oxygen content, humidity, and the presence of any animal life.
4. Considering the observations made from the tests, students should describe the

environment the plant is in, then comment on why this plant is in that particular spot.
5. Description criteria should consider the size, structure, shape, feel. and smell by
looking at the leaves, stem, and flower or fruit. (make a table in the field journal)
6. Students should sketch a likeness of the plant, or take a photograph.
7. Determine what vegetative region that plant occupies and predict to what extent it

may be found elsewhere on the trail.
Students could be allotted some time to collate their findings and refer to some
guidebooks to determine what plant they may have found.

The followir?g is a short list of some of the common plants that may be seen along the
trail. The plants are divided into the region they are most commonly found, however
some species of plant may overlap into other zones.

Montane Plants
ria virginana)

Remarkably similar to the fruit purchased in the shops,
but significantly smaller (thumbnail size) and arguably
sweeter. Strawberry leaves are unmistakable: only 3
leaves and the edges of each are serrated. The berries are
eaten by several species of birds and mammals and as a
result are widespread in their distribution. They are common1y found where the snow
melts early, and thrive in full sunlight. Tentacles of bright red extend from the plant as it
searches out the warmest spots for growth. The berries are edible, and strawberry juice is
excellent treatment for sunburns. Extract from the root is commonly found across
Canada to treat diarrhea. Carolus Linnaeus, (the father of botany) claimed the berries
themselves were effective in treating gout.

Figure 37: Indian Paintbrush (Castilleja)
The striking colours that identify this plant are in fact not
the flowers. The flower itself is located within those
colourful bracts and it appears as a Iight green spear. The
paintbrush is edible, but has a tendency of absorbing
selenium from the soil. A semi-parasitic plant, Indian
Psntbrush joins with the roots of other plants to obtain
nutrients. Below is an Indian Legend about the origin of Indian Paintbrush from Terry
Willard's 1992 book Edible and Medicinal Plants of tlle Canadiarz Rockies:

Once upon a time, a Blacllfoot maiden fell in love with a wounded
prisoner she was attending. The ntaiden realized that the tribe
rvns only nursing its captive in order ro torture hint later. She
planned an escape of the prisoner, accompanying him for fear of
the prinisitnzerzt for such a deed. Afier some time in her l o ~ ~ e r ' s
canzp she grew homesick for a glirrzpse of her old cwnrnp. She
finally went over to the site of her old camp, hid in the nearby
bushes, and overheard two yoling braves discrissing r vlzat wortld
happen to the ntaiden who betrayed rhern, if only they corildfirzd
her. Knowing she could never return, but rtonetlzeless longing to
retlrm, she took a piece of bark and drew a picture of the carnp
rtporr it bvirlz her own blood, gashing her leg and pain tirrg it with a
stick. Afier drawing the picture, the maiden tlrretv the stick away
arrd retrrmed to iter lover's camp. \Were the stick had landed, n
lirtle plant grew with n brrtsh-like end, dyed with the blood of this
girl, wtrich became the first Indian Paintbrush. (p. 182 - 183)

Figure 38: Dogwood, Bunchberry, or Dwarf Dogwood (Cornus canadensis)
The 4 white petals are bracts that surround the
central cluster of modest green flowers. Eventually
the petals whither and are replaced by red berries
that are favored by several birds. Dogwood is
usually between 10 and 20 cm in height, and grows
in thick colonies in and throughout coniferous

forests.

Figure 39: Fireweed (Epilobium angustifolium)
This is one of the most common plants in Yoho and it can grow up
to 150 cm tall. It is a succession plant that colonizes any disturbed

ground dong roads, open woods and recently burned over areas.
Here is an interesting Indian legend on the origin of Fireweed:
A young Indian maiden once set fire to the far end of

an enemy's camp ro cause a diversion ro rescue her
loverfrom tortrcre. She ~trrtiedhim andfled with the enemy giving
chase. Tlze Great Spirit took pity on her. Wlerever her
moccasins touched the ground, great James shot up. Soort her
ptrrsiters tunred back. Evenrrmlly, rlze flames turned into brilliant
fireweed flowers. (Willard, 1992, p. 146)
Fireweed is an impotant survival food because of a relatively high content of Betacarotene and Vitamin C. Natives used the leaves for healing bums - not unlike the plant's
ability to heal the bums of the earth. The Blackfoot rubbed the flowers onto rawhide for
waterproofing. The powdered inner part of the flower was put onto hands and face for
protection against the cold. The powder was used so that hands would not be hurt when
being warmed up.

Figure 40: Willow (Salix)
Willows grow ;is shrl-lbsand as small trees. The
inner bark of the plant can be eaten, but also ground
into a flour. The inner bark also contains a chemical
called methyl salicycate, which is similar to aspirin
and useful as a substitute. The Blackfoot natives
had several uses for the plant which included using
infusions of the root for venereal diseases, bruises, and using the leaves as 3 clotting agent
for cuts and wounds.

Figure 41: Fringed Grass of Parnassus (Parnussiafimbriata)
Found mostly in the subalpine, this plant is also known to inhabit
the montane and occasionally above timberline. Sure to be found
in wet or boggy environments, Pamassus is actually the name of a
mountain in Greece.

Figure 42: Woolly Pussy Toes (Antennanu lanata)
There are several species of this genus that grow in the Rocky

mountains of southern Canada, but they are extremely difficult to
tell them apart. This plant has leaves and stems that are grouped
tightly together with whitish woolly hairs that give it a pale green to
greyish-green colour.

Figure 43: Ox-eye Daisy (Leucanthemum vulgare)
This plant is unmistakable as a tall. showy display of white

and yellow and is most often seen along roadsides in fields
throughout North America. The stems are edible and they
are commonly added to salads.

Figure 44:Common Yarrow; Milfoil: (Achillea millefolium)
Yarrow is commonly found throughout Canada and is also
recognized as the ancient Greek symbol for war. The Latin
name is taken from Achilles, the Greek warrior with the
vulnerable heel who apparently used yarrow to heal the
wounds of his soldiers during the siege of Troy. Rubbing
the flowers and then sniffing your fingertips reveals a strong
menthol like scent that is similar to 'Vicks Vapor Rub'. Natives were reported to make
concoctions and teas to relieve congestion and cold symptoms as well as for treating cuts
and open sores.

Figure 45: Harebell (Campanula rotundifolio)
Easily spotted by its characteristic trumpet shaped blooms, these bell like
flowers brighten any habitat from low elevations to alpine zones. The Cree
Indians called this plant Mos-ho-se-u-tcha-pek and used it in salads and as a
potherb.

Figure 46: Triangular-leafed Ragwort (Senecio triangularis)
This plant can be described as tall and erect with deep green fleshy
Ieaves. The Ieaves are triangular and serrated; giving the shape of a saw

blade. The name groundsel is derived from Anglo-Saxon meaning
ground swallow - likely referring to the rapid fashion it spreads and
swallows the ground. Natives often rubbed their hands to relieve
chapped hands and also used to regulate menstruation.

Figure 47: Horsetail (Equisetum)
These plants are widely found throughout moist and
shallow aquatic habitats. This species is an important
food for bears, and the plant is also very useful for
humans. Horsetail is used commonly by herbalists as a
treatment for the eyes and skin. It is also used against
offensive perspiration - especially from the feet.

Sub-Alpine Plants
Figure 48: Woolley Groundsel (Senecio canus)
Normally a grayish-green pigment appears on the stems with small
hairs. Although this plant is typical of the prairies, it can be found all
the way to timberline.

Figure 49: Columbine (Aquilegia flavenscens)

Native peoples apparently used this plant to halt dizziness and used the seeds to speed
childbirth. Growing as much as a metre in height, this plant has large, showy and very
intricate flowers that can be found in both sub-alpine meadows as well as moist woods.

Figure 50: Leafy Aster (Aster subspicatus)
Aster is a tall plant (growing up to 100 cm in height) that is
commonly found throughout the Rockies. Identifying aster
can be difficult as it can be often confused with purple
fleabane. The flower petals may be rosy or purple, and can
completely or partially surround a yellow centre. Aster is
more commonly found in the montane region, but it can be

seen in the upper reaches of timberline where the confusion with purple fleabane occurs.

Figure 51: Cow Parsnip (Heracleum maximum)
This plant is the most common relative of the
carrot in the Rocky Mountains (growing up to
two metres in height). It can be mistaken for
water hemlock - which is poisonous. Also
called skunkweed because of its pungent odour,
it is a primary source of food for bears. The
leaves are supposedly useful as a mild insect
repellent and have also been described as an excellent toilet paper. The Cree Indians used
the root as a treatment against swelling, and brewed the young fresh stems in a brew to
treat diarrhea. The Blackfoot made a solution from the same stems to remove warts.

Figure 52: Fake Hellebore (Veratrum viride)
At first glance, F d s e Hellebore appears as though

someone has taken a potted tropical plant and placed it
in the Rockies. Growing up to 2 metres in height, False
Hellebore is a single stemmed plant with tassels of
greenish-yellow flowers hanging out. The Latin name
for this plant means "fresh green, youthful", but it should
be noted that this plant is extremely toxic.

Figure 53: Valerian (Valeriana septentrionalis)
Valerian's Latin name means "health of the N o r t h , and
has some interesting uses based on this definition. The
plant is often used to make a nerve tonic, and has the
similar properties to Valium. Cats love Valerian, as it
has the same effect as catnip.

Figure 54: Heart Leafed Arnica (Arnica spp.)
This species is one of f 5 different kinds of arnica found in southern
Canadian Rockies. Daisy-like in appearance, it is an unmistakable
plant that has a classic heart shaped leaf along its stem. Most arnica
in a particular location will bloom all at the same time, however
sometimes they imitate biennal plants by blooming every other year.

For example, one year a location will be virtually free from arnica, and then the next year
the same spot will be full of them.

Alpine Plants

Figure 55: Alpine Hawksbeard (Crepis nana)
A true alpine dweller, this species will only be found

after a long day of hiking in high elevation areas
where few people wander. Like a splash of gold
among the scree and rock in which it grows, this plant
is anchored firmly in the soil by a long taproot.

Figure 56: Moss Campion (Silene acauiis)

A striking plant whose rich colour is a stark contrast with the surrounding barren

landscape where it chooses to live. Moss Campion grows very slowly and is extremely
fragile, for while it is well designed to counter the wind, cold and intense UV light of its
environment - it is unfortunately easily destroyed by walking on it.

Figure 57: Red Mountain Heather (Phyllodace empeirjformis)
Red Mountain Heather is a brilliant evergreen shrub that can be
found in alpine meadows as well as near timberline. The blooms
range in colour from red to reddish pink. Hanging from a branch
of soft needles, heather "bells" are found pointed upside down.
The flowers usually are found at the end of the branches.

Figure 58: Alpine Speedwell, Alpine Veronica (Veronica wormskjoldii)
Aipine Veronica is a perennial, meaning it comes back year after year.
While the colour initially draws attention, even more impressive is the
complex flower structure. Growing 8 to 20 cm in height, the flower is
usually about 1 crn wide and is deep blue/purple in colour. Both the
petal and the stem are covered with fine hairs, like many other alpine
plants. The fine hairs act as an insulator from the constant cold of
night and aid in protecting the plant from harmful UV sunlight during
the day. These fine hairs also collect dew from morning condensation
as a source of water before the tremendous drying effect of the wind.

Figure 59: Western Anemone, Toeheaded Babies, Hippie on a stick (Anemone
occidentalis)

This plant has perhaps one of the more unique styles of all rocky

mountain flora. Prior to the long hair-like stands, the anemone has a
large cream flower with a bright yellow centre. Each of the hairs is
actually a seed packet on the end of a whisper thin parachute - an
ingenious way of distributing the species on a breezy day. The
anemone is found in moist alpine areas and timberline.
Lichens and Mosses

Sometimes it hard to tell the difference between a moss and a lichen - especially in the
case of tree lichens which many will erroneously call Spanish Moss that grows only from

the southern United States to Peru. In prehistoric times mosses played a large part in
making the land fit for animal habitation. First, the most primitive plants (algae and
fungi) carpeted the bare rocks. Their decomposing remains provided a small store of

nutritive soil. Then the mosses and liverworts appeared and their remains provided a
thicker bed of rich soil. This made possible the growth of higher and sturdier plants.

Mosses are not vascular plants, as they have no roots and means to distribute water
around their bodies. Mosses for the most pan live in moist places. Their adaptation of

growing compactly together makes it possible for them to hold large quantities of water in
storage. Other moss plants grow structures called antheridia in which sperm develops.
When the plants are covered with a film of water the sperm swim by means of hairs
called cilia to the archegonia and there fertilize the ova. From a fertilized cell grows
another sort of plant. It is a thin green stalk on the top of which grows a capsule, or
sporangium, covered by a lid. Inside the capsule are thousands of spores ('Lhese spores are
similar to the seeds of higher plants, but they are extremely small). When the capsule is
ripe its lid opens, and the spores are scattered by the wind. A spore that falls into a warm,
moist place develops into a protonema, and the cycle is repeated.

Lichens are one of the best illustrations of symbiosis, an intimate cooperation of fungus
and algae - two very different organisms that benefit from each other. The fungus
provides a body plan with its interwoven threads, and in the meshes of the threads live the
algae. The algae contain chlorophyll, and its responsibility is to synthesize food. The
special fungi that take part in this arrangement are almost never found growing
separately, but the algae are found growing free.

Lichens have a peculiar and effective method of reproducing. Upon the surface of the
body there are often minute granules that give it a dusty appearance. Each of these
granules, called soredia, consists of a few cells of the alga surrounded by threads of the
fungus. When these soredia are blown off they start new lichen bodies. The combination
produces a structure that is able to exist where neither one could live alone- The result is
lichens' ability to grow in the harsh and desolate places. In such exposed situations the
fungus could not live because it depends upon other organisms, and the alga could not
live because it would dry out quickly, however the two can live together. Scientists study
lichen populations for good reason, as a varied and healthy community of the some
15, 000 species worldwide is testament to the air quality of a particular region.

The following is a list of some the common species of lichen and moss found i.1 Yoho:

Figure 60: Sphagnum Moss (Sphagnum)
Covering the forest floor with either a spongy red or
green damp carpet, this moss grows to 20 cm in height
and continuously grows new moss upon old. This moss
was used extensively as a bandage. During the First
World War, England produced 1 million dressings a
month from sphagnum. Amazingly, one ounce of
sphagnum can hold a pound of blood! The moss has also been used for dressings for skin

problems such as acne. Today commercial menstrual pads containing sphagnum are sold
in Nonh America. Sphagnum was also used by the Amerindians for wounds, menstrual

pads and as padding in cradles (for both its absorptive ability and its antiseptic qualities).

Figure 61: Wol€'s Bane Lichen (Letharia vulpina)
This lichen is a bright neon coloured green or
yellow. It normally grows in tufts on dry wood

that has lost its bark in sub-alpine forests.
Reputed to be toxic, the common name is
derived from its supposed use in poisoning
wolves.
Figure 62: Witches Hair Lichen (Bryoria)
This is a lichen that is common in the sub-alpine forest.

Determining the height of these long thread-like hairs from the
forest floor can indicate the maximum depth of snow - as the
snow's surface is the lowest point where this black lichen can
be found.

Figure 63: Old Man's Beard (Usnea)
Often mistakenly identified as Spanish Moss,
which does not grow in the Canadian Rockies.
Old Man's Beard is greenish-gray in colour.
--

Figure 64: Map Lichen (Rhizocarpon geographicurn)
This lichen is easily identified as a lime green matting that
is specked and surrounded by black mottling. The rock type

in a given area dictates where this common lichen can grow

- only on non-calcareous surfaces such as quartzite, such as
the main ranges of Yoho. R. geographic~irncan live up to
9, 600 years in the Arctic, making it one of Earth's oldest organisms. This lichen

colonizes rock after the retreat of glacial ice, and grows at the very slow rate of 0.42
rnrn/yr. Geologists can establish the advance and retreat of glacial ice by measuring the
diameter of the lichen on the quartzite rich rocks of the western Rocky Mountains.

Figure 65: Poop lichen (Xanthona)
This lichen is an interesting case in adaptation of
life in the Rockies. Xarzthoria requires nitrogen,

a scarce resource in the Rockies. It overcomes
this by growing where animals and birds excrete
-

hence the common name. It is common to find

large streaks of Xntzt/zoria on the rocky cliffs below the nest of birds such as eagles.

Figure 66: Pixy Cups (Cladonia chlorophaea)
These species are one of the most common forest-floor
lichen in the Rockies. Growing in moist pockets of rock
or wood the lichen produces a 'podetia', a cupped
structure that looks similar to a little golf tee.

09:OO

- Continuation of Hike

Just above the avalanche slope (Figure 3 1) are good bedding layers for explaining the
deposition processes during the Cambrian era. The Long broad peaks are the remnants of

an ancient ocean floor, submerged beneath the tropical waters washing against the coast
of primeval North America. There was virtually no life on the land of the new continent,
but offshore in the shallow waters warmed by the penetrating rays of sun were vast algal
colonies that hardened to form a marine escarpment. Above the escarpment, a myriad of
life forms crawled, scuttled and swam along the ocean floor. Over time, the algal
colonies were transformed through lithification to a resistant dolomite, and now those
colonies form the cliffs and precipices of the peaks that guard the Burgess Shale fossil
beds.

Figure 67: Mount Des Poilus
--f"-

-*
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Northwest from the trailhead (just around the comer

I

fl

from the avalanche slope you are currently on) and

further up the Little Yoho Valley is the striking Mt.

Des Poilus (Figure 67). The trail junction that lies

d ahead heads northwards (to the right) and onto the
Iceline Trail, where this view can be seen.

About 15 minutes into the walk, and after several steep switchbacks, there is an
interesting tree on the right hand side of the trail. The tree is bent at right angles nearly a

metre off of the ground, and has continued to grow! This is an example of nature's
ability to recover after a damaging wet and heavy snow forced the branches to bend over.
Other signs of high precipitation can be found not only by the ground vegetation, but
what grows on it! The evidence of snow mold (Figure 68) on the trees - suggests the
average depth of snow and the effect of the snowpack on certain vegetation. The subalpine zone actually receives more snowfall during the winter than the montane or alpine
zone. As this deep snow pack melts in the spring, some branches become exposed and

may lie for extended periods in pools of water on the snow.

Figure 68: Snow Mold

Eventually, those branches become moldy and eventually die.
For the most part, the mold only seems to destroy a portion of the
tree, although it is possible to find specimens completely
covered.

Figure 69: Logs
9:20: Rest Stop

This clearing with the large logs running parallel (Figure 69) is a
possible rest spot to allow slower students to catch up with the rest of
the group and discuss some of the human history of the region (Topic
Discussion 4).

Figure 70: Tree Trunk

Here there are several subalpine fir trees that are very old. Estimates
for these run anywhere from 150 - 200 years! Yoho lies either on or
west of the Great Divide, which means it receives some large
amounts of rain or snow depending on the time of year. As a result of
this precipitation, many of the trees grow to large proportions as they
take advantage of the moist growing conditions. Notice the size of
the tree with the penon for scale in Figure 70.

Topic Discussion 4: History and Significant Dates in Yoho National Park
The Burgess Shale Fossil Beds were recognized as a United Nations Site in 1981 because
these fossils are soft-bodied animals preserved in a unique geologic setting. These fossil
beds show a disparity of life forms during the Cambrian Period - this has had a major

impact on how the early evolution of multi-cellular life on the planet is interpreted. The
fossils have undergone essentially three phases of investigation since their original
discovery in 1909.

Phase I
1885 - The railway arrives in Yoho National Park.
1886 - Strange 'stone bugs' are found at the base of Mount Stephen by milway engineer
Otto Klotz.
R.G. McConnel finds some of these 'bugs' and ships them to Charles Walcott at the

United States Geologic Survey as early as 1887.
Yoho becomes Canada's

zndnational park, of about 26 km2. The area included Mt.

Stephen and the adjacent fossil beds. Some mining and timber operations are still
occurring at this time and would continue to do so until 1952 (mining) and 1968
(logging).

1909 - Aimost 20 years after their initial discovery, Charles Walcott arrives to study the
Mt. Stephen Fossil Beds. Charies Doolittle Walcott spent the summer of 1909 in the area
and was exploring around the area of fossil ridge, having been drawn there by a thick
section of Cambrian rocks. At the time, Walcott was the secretary of the Smithsonian
Institute and an authority on the Cambrian Period. Incredibly, he had no formal training
in geology and paleontology. On August 3 Is', his field diary recorded first mention of his
precious find, drawing sketches of what he described as a 'lace crab'. After further
examination, Walcott soon realized he had stumbled upon a variable treasure - the
discovery of soft-bodied fossils that included several unknown specimens. He returned
several times up until his death in 1927, after collecting some 65 000 specimens (for the
Smithsonian Institute) between his field seasons of 1910 - 1917. Walcott has been

credited with recording over 100 of the 170 species we know today from the Burgess
Shale Fossil Beds.

1910 - Mining in a national park? For decades, the cliffs surrounding the town of Field
yielded several desirable commodities. The principle extracts from these mines were
lead, zinc and ore located in hydrothermal veins that revealed approximately a 7%
concentration. Mining companies constructed huge portholes in the cliffs above the town
of Field in an effort to extract the materials. One porthole in particular wou!d take up
nearly half of the town. These mining operations managed to remove tremendous
amounts of material. It is estimated that between 1935 - 1952, 826 000 tons of ore were
mined. (Gadd, 1995, p. 697) Using an elaborate gondola system the ore was mined and
then transported by the CPR to larger centres. The Parks Canada archives has several
photographs demonstrating the extent of the mining operations as well as the precarious
scaffolding and rails used to transport the materials from the cliffs down to the valley
floor.

As Walcott uncovered the Burgess Shale fauna, he classified all of them as early

representatives of existing animal groups. This not surprising, as at the end of the
Victorian and Imperialist e n , many scientists, indeed most of society, was very confident
in their ability to explain the natural world. Walcott was also influenced by the doctrine
of Uniformitarianism; which claims that essential uniformity in causes and effects, forces
and phenomena, has prevailed from the origin of the earth to present time. Furthermore,
most scientists also believed that evolution was an orderly process that proceeded
upwards similar to a tree in diversity and complexity. This was a process directed by
God, and if repeated, would ultimately lead to the evolution of Honlo sapiens.
Consequently, the Burgess fauna simply had to be early and primitive forms of species
currently in existence. After Walcott's death in 1927, the first phase of research on the
fossil beds concluded and not much would happen until the late 1960's.

1930 - Yoho expands to its current size of 1,3 13 km2.

Phase I1
The second phase began with a large scale Geologic Survey of Canada mapping project in
Canada's Centennial year of 1967. The timing seemed appropriate for a second look at
the Burgess Shale, and the Geologic Survey of Canada's director at the time thought
reinvestigating this natural treasure was necessary.

In the meantime, the work of scientist Harry Whittington and his graduate students Briggs
and Conway-Moms led to a major reinterpretation of the fauna in the 1970's. They

determined that many of WalcottTscreatures could nor possibly fit into the fauna
categories as had been originally thought. Stephen I. Gould addressed this idea in his
1989 book Worrderfiil Life that suggests and highlights the significance of the Burgess
Shale fauna. Gould's thesis is that evolution was not an orderly, repeatable process, but

rather a random process highly influenced by catastrophic events (such as mass
extinction) resulting in an evotutionary model that looks more like a bush, and not a tree.
1975 - UNESCO designates fossil beds under a special protection creed.
1985 - 4 Rocky Mountain Parks (Banff, Jasper, Kootenay, and Yoho) become added to

the list of World Heritage Sites.

Phase III
The last phase is currently ongoing and involves collecting by the Royal Ontario Museum
under the direction of Desmond Collins. These researchers are examining, among other
things, how and why did so many wonderful new forms of life develop so quickly (15
million years - known as the Cambrian Explosion) from relatively simple beginnings?
And which processes occurred over time to determine which fauna died off and which

remained?

10: 10

The trail here is relatively flat as it traverses an avalanche slope through a deep forest.

10:25

Figure 71: Forest Deadfall

Fire ecologists would refer to the dense ground cover
in Figure 7 I as lots offrrelor the buildup of

combustible forest material as the result of an
absence of fire for about the last 50 years. This is a
potential spot to repeat points from the discussion on
fire ecology in a different location (as this is the subalpine region) and the possible repercussions of the
continued accumulation of combustible material on the forest floor. Watch for pixie cup
lichens on the ground along this stretch.

10:40 Yoho Lake

Yoho Lake is a possible spot for a rest while relaxing along the shore. There are plenty of
Brook Trout swimming in this lake, and it is quite popular with anglers. It is not
uncommon to see these fish rising for various insects on the lake's surface. Yoho Lake
also has designated campsites not far from the shoreline.

Topic Discussion 5: From the Pre

- Cambrian to the Paleozoic Era

The Paleozoic was between 570 - 250 millions years ago. This was a period of major
changes on earth - The Age of Invertebrates, Age of Fishes and the Age of Amphibians.

Truly a time of firsts, the Paleozoic had the first vertebrates, land animals and plants,
insects, forests and seed plants.

The climate during this time was marked by periods of warmth and dryness where great
salt deposits were formed. There were also periods of warm humid conditions where
coal-forrning swamp plants thrived. Finally there were periods of cold and even ice ages.

The faleozoic is usually divided into seven periods, but the one with our Burgess Shale
creatures is the first - the Cambrian.

The Cambrian period, or the so-called beginning of modem life, ends about 500 million
years ago after a 45 million year period. All the rocks around us on the hike leading up to
the shale are from Cambrian period. Imagine you are in the middle of a shallow ocean,
and the closest land is about 100 km east of us. The water is approximately 20 - 40

metres in depth. There is a carbonate platform of an area teeming with life, as the mild
climate is not unlike Southern California, Australia or the Caribbean. There is a great
deal of light for the growth of photosynthetic algae. Lots of warmth, and several storms

(as are commonly found in tropical climates) ensures lots of wave movement which in
turn generates an oxygen rich water table. This high-ener,oy environment sees shore
materials such as sand, silt, and clay transported and deposited over various storm cycles.
The bottom substrate is consistent with calcite that eventually turns to limestone. To the
west is the open ocean. We are perched on a great underwater cliff, some 160 metres
high and not unlike the one that plunges off the coast of California. The environment at
the bottom of this cliff is very different. It is very dark. and the oxygen created by the
pounding of the storm waves is non-existent in this region. Evidence of this environment
is often represented with pyrite - which forms where low amounts of oxygen exist.

Note: To explain the movement of the Alberta and British Columbia border over the last
500 million years, cut out the shape of the Province of Alberta (Figure 73). When

speaking to the students about the former location of this area, use this cut out and:
Consider the flat ground you are standing on as the equator
500 million years ago, the border between Alberta and B.C. straddled the equator

(Figure 72)
Facing the students, position the map of Alberta so that the present day border with
Saskatchewan is parallel and touching the ground (equator)
The next 500 million years of time saw Alberta travel North (stand -up and bring the
cardboard map from the ground to chest height) and turn 90 degrees (turn map so it is
positioned as it is today)

Our climate used to be quite mild by virtue of our location (equatorial latitude) and
other factors. The whole reason why we have different seasons in Canada today is

because we have a northern latitude location on the surface of the Earth.

Figure 72: World map of the Cambrian Period, 505 Million Years Ago

From the Museum of Nationai History, Smithsonian Institute Website
Washington DC, 1998

Figure 73: Alberta's Ancient Coastline

EDMONTON

Figure 7s': Artist's Conception of the Burgess Shale Site 550 Million Years Ago

From the Museum of Natural History, Smithsonian Institute Website, Washington, DC.
(Conway-Moms and Whittington, 1985)
This drawing of the Cambrian reef platform (Figure 74) details how the Yoho area
appeared before the process of mountain building. The position of the present day town
of Field can be seen while the continental divide and the town of Banff would lie on the
right side of the submerged reef top.

The Cambrian Reef platform was home to a vibrant community of Burgess Shale

animals, and Figure 75 is an artist's conception of what this Cambrian community may
have looked like. The Burgess Shale creatures probably lived comfortably in this
environment until they were perhaps carried off the end of this cliff in a sloughing
mudslide caused by underwater earthquake tremors or the weight of accumulating
sediments. As the upper reaches of the cliff broke and created a series of mudslides,
everything within it rolled over the steep drop-off and in to the cold darkness below.
Thus, the muddy shelf of the shallow Cambrian Ocean occasionally failed (depending on
the severity and frequency of earthquakes) and poured a combination of mud, silt and

Burgess Animals in a turbulent cloud down towards the base of the escarpment. The

decomposition of these entombed animals never occurred because the waters at the base

of the escarpment contained no oxygen or scavengers. As more layers slide off the
escarpment, the overlying layers compacted the animals and eventually transformed them
during metamorphorism into fossils made of calcium alurninosilicate.

Figure 75: Cambrian Community

Painting by D.W. Miller from American Scientist Magazine, March - April 1997.
Previously, the only large animals found in the Cambrian Ocean were shelled animals
with an exoskeleton (a hard external covering) such as Trilobites and Brachiopods.
Amazingly, 80% of the animals found in the Burgess Shale have no exoskeleton or a very
thin exoskeleton - in other words they are 'soft bodied'. This is extremely significant
because the soft tissues of organisms are normally eaten by scavengers or decompose

typically within two to three weeks of death. Thanks in part to a rapid burial of fine
particles and a poor environment to support scavengers and decomposition the animals'
remains have been perfectly preserved.

The substrate or (bottom) where these creatures lived is essentially a platform of algal

colonies that built a sprawling marine escarpment. People often mistakenly believe that
our Burgess Shale creatures were found swimming along a coral platform of sorts.
However, coral was a long way from developing. While Burgess Fauna thrived during
the Middle Cambrian Period, corals did not reach dominance in the Animal Kingdom
until after 400 million years ago (during the Silurian, Devonian, and Mississippian
Periods of geologic time). Interestingly, rocks that contain ancient coral reefs are the
significant reservoirs of oil and gas in the foothills and prairies of Alberta. Landforms
containing these original deposits that were disturbed during the mountain building
process do not contain oil or gas.
While the Burgess Shale fossil beds yield no evidence of coral, samples of coral can be
found throughout neighboring Banff National Park and Kananaskis Country. As these
samples can occasionally be found on a field excursion, the following is a description of
what corals are and when they formed should someone find evidence of coral in the
vicinity.

Topic Discussion 6: Coral
The structure and shape of modem coral in today's oceans provides shelter and habitat for

thousands of species in much the same way as their ancestors did in the ancient oceans
many years ago. Reef-building coral communities like those that lived during the Silurian
and Devonian Period must live in relatively shallow ocean waters less than 300 feet (90
meters) in a depth where light can penetrate. This is necessary because certain types of
light-requiring algae known as dinoflagellates live within the tissues of the corals. The
dinoflagellates are essential to the coral because the algae provide certain nutrients,
particularly carbon. The algae, however, depend on the coral for nitrogen, phosphorus and
oxygen.
Corals are small, marine animals that remain in one place throughout their adult lives and
produce a hard skeleton made of calcium carbonate (CaC03) or calcite. The skeletal

material, which can be either internal or external, is also called coral. After the coral
animal dies, the skeleton remains and collects to form limestone. Many species of coral

grow in colonies that continue to enlarge year after year. Collectively, several different
species of corals can form enormous colonies that are called coral reefs. Coral reefs create
underwater habitats that are essential for many species of marine organisms. Certain
species of animals spend their lives among the coral, using them as a refuge from
predators.

Owing to the permanence of their skeietons, corals are common in the fossii record as the
remains of long-dead plants and animals. More than 6,000 extinct species of corals have
been described. Corals belong to the phylum Coelenterata (also cdled Cnidaria) and rue
related to jellyfish. Most species are in the class Anthozoa. This class has more than
6,000 living species, including the sea cucumbers and sea anemones.

11:20
The trail is relatively flat just before you reach Yoho Pass with some interesting rocks on
the surface of the trail. The rocks appear to be a sandstone of some kind. Upon closer
exami~ation,they appear to have rolls, pock marks and interesting ripples. These may
well be remnants of the original topography of the bedding layer when it was first

deposited. The ripples are not unlike those sometimes seen along a shallow beach except preserved over 5 15 million years!

-

11:25 Yoho Pass Signage describing trail.
The pass is not really a pass; or rather you do not really get a sense of traveling between

two high points as one normally does in crossing a pass. The elevation is relatively low,
(2000 m) and the high precipitation in this area has permitted the forest to grow relatively
thick. As a result, there is no panoramic vista here, but there will be soon enough.

11:30

Topic Discussion 7: Trail Erosion
Figure 76: Trail Erosion
The Rocky Mountain National Parks on average receive 80 000
people a year on its hiking trails (Banff National Park
Information Centre, 1998). Yoho attracts a large number of these
visitors, and they can have a profound effect on the vegetation
and the landscape. With so little soil to begin with, it does not

take long for footfalls to work their way down into roots of
adjacent trees (Figure 76). Early and late season hikers
accelerate erosion as the wet ground is tom apart by the heavy
treads of boots.
Questions:
Should we care about trail erosion?
Should we limit the number of users on trails in the National Parks if they obviously

cause physical damage?
During moist periods (i.e.: Spring or Fall) should trails be closed until they dry out?
What kind of experience would visitors receive from trails that were prepared or
paved to prevent repeated years of trail erosion?

11:45

Figure 77: Mt. Michael and Emerald Lake

I

This stop is an exposed avalanche slope and offers

excellent views of Mt. Michael (Figure 77) with a
glacier and cirque off to the North. There are

normally specimens of hairbell (Figure 45) and moss

campion (Figure 56) that can be found here. This
could be a potential spot for a lesson from

Chapter 7: Topographic Maps. Compass Reading and Travelling in Mountain Terrain.

Lurching overhead is the Cathedral escarpment and a place to explain the protective
'umbrella effect' of this escarpment and how it may have contributed to the preservation

of the fossils.

Topic Discussion 8: The 'Umbrella Effect' of the Cathedral Escarpment
By definition, an escarpment is the precipitous faced formed by a line of cliffs. Consider
Figure 78 - the Cathedral escarpment looms above you, while the Burgess animals and

mud plunged from overhead as the result of some turbulent event - such as an
earthquake. They tumbled from above and collected in a pile at your feet. After millions
of years of burial, their remains are subjected to tremendous pressure and heating up to
300 degrees Celsius, but are not bearing the brunt of this intense temperature owing to the
protective canopy (coloured yellow) provided by the limestone of the Cathedral
escarpment.

Figure 78: The Protective 'Umbrella' of the Cathedral Escarpment

shelf of carbonate

Lying at the bottom of the Cathedral
escarpment at the base of a vertical

their perfect presenration

The shale layers closest to the wall of Cathedral limestone are abundant with preserved
fossils. As samples are taken further away from the protective umbrella of the Cathedral
formation, distorted and broken remains of Burgess animals illustrate that the rock has
been metamorphosed. Eventually, as samples are collected even a few centirnetres away

from these layers protected by the umbrella, any fossils contained in these sections are
completely unrecognizable. As Chief Burgess Shale researcher Desmond Collins from
the Royal Ontario Museum suggests: "Just a little shearing of the Cathedral, and the
fossils are just black smudges. A little movement, and all the protective structure is
Iost.. . and that's what's occurred at many fossil beds in other parts of the w o r l d
(personal communication, August, 1996). Only after realizing this fact do visitors of the
Shale begin to fathom how precious these fossil beds are. To preserve soft-bodied
creatures like those in the Burgess Shale you need an anoxic (low oxygen) environment,
quick burial and a great deal of luck.

While many believed that Walcott had excavated all the finest specimens of the Burgess
Shale, Desmond Collins and his colleagues surprised everyone by uncovering another
dozer2 new localities since 1981. The new sites extend along the Cathedral Formation for

20 Ian and can be found on remote outcrops on the peaks of Mt. Field, Mt. Stephen, Mt.

Odaray, Park Mountain, Curtis Peak and higher up on Fossil Ridge itself. A few of the
new sites are found along the same stratigraphic level as the Walcott and Raymond, but
most are either higher or lower. Interestingly, some sites have yielded different
assemblages of fossils, probably reflecting the different environments the creatures lived

in (Briggs et d, 1994).

12:oo
Figure 79: Royal Ontario Museum, Desmond Collins Research Camp
This could be a possible lunch stop. Each sununer
the Royal Ontario Museum has a camp and staging
area to conduct research in the Walcott and
Raymond Quarries located immediately over head.
There is a great view across the valley (from left to
right) of Mt. Burgess, Carnarvon, The President,
The Vice-President, Mt. Michael and Emerald Lake (Figure 79). This location would be
suitable to discuss a lesson from Chapter 8: Hisrorical Awareness: The Names of Yoho.

Topic Discussion 9: What is That Pink Snow?
The snow patches represent the accumulations of snow from the previous winter and
where the avalanches from the slopes above grind to a halt with all their debris. Notice
the reddish-pink colour staining the snow. This is the work of algae; or millions of

single-celled plants called Chlamydornonas, or commonly referred to as 'watermelon
snow'. Grab a handful and crush some of the snow together into a ball. The snow
actually smells like watermelon, but do not eat it - it has slight a laxative effect! The
ability for these dgae to exist in such a harsh environment is the result of some
interesting adaptations. The algae consist of protoplasm - or a single jelly like drop that is
largely made up of water. The cells resist freezing on the snow by the minerals and other
substances dissolved in the protoplasm that lowers the freezing point a few degrees. The
algae obtain their mineral supply from the dust that accumulates on the surface, and
photosynthesizes on the snow's surface.

Topic Discussion 10: Snow Accumulation and Formation of Glaciers

h Yoho, as in many mountainous regions of the world, the heat of summer is not
sufficient to melt all the snow that falls in winter. Whenever this occurs year after year,
there is a gradual accumulation of snow in the upper ends of the mountain valleys. These
areas where the snow lasts from year to year are known as snowfields. In the sunny days
of summer, the surface of a snowfield melts, and the water, sinking into the snow, freezes
beneath the surface and helps change the snow to ice. The weight of the snow above also
compacts the snow below. By the melting and refreezing of the water and by pressure, the
larger part of the snow in a snowfield is changed into ice. A glacier is a body of ice,
consisting mainly of this recrystallized snow that slowly flows on a land surface. It takes
approximately 30 metres of snowfall for this process to occur. See Chapter 4: Geology
Tltrough Arr and Figures 24 - 28 for additional information on glaciers.
Glaciers are divided into four types on the basis of their form and shape. Most numerous

and perhaps the most familiar are cirque glaciers. They frequently occupy deep steepwalled half-bowl-like recesses or hollows that are situated high on the side of a mountain.

The very small glaciers that occupy cirques are also commonIy referred to as glacierets,
niche glaciers, or corrie glaciers.

Figure 80: Effects of Valley Glaciation
When the snow and ice become
C n u O L O I ~ . V ~ Q L I # m O Y

sufficiently deep, the ice begins to

above is called a valley glacier. These
glaciers vary in size from little more
than a few hectares to mighty tonguelike forms that can be tens of
kilometres in length. Most of these
larger glacial sheets can only be found
in Polar regions.

From 'EIements of Geology' J. Zumberge, 1963

In Compton's Interactive Encyclopedia, 1996.
The valley glacier moves slowly, but with tremendous force, and carries along enormous
quantities of rock that act as cutting tools. With these tools and the ice itself, the glacier
widens and deepens the original valley floor (Figure 80). The valley that remains after
the glacier has retreated is typically U-shaped. A valley cut by a stream is almost always
in the shape of a V.

A number of erosional features resulting from glacier movement have been identified and

classified according to the type of glacier that produced them. Continental ice sheets tend
to streamline the topography by rounding off the peaks and ridges over which they move.

Erosional features formed by mountain glaciers are readily recognized because they do
not blend as well into the landscape as do the continental features. Cirques, for example,
forming on the opposite sides of an ancient drainage divide, often form a spiny ridge
known as an arere. When a pass between two peaks is formed, the lower, saddle-shaped
surface beneath the remainder of the summit area is called a col. When several cirque
glaciers enlarge and converge they create an isolated peak that is typically surrounded by
the vertical walls. The dramatic peaks and deep U shape valleys caused by several

periods of glacial erosion gave the Rocky Mountains their distinctive shape and form that
we see today.

1:30

Figure 81: Beginnings of Fossil Ridge in Sight
I

Figure 8 1 offers an initial glimpse of
Fossil Ridge. The photograph is taken
looking south towards Mt. Stephen and the
end of Fossil Ridge rises above the hikers
to the upper left side. The forested ridge in
the centre of the picture is the route that
must be followed prior to descending
down the other side to Field.
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The final ascent up to the fossil beds begins after passing the closure sign (Figure 82).
Figure 83 gives a view to the North during the ascent.

Figure 82: Restricted Area Sign

Figure 83: Mt. Michael and Mt. Wapta

2:30 - Arrive at Walcott Quarry
Topic Discussion 11: The Walcott Quarry
After nearly five hours of hiking your group has arrived. Allow 1 to 1.5 hours for an
adequate visit to both of the quarries (the Raymond Quarry is 22 metres above the
Wdcott). Be sure to reinforce to your students the significance of these fossils and the
penalties for removing such specimens from a National Park and World Heritage Site.
The lessons and topics that can be discussed will depend on which specimens are
available for public viewing. For much of the summer, there are researchers at both sites,
and there ought to be several different specimens. Most of the discussion may involve
students interacting with the researchers and the specimens that they have uncovered.
Another lesson could involve studying the fossils and reviewing examples from Chapter
3: Relarirzg Danvitz to the Classrootn: A S r t d y in the Fallibility of Science Using the

Burgess Sllale.

Here is a sampling of some of the fossils that may be available for viewing:

-

Figure 84: Final destination The Walcott Quarry

Good things come in small packages: the Walcott quarry is actually only 3 - 4
blackboards in length!

Figure 85: Desmond Collins

From the Royal Ontario Museum, Desmond is the Principal Researcher of the Burgess
Shale.

Figure 86: The claw of Anornolucuris

Here is a fossil of the feeding appendage of the largest predator in the Cambrian oceans.
Figure 87: T h e Mouth of Anornolacaris

While it appears to be an ancient pineapple ring it is actually part of Anor~rolacaris'

mouth! Refer to Chapter 3: Relating Danvirt ro the Classroom: A Strrdy in the Fdibility
of Science Using the Brirgess Shale for more on this creature.

Figure 88: Ottoia

Ottoia, a bottom dweller of the Cambrian Ocean, lived in the sediment and presumably
used its pointed head (probiscis) t o burrow its way into the ocean floor and hide from
predators or search for food.

Figure 89: Vauxia

Vliccl~riois the most common sponge in the Burgess Shale and is an excellent example of
some the beautiful preservation that makes the Shde famous. V a ~ ~ rwas
i a an ancient

sponge that is similar to the living sponge Verongia.

Figure 90: A Trilobite

Trilobites are commonly found in the Wdcott and Raymond Quarries.

Figure 91: Parts of Trilobites

The majority of trilobites found in the fossil record are known by their mineralized dorsal
exoskeleton. As a result, some of the most exquisite trilobites are found in the Burgess
Shale where their limbs and other soft tissues are well preserved. (Briggs et al, 1994)

Topic Discussion 12: Raymond Quarry
Figure 92: The Raymond Quarry

Found only 22 metres above the Walcott Quany, the Raymond Quarry was discovered in
1930 by Percy Raymond, a professor of paleontology from Harvard University, when he

and three students explored around Walcott's original quarry. Raymond found only a few
new species, but the discovery yielded a fine and modest collection.

After arriving at the quarry site, it may be worthwhile to point out that these quarries are

unique in the National Parks system - a protected area within another protected area. The

only other locales that offer this same degree of protection is the Mt. Stephen Fossil Beds,
and the Upper, Middle and Cave and Basin Hot Springs Caves known for the Banff

Springs Snail (Physella jonsoni). Considering this unique Park Management feature, here
are some possible questions for discussion.

Topic Discussion 13: Protected Areas
Questions:
What is a protected area?
What purposes do protected areas serve for findings like the Burgess Shale?
Part of the National Parks regulation is that nothing can be taken from or introduced
to the Nationai Park;how does quarrying these fossils relate to this rule?
Are the extraction techniques appropriate for a UNSECO World Heritage Site?
Why are many of the Burgess Specimens in the Smithsonian?
How do museums and organizations obtain pennits to quany these fossil beds?
Apart from the intrinsic value of the fossils as an abiotic feature, do they have a role
in the larger surrounding ecosystem?

4:oo

-

Figure 93: Departure The Col Between Mt. Burgess and Mt. Field.

The departure from the Walcott and Raymond quarries moves dong Fossil Ridge to a col
(Figure 93). Looking southwest, the trail back to Field drops on the left of Mt. Burgess
and down the other side.
Due to the long, redundant nature of the following 7 h,it is strongly recommended that
all teaching strategies and academic dialogue be suspended until long after the
completion of this hike. Allow 2 hours for the entire group to travel down along the long
flat switchbacks through dense continental divide forests - a silent, contemplative time for

individuals to think of the day's events and curse the throbbing of the feet.

CHAPTER 6

LANDFORMS kL4DE BY RUNNING WATER

Introduction
This chapter contains a series of lessons designed to investigate how running water
shapes the earth's landforms. Using a station approach, a class can divide a stream into
seven sections to conduct experiments and observations that measure and interpret the
erosional properties of water.

Organizational Framework
The first pan of this chapter includes background information that provides students with
the knowledge needed to carry out the studies that follow. After students have read and
worked through the background information, they conduct a field study using the seven
stations. Upon completing the field activities, there is an independent study river
assignment and a unit test to assess the students' knowledge of this chapter.
The lessons are written for conducting the field study in Yoho National Park, however
they can be applied along any body of moving water. Teachers may choose to use the
lessons separately or together, as they are cross-curricular in design; incorporating
science, English, art and physicd education activities.

Background
The sculpting of the earth's surface is accomplished by a combination of mechanical
weathering by water, glacial ice, wind and waves. This weathering process (or erosion)
transports and deposits the materials broken down by these forces and moves them
somewhere else. In fact, material is not gained or lost - it merely changes form. In
essence, the lengthy process of erosion is a single step within a greater geologic system
that is constantly recycling material.

Running water has the most widespread effect as the primary erosional agent. Stand
beside a powerful river or waterfall, and it is not hard to see why this is the case.
Landforms that are created by running water are known as 'fluvial landforms'.
When examining how running water shapes the earth's Imdforms, consider the gradient

of a slope, the volume of water, and the profile of terrain. The gradient gives slope - a
place for water to run with the force of gravity. The volume of water gives power - the
more volume, the greater the force. Finally the profile of terrain is also important, as
water will always seek the path of least resistance.

Runoff
All runoff begins with precipitation. Most precipitation begins as a series of small
threads of water flowing over the land surface. At the bottom of slopes this flow
becomes concentrated into a stream flow, and this begins the process of valley formation.
This overland flow inevitably results in erosion. Usually the rate of erosion in
undisturbed areas is balanced by the formation of new soil materials below the surface.
However, the rate of erosion can be accelerated on sloping terrain where humans have
altered the vegetation that normally reproduces the soil. These processes, along with the
variables in climate, create forces that shape the earth's surface. Figure 94 illustrates the
hydrological cycle that contributes to precipitation and creates the process of runoff.

Figure 94: The Hydrological Cycle

Questions:
1. Precipitation is only part of the hydrological cycle. Referring to Figure 94,explain

the sequence of events from the beginning of a rainstorm on a sloping surface to the
discharge of overland flow into a river.
3. Explain how the rate of overland flow can vary according to the following factors: the

amount, intensity, and duration of precipitation; the amount and kind of vegetation;
the type of soil; the type of structure of bedrock, and the steepness of the slope.
3. As water runs across the earth's surface. the terrain moistens and erodes. Stronger

rock surfaces will take longer to erode, while weaker ones will be washed away
quickly. Using the diagram, explain how this erosional process may be accelerated
and suggest some measures that might stop this destructive process.
4. Other than deforestation, how else can the erosion caused by stream flow be

accelerated as a result of human interference? Why does increased erosion in the
upper parts of a river system increase the risk of flooding downstream? Why is this
problem usually greatest in developing countries?

Source of Flow
Water in the Rocky Mountains begins from a source in the form of a glacier or water
body (such as a lake, ground water, or precipitation). The flow can fluctuate greatly

depending on the amount of additional precipitation. As the flow increases in volume
and gradient - so increases its ability to shape the land. The consistency of the landform
determines the potential for erosion to occur. As water accumulates from the watershed it
gradually begins to shape terrain.

Ir

Rivers at Work: Agents of Change
Rivers are responsible for altering landscape through a variety of agents, or forces within
them that can change the earth. As a gradational agent, running water in all its various
forms is involved in three interrelated activities: erosion, transportation and deposition.
1.

Erosional Agent

Overland flow can carry particles of soil and other material during periods of heavy
precipitation. Through scouring and velocity, running water can drastically alter the
entire landscape. There are four principal means of erosion:

-

Hydraulic Actiorl (pressure) removal of loose particles by force

Abrasion - mechanical wearing away of land by particles
Corrosiorz - gradual disintegration of rocks through chemical reaction
Arrrition - particles within stream collide and break against each other

1I.

Transportation -Agent

Stones and large boulders may be rolled or bounced along a riverbed, whereas smaller
debris may be carried along in suspension and solution. The amount of load a stream is
capable of carrying depends upon the volume/velocity of flow and the surrounding water
table. For example, during a flood,doubling a river's speed will increase its transporting
capability.

111.

Deposition Agent

Deposition occurs when a river's carrying capacity to transport material is reduced. This
is caused by:
running water entering a slower moving body
adecrease in gradient
Deltas, levees, floodplains and sandbars characterize rivers that have reached the

depositional stage.
The Capacity to Move Material
Every moment of everyday. rivers transport material from one location to another. The

ability of a stream to carry rock and soil panicles is measured by their competence and

cnpacic. Competence is determined by the largest size of particles that can be carried,
while capacity is the maximum amount of particles of a given size that a stream can carry.
Both the competence and capacity are measured by the effectiveness of a river to carry

sediment in four different ways; traction. saltation, suspension and solution (Figure 95).

Figure 95: 4 Ways Rivers Carry Sediment

Traction, Saltation, Suspension, Solution
Traction: the largest materials that can be moved are rolled along the streambed
Saltation: smaller sediments are bounced along the streambed by the current
Suspension: even smaller particles are carried within the stream flow itself
Solution: dissolved minerals and rocks (salt, limestone) transported by the flow

The Shaping of Rivers
Reaching Equilibrium: The Graded Stream
The cumulative result of a river transporting material within its flow is erosion and

deposition. Erosion is a force renroving material. while deposition adds to the amountMany rivers may have both of these processes occurring along different sections, but over
time the river will inevitably work its way lower into the landscape. This gradual

lowering of the streambed will continue until the base level is reached. The base level is
quite often an elevation where a stream enters the ocean, sea, lake, or another stream - it
is the lowest possible level a stream can erode its channel. Streams are constantly

adjusting the channel and gradient so that the amount of sediment being carried matches
the ability to transport material. Once such a balance is reached, this is known as a

graded stream.

Along the path to becoming a graded stream a river is constantly altering its course

depending on the flow and amount of sediment within its current. Figure 96 illustrates
how the flow accelerates or slows as a result of the bends in the river, and where the

maximum flow velocity can be found within the water colurnn itself.

Figure %: The Flow of Rivers
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The Kicking Horse River of Yoho is an example of a river that has more than one local
base level. The upper reaches (such as along the Great Divide) has a flow that is cutting
directly into a rock bed of a different hardness, providing varying base levels in the form

of small lakes and pools. Then there is the lower section that flows along the TransCanada Highway through the town of Field and it is slowed by a significant decrease in
gradient as it travels across an alluvial floodplain.

Terrain Features of Rivers
The channel occupied by a river varies greatly according to the land it cuts through, but
there are some common characteristics we can use to help describe them.

Rapids and Waterfalls
Perhaps the most impressive part of a river is its cascades and chutes over the rocks in the
riverbed. The two key ingredients required for rapids or falls to make white water are
steep gradient and water flow. The Kicking Horse has some of the most exciting
stretches of white water anywhere. Natural Bridge along the Emerald River is an
excellent viewpoint to study fdis and rapids.

Meanders
Meanders are the classic lazy bends in a stream that typically occur where the channel
flows across a flat plain. Meanders can develop

in rivers of any size, and

characteristically form when there is a gentle slope along with some combination of an
accumulation of sedimentary materiais. In order for a meander to form, as illustrated in
Figure 97, the initial flow of water is deflected by some obstacle - such as a rock. As a
result of centrifugal force, the deflection accelerates the flow into the opposing stream

bank and it begins to erode. The depth and velocity of a river is greatest along this
outside bend. Along the inner ponion of the bend, the water depth and velocity are at a
minimum. Mud, sand, gravel and clay are gradually deposited along this inner bend to
the point where the sediment Ioad creates a point bar. The gradual sideways growth of
the river bend creates a meander curve and widens the river on both sides - this process is

referred to as lateral erosion. As the meander continues to develop, it begins to narrow
the neck of land at the base of the meander curve. Eventualiy, the neck of the land

becomes so narrow that the stream slashes through it - usually during a flood. After the
cut-off has occurred, the stream continues past the otd channel that begins to fill with silt.
This channel then becomes isolated from the main stream and eventually develops into a

separate 'oxbow lake'.

Figure 97: Lateral Erosion and Formation of Oxbow Lake

In a young river, the flow is dominated by gradient and travels in a direct path. The
channel. as it begins to erode the ponion of the riverbed. begins to strike obstacles that
deflect the flow and allow for alluvial materials to be deposited. As the flow continues,
the river changes shape.

Stream Flood Plains

Meanders play a key role in the formation of flood plains. As a result of lateral erosion,
the meanders erode away at the stream banks and create a level plain that is slightly above

the elevation of the stream itself. The size of the meander curve depends on the volume
of water flowing in the stream. Thus the greater the flow, the larger the curve of the

meander, and consequently the flood plain becomes wider.
Along the riverbanks, levees are formed from the deposition of sediments. Levees are

natural barriers that are formed during flooding. When a flood occurs, high water will
flow over the banks and extend itself onto the flood plain. The velocity of the water is

reduced as the flow carries over the shallow surface of the flood plain. This decrease in
velocity as the water moves fanher and fanher over the flood plain indicates the sediment
load gradually accumulates along the main channel of the river (Figure 98). This creates

a moderate downward slope away from the stream channel.

Figure 98:

Questions:
a

When natural levees allow a river to rise higher than its flood plain, is there a
potential for damage? Can you suggest any recent disasters where this has happened?
Suggest what environmental implications may occur if natural floodplains are

inhibited by interference from man.
Is there a need for floodplains? What are some appropriate land uses for flood plains?
Why do many municipalities prohibit the construction of homes and other buildings

on river flood plains?

At one time, J.J. McArthur, who discovered Lake O'Hara, and Otto J. Klotz, a railway
engineer, proposed that a dam be built on the Kicking Horse River. Fortunately,
nothing ever came of it. What implications would such a structure have created if it
were ever built? Can you suggest any major points of interest that would be no longer
be visible?

-

River Gradation 3 Stages of Development and Identifying Characteristics
Rivers are an abiotic feature of the landscape, yet they pass through stages of change
much like living organisms. Ultimately, rivers will wear down the land in their drainage
basin as they follow through different stages of development. Each stage has distinctive

features that enable a geomorphologist to identify the age of the river and possibly predict
its future behaviour. Essentially, rivers can define the landscape based on these
characreristics. This classification of rivers according to their stages of gradation is a
common and useful form of generalization, however it is imponant to emphasize that the
idealized sequence of stages presented here is seldom as clear-cut in reality. Having said
that, the work of running water causes the land in the drainage basin to be lowered and
certain stages can be recognized.

The Erosional Stage of Gradation
Rivers in the erosional stage are divided into two different categories: youthful or mature.

I. Youthful
This is a river that has a high gradient and a generally violent flow that creates a torrent
along its course. A youthful river is characterized by:
a V-shaped gorge or canyon
evidence of vertical erosion (as water pours over a fall, forces wear away at the
material immediately behind the flow)
many waterfalls and rapids
mountains or highiands
several swamps and wetlands (indicating poor drainage)

11. Mature
A mature river differs from its youthful counterpart in that there are many tributaries

entering the main flow - thereby indicating good drainage. The resulting landscape is
made up entirely of valley slopes, and is usually quite hilly. A mature river is

characterized by:
beginning of lateral erosion
meanders widen the valley floor
there are no waterfalls or rapids
many tributaries enter the main flow (good drainage)
111. The Depositional Stage of Gradation (Old River)

This occurs when the water level is low and the floodplain is dominated by a river that is
wide and normally shallow. It quite often will divide into numerous channels separated

by constantly shifting sandbars. The river flows so slowly that any minor obstacle can

block its progress. An old river is characterized by:
plain course - almost flat and straight in some cases
oxbow lakes
meander s c x s

creation of a floodplain
presence of levees
formation of a delta or sandbars
Questions:

Which stage is the Kicking Horse River at? Does it have more than one? What evidence
supports this?

The Classification of Rivers
Geographer William Davies first introduced a common system of classifying rivers.
Davies suggested that rivers followed a life cycle not unlike the living world; youth,
maturity, and old age. One critical difference between this river 'life cycle' and that of

the living world was that rivers could be rejuvenated - through geologic processes such as
mountain building. We know that the ruth's surface is a dynamic and changing
landscape, and Davies system of classification works towards a greater understanding of
identifying this process.

Figure 99: Youth River
This is the initial stage of Davies' 'Geographic Cycle'

of rivers. As the force of the river carves its way
downward through the landscape to form a steep Vshaped valley it begins the process of vertical erosion.
This erosion d s o causes another process known as
heahvall erosion where the river begins to work its

way backward into higher and higher ground. This occurs when the water that flows over
softer rock layers will crumble away over time. For example. a thousand years from now.
Takkakaw Falls will be set back several metres in the rock it currently leaps over as that
bed erodes away. A steep gradient. numerous waterfalls, turbulent rapids and rocks

throughout the stream flow characterize a river in the youth stage.
Figure 100: Mature River
The major change from youth to mature is identified
by a much more developed drainage system of the

river basin. The river is continuing to erode vertically
and the valley is deepening, but some meanders are
beginning to take shape through lateral erosion. This
is widening the valley floor - creating the beginning of
a narrow flood plain. Furthermore there are fewer rapids and falls as the gradient is much
smoother.

Figure 101: Old Age River

Deposition and lateral erosion dominate the processes in

an old age river. The flood plains are broad and marked
with large meander curves, ox-bow lakes, back swamps
and natural levees. The deposition of the sediments from
the upstream flow changes the shape of the river more
than erosion. Streams leading into the river have wide

and smooth channels. There are virtually no waterfalls
and rapids. The mouth of the river is developing a large delta where it empties into a

larger body of water.

Figure 102: Laughing Falls
Figure 102 of Laughing Falls is found in the Yoho valley and it
is a good example of what could be classified as a young river.
This waterfall and powerful rapids can be seen along the Yoho

Valley trail towards Stanley Mitchell Hut. This example of a
young river torrent is a typical scene along many of the trails
that follow rivers in Yoho.

-

Mass Wasting The Landslide of 1994
Figure 103: The Effect of Mass Wasting on klount Stephen

Rejuvenated River

The importance of gravity in creating landforms is often
overlooked. It exerts a downward puli on weathered
particles that cover the landscape. This can sometimes result
in a massive movement of material and these movements are
referred to as mass movement or mass wasting. As
Geographer William Davies once suggested a major physical
event such as a violent uplift in the land surface (perhaps in
the form of an earthquake), could change the landscape - thereby causing the river to

begin an entirely new erosional process.
In the case of the Kicking Horse River basin, the major physical event could take the
form of a massive land slide or jokilhlaup (yok-el-lawp), an Icelandic word which means

-glacier flood.

In the summer 1994, the glacier above Mt. Stephen was saturated with melt

and rainwater that caused a great slide of rock and dirt down the South face. The siide
was

so great that the debris pile dammed the river and created a flood that washed out the

Trans-Canada Highway.

Figure 103 shows the glacier ice plug that hangs on the side of Mt. Stephen. Viewed
from the ridge between Mt. Wapta and Mt. Burgess and looking South, there is a lake
behind the glacier on the upper left hand of Mt. Stephen. When sufficient rain and water

accumulate into the lake, the water actually lifts the glacier up and water, rocks and other
debris race down the steep mountain slope to the Kicking Horse River basin below. Once
the debris begins to slide and gains momentum, the slide becomes vinually unstoppable.

Today hydrologists working in Yoho National Park actually pump excess water from the
lake behind the glacier and divert it elsewhere to avoid the problems of 1994.

Questions:
Considering the photograph above, make a prediction as to how the landform of Mt.
Stephen could potentially change with repeated jokulhlaups. Draw a sketch to explain
your answer.
What further measures could be considered to prevent future landslides?
Canadian National Railway reportedly can lose millions of dollars a day when the
main line of the railway is closed. Blasting, moving rock and reshaping the land are
common measures to prevent further problems. How would you feel about altering
the landscape of Yoho National Park to allow safe passage for Mil and other vehicles?

Extension:
Considering a word like jokulhlaup, are there other examples of words that Canadians
have adapted from foreign languages to explain things? For example: Chinook. from the
(Stoney Indians) meaning 'Snow Eater', Tsrinanli (Japan) meaning 'tidal wave', Blitz

(German) meaning 'move like lightening', or Deja-Vu (French) meaning 'already seen'.

Field Study Activities
Organizational Framework

The study consists of using seven stations where hands on activities and data collection

will occur - these are divided approximately 30 metres apart. This approach keeps the

groups within a manageable area, and allows the teacher to move between stations while

"

rrionitoring the overall study. The groups can move from one activity to the other,
spending approximately 25 minutes to complete the set of tasks.
The activities within this study plot will use lessons from several different subject areas.
While a large degree will be scientific, some activities involve reflection and personai

creativity.
There are several locations to perform this study close to Field: the Kicking Horse River.

Emerald River (Natural Bridge area) and the river below Takakkaw Falls. Contact the
Warden Service for water levels and other safety considerations.
Materials:
Required materials are listed with each of the lessons

Personal Rucksack for Each Student:
rain gear (jacket, pants)

toque

sturdy hiking footwear

gloves

sunglasses/safety glasses

journ~pencils

water bottle

snack food

camera (optional)

Time: Depends on how many stations are used (plan for full day)
7 stations x 25 minutes each = 175 minutes (2.45 hours)

The Rolling Stone Activity
This activity is preferably done when the students first arrive for the field study because it
demonstrates some important basic information (and it bums pent up energy!).
Kananaskis Country in their Written in Stone (1994) program originally developed the
Rolling Stone Activity, and it simulates the formation of sedimentary rock layers and how

they are transported during erosion. Contact Kanmskis Country Environmental
Education Office at (403) 678-5508 for more information on this and other earth science
materials.

Instructions:
1. Ask 4 of the stronger students to stand in a row. They represent the river.

2. Have the rest of the class stand in a group at one end of the row; this second group is
the mountains.
3. The teacher should stand at the opposite end of the row; this spot will be the ocean.
4. Place a luge tarpaulin on the ground to delineate the area of ocean where the students

will be deposited.

5. Explain to the cIass that they will represent a mountain being eroded; the eroded
sediment will be carried to the ocean, and onto the surface of the tarpaulin (ocean).
6. The 'river' students will brush by the mountain and randomly carry the particles of
sediment (individual students) downstream. Then stack the particles like wood on the
tarp. For safety's sake, have the students lie face down.
7. Af~erfive in a row, place another row on top of those students.

8. The end result should be a pile of sediments on the ocean floor.
Question:
How did the students who were sediments on the bottom feel?

They likely felt squished and hot. = PRESSURE AND TEMPERATURE (IT) are
the key ingredients for lithification to occur. Geologists can learn a great deal from
the rocks and their composition by referring to this PT scale.

Extension

This activity can be modified by including a water bottle with the top loosened, some
branches or leaves, and wrapping black cloth between or around the students. The water
gushes out, the plants get crushed, and the black material represents the formation of coal.
During the process of lithication water and other liquids are squeezed out by the
tremendous pressure. If the appropriate conditions are there, plant material that is buried

along with other sediments typically becomes cod, while organic material becomes
natural gas or oil deposits.
Modifying this activity might prove useful when discussing the mining history of Yoho
National Park. Students may be surprised to !earn that resource extraction in Yoho
continued until as late as 1952. The principle materials extracted from Yoho were lead,
zinc, and ore. These were located in hydrothermal veins that reveded approximately 7%
concentration. Evidence of this mining is revealed in the huge portholes in the cliffs
above Field. Archival evidence and other historical references on this little known part of
Yoho's history are available through Parks Canada.
The Burgess Shale creatures likely experienced the same pressure and temperature after

they were buried at the base of the Cathedral Escarpment (their final resting place in the
Walcott and Raymond Quarries). The major difference is the sediments that continued to
bury their bodies were a combination of terrigenous (land based) sediments and repeated
sloughing of material from the sea floor above.

Field Study Workstations

I.

Once Upon a Rock

In this activity, students can sit down next to the river and recount the story of how a rock
came to be that shape, colour and size, and include an account of its journey to that
resting spot. The objective is to awaken their sensory skills and creativity prior to the
data collection.

Objectives:

To engage students in thinking about rocks outside of scientific descriptions.
To tune students into the surroundings using sensory skills.

Curriculum:

Language Arts 20
Extension and enrichment of non-verbal communication (sensory mapping)

Use of language to explore the environment, and develop new concepts to evaluate
what is discovered.

Materials:
Blindfolds

Rocks
Personal joumaVpencils

Location:
Along any riverbank where a variety of rocks can be found.

Instructions:
1 . Have the students select a spot along the riverbank and sit down.

2. Place the blindfold over their head.
3. Ask the students to feel around their immediate location to find any rock.
4. Giving the students a few minutes. have them feel, smell and explore the rock. Ask

them to visualize how it might look, and what colour it might be. After a few
minutes, have them remove their blindfold. How close was their image of the rock?
5 . Orally, (or in their journals) have the students, describe what kind of 'life' the rock has

had up to when they picked it up. Some story ideas might include, falling down the

mountainside. getting stepped on by a bear, freezing in the snow. or tumbling down
the river. Encourage the students to suggest how the rocks received their colours or
shapes.
11.

Got the Time?

This is an activity that demonstrates how to visualize geologic time originally developed
by the Kananaskis Country Environmental Education Department in 1994.

Background
Understanding geologic time can be difficult, as long periods of time in human years

rare!y goes beyond 100 years. The earth's history is a sequence of events occurring over

billions of years - so it necessary to make a special model to help see what geologic time
looks like on a tangible scale. As students work with calculations and information
needed to prepare a time scale. they can appreciate the difficulties in expressing geologic

time.

Objectives:
To engage students to visualize the earth's history over time.
Construct a geologic time scale.

Curriculum:
Science 20

-

Unit I: The Changing Earth Major Concept 4:
The fossil record indicates that the environment and life forms on earth have

undergone a sequence of changes over more than 3.5 billion years.
Draw a time line of the geological history of the earth.
a

Describe the main characteristics of life forms in the four eras of the geologic time
scale: Precambrian, Paleozoic, Mesozoic and Cenozoic.
The environment and the distribution of organisms are in a perpetual state of change.

&laterials:

Rope - 5 metres long.
a

lMetre stick or tape measure.

a

Baggage ID tags with string attached.

Marking pens.
Geologic time period handout sheet (included in following pages).

Instructions:
This activity uses mathematical skills involving ratios and measurements. To familiarize

yourself with the calculations, prepare a sample scale. Time intervals for each period are
given in Figure 104.

I . Begin the measurements from one end of the time rope using the following ratio:

1 metre = I billion years
1 centimetre = 10 million years
1 rnillimetre = I million years

Sample caiculation for length of Precambrian Era:
a*) 4 600 000 000

- 575 000 000 = 1 025 000 000 years

(this is a number of Precambrian years)
b.) if 1 0 0 0 0 ~ 1=cm

4 025 000 000 divided by 10 000 000 = 425
then 425 x 1 cm = 425 ern or 4.25 m
(the distance from the beginning to end of Precambrian is 4.25 m). Afterwards.

complete the periods with Cambrian, Ordovician, etc.

After calculating the distance for each Period. measure it onto the rope. Mark the
position with a coloured pen. Between each of these marked positions attach a
baggage

I
D tag to the rope. The tags could be colour coded to signify different types

of information (i.e. first life forms. first vascular plants. first dinosaurs).

Variations:
For an even bigger scale.. .
10 metres = 1 billion years

LO centirnetres = 10 million years
1 centirnetre = i million years

Extensions
Attach extra colour coded baggage tags to the time rope. Blue for biological

information (e.g. extinction and introduction of new organisms), and brown for
geologic events.

Once the students have worked through the time rope, ask them to create their own
time scale. They can use trees. stems on a plant. branches or whatever else is

appropriate. Their time line could include some of the time cards that were presented
in the time rope exercise.

Figure 104: Emh's Geologic Time Line
Kurranoskis Cowztry Earth Science Acriviry Guide, ( 1987).

111.

Rock Plot

The Rock Plot activity has students identifying layers of rock within a delineated section
and measuring them using a unique tool: pogo.

Pre-Activity :
1. Divide the students into pairs.

2. Give each pair one blindfold.

3. While one student is blindfolded, the other will s e n e as that blind person's guide.
4. The guide will lead the blind person to a spot in the study area. Once the guide has

selected a spot (it can be a rock, a flower, or some other feature), they are to direct the
blind person's hands to the spot and let them explore. While the blind are touching
and feeling the spot, the guides will describe in detail the colour, shapes, and any

other information to create a visual image in their blind partner's mind.
5. The blind should use their hands and sense of smell to determine the temperature,
smells, textures and special features of that spot.

6. After the blind have had enough time, have the guides lead them back to a place
where they can turn them around, remove the blindfolds, and then have the person try
to

find the spot they were just exploring.

7. Switch roles.

Objectives:
Identify rock layers and translate them into making inferences about their relative
ages.

Cu rticulum:
Science 20
Unit I: The Changing Earth
Inferring the relative ages of rock layers, using geologic principles.

Make inferences about climate, based on the rock record.
Measure slope angles of geologic formations and predict mass wasting capabilities.
Recognize that forces of gravity affect the environment.

Materials:
1 pogo stick per group

String or stakes to plot out study area
Clinometer

Journal
Location:
Mt Stephen Fossil Beds
Walcott Quarry

Raymond Quarry
Any rock outcrop
Background:
Following a layer of rock in the field can be difficult. In an ideal situation, the outcrop
you would like to study is free of soil, vegetation and other surface material. Rock layers
can range from only a few centimeues to several hundred metres in length. Carrying a

tape measure through brush and down steep slopes can be frustrating; geologists use an
instrument known as a pogo as an alternative means of measurement. Geologists have
been known to say: 'Wherever Po go, I go'.

Pogos are units of measurement used by geologists to follow layers of the rock record
while in the field. For example, once the researcher is confident that they have identified

a layer of rock, 'pogo' can be laid parallel to the rock and the size of the layer can be
measured by recording the number of pogos. Essentially, pogo is a large portable ruler.
To make a pogo, you will need some wooden sticks (broken hockey sticks make great
pogos) of 1.5 metre or greater in length. Paint the pogo stick red and white in sections of
10 cm alternating down the shaft of the pogo.

Instructions:
By examining the rock outcrops at this station, students can attempt to identify layers and

use measurement techniques to translate their size into time. Detennining the size of the
layers is a significant exercise, as large sections of sedimentary rock reflect extended

periods of climatic stability. In order for a particular layer to be deposited the climatic

conditions were consistent enough to aIlow the same sediments to be laid down over and
over again. A layer of different material on top suggests a sudden change in the
environmental conditions likely caused by a change in climate.
As students measure the size of a layer with Pogo, they can also record the tilt of the
layers using a clinometer. Measuring the slope can help predict the process of mass
movement or mass wasting (such as landslides, rockfall or avalanches).
Ask the group to record their measurements along a specified landform

Using a bit of string or other material, have students mark off a plot on any outcrop.
Ask the students to draw or diagram their plot in their journals.

Measure the plot in decimeues using pogo.
Kore the slant, or tilt of the rocks.
Use the clicometer to measure the slope of the outcrop.
Ask the group to create a scale topographic map of their plot. One view could be a

profile and the other should be a bird's eye view. (see Chapter 7 for more on
topographic mapping).
Ask the group if changes in soil, vegetation or weather are related to the angle of the

slope.
Photograph the teams in action to create a collage of the entire study area complete
with their results and topographic maps for display.
Post activity discussion can link the field observations with Table I. Predict the
stability of the slope based on the material of which it is made.

Table I: Stable Slope Angles

Uncernented Materials
Fresh snow

Angle of Instability (degrees)
up 40 - 50

Old snow
Talus (rock rubble)
Glacial Till
River Sediments
Sand and Gravel

Sandy Soil

Loose Sand
Glacial Clay
Organic Clay

Bedrock
Soft Sedimentary Rock, e.g. shale
Hard Sedimentary Rock
Sandstone

Limestone
Taken from Dackombe, R.V. and Gardner. V. Gcomorpholoeical Field Manual.
George Allen and Urwin, London, 1983.

IV.

Flow me Over

Determining Force and Volume of Stream Flow
In these exercises. students do one of the following activities to measure the different
parts of a riverbed and determine how fast the water is moving material downstream.
Students then consider the speed of flowing water and relate that to how the river
translates into an agent of erosion.

Objectives:
measure appropriate factors and use instrumentation to determine the metres per
second flow of a particular section of stream
relate the speed of flow to problems of erosion. harnessing energy and the importance
of water for irrigation purposes

develop a testable hypothesis to explain the formation of river valleys
understand the role of stewardship in caring for rivers in the future

Materials:
r

5 metric spring scales (or enough to divide class into equal groups)
5 small fishing floats

stop watch
10 metres of string

tape measure
clean collection jars or bags
personal journal and pencil
pogo stick (a metre long stick painted red and white in decirnetre increments (each
increment should be 1 dm long)

Location:
Any stream or river

Instructions
1. Select a section of the Kicking Horse River or other tributaries (consider water levels,

location and safety issues - this river can be dangerous - consult the Yoho Warden
Office for a suitable study area). The ideal location should be one that allows safe

water access for the measurement of 5 metres of riverbank where the depth can be
easily measured in several places.
2. Assign the group to a section of river.
3. Collect water samples for later analysis. The samples can be tested for oxygen,

carbon dioxide, acidity and silt.
4. Attach the string to the

hook of the spring scale and tie the fish float on at the other

end of the string. With the spring scale and float tied together, this can measure the
pull (force) of the water flow in a section of stream. Holding the scale firmly in one
hand and the string coiled in the other hand, drop the fish float into the water and
allow it to travel downstream. Once the slack in the string has been stretched, read
and record the force of the pull. (Note: You may {rave to attach a weight to thejloar

ro sink ir itlto the current as it may justf70at on the sut$uce.)

5. Using 'pogo' sticks. record the depth of the water (in dm) where you measure the
force.
6. Repeat the experiment at different locations within the designated sections of stream.
7. Have students record the findings in their journals.

Activity I1

Determine the metres per second flow.
1. Using pogo. measure out a section of 5 metres along the riverbank.

2. Untie the fish float from the end of the spring scale.
3. Cut 5 metres of fishing line and attach fish float
4. Tie the Line with fish float to the end of a stick (perhaps a hockey stick or pogo)

5. Have one person stand at the end of the 5 metre marker - this person will be the

recorder with a stopwatch.
6. Have one student stand at the start with the line in one hand and the float in the other.
7. Holding the end of thefishing line. drop the float into the water and yell; "Start!"
8. The recorder with the stopwatch at the end of the 5 metre marker should begin the

watch as soon as "Start!" is heard, and stop the watch after measuring the time in

secorzds it

takes the float to move downstream 5 metres. Repeat the procedure a

minimum of three times and calculate the average.
9. Record the results.
10. Repeat the procedure in different locations of the designated section.
1 1. After recording the measurements for the speed of that section of river, measure the

volume of water in the 5 metre section with this rough calculation:
Measure the width of the smam at several points along the span and the depth in
several places, including the banks and the centre. Avenge the depths. Multiply
width by the average depth to obtain the volume
a

Calculate the flow in metres per second: multiply the volume of water by the time
it took the float to travel 5 metres and divide by

5.

Metre per second flow = Volume x Time (seconds)
5

If time permits, perform the same experiment where the water appears to have a

different flow rate. Compare the results with the previous site.
a

Observe the evidence of erosion dong the stream banks.

Questions:

Would a faster flow cause even more erosion? Why? Where would the eroded
material travel?
Observe the area where the stream is located. Develop a tentative hypothesis to

explain how the valley is shaped and the approximate age of the valley as carved by
the river.
Concepts
Moving water is an example of mechanical energy. The energy of moving water is
responsible for most of the erosion of the landforms we see today, and this process has
taken millions of yean and works in cycles. While this region is being eroded, the
transponed materials will be 'recycled' and new landforms will begin to take shape long
after our lifetimes.

Ex tension:
Pre - Post Activity
On the following pages are two land fonn maps. Use the first map after the field study to
evaluate the students' knowledge of geographic vocabulary. Use the second set of maps
to have the students identify specific landforms they recognize from the Yoho area on a

similar kind of map.
Voca bufary Definitions for Figure 105:
Socirce: the origin of water within a particular region that can be in the form of a glacier.

lake or natural spring.

Tribrrmry: any stream that flows into another stream.
Morcth: where a stream empties into a standing water body.
Co~zfluence:where two streams meet and combine.

Drabrage Basin: an area defined by a river and its tributaries.

Irzfefl~tve:
an area of land between two rivers.
Drlrc~:a low-lying area found at the mouth of a river and formed of deposits of alluvium

(sediments).

Figure 105: Landforms Made by Running Water

Figure 106: Source and Basin Master

Using Figure 106, think of some specific locations of the river you are studying and see
where they match with the diagram above. Write your answers on the blank illustration
(Figure 107) or. the following p a p . You may use this drawing as your guide or develop
your own.

For example, in the Yoho Region:
The lake could be Emerald Lake
The Glacier could be the Daly Glacier
The falls cou!d be Natural Bridge found along the Emerald Lake Road

Figure 107: Source and Basin Exercise

V. IamRock
Using the Rock ID sheets (Figures 108 and 109 on the following pages were originally
developed by Kananaskis Country), students explore and collect different rock samples to

determine what kind of rock they have found using their senses and basic chemistry.
Objectives:

Use observation and mineral classification skills to identify local rock types.
Have students identify geologic materials they may find

Curriculum:
Science 20

Unit I: The Changing Earth
Identify examples of Igneous, Sedimentary and Metamorphic rocks.

Materials:
Blindfolds

Rock Identification Sheet - "ID Sheet" (Figures 108, 109)
Hand lens or magnifying glass

Time:
25 minutes

Location:
Along any river bed or rock cut

Instructions:
1 . Have students select a spot along the study area.

2. Give the students 10 - 15 minutes to collect 6 rock samples that they each feel are
different.

3. Have them attempt to identify each of the different kinds of rocks using the I
D sheets.
4. Once they have confidently identified their rock samples, have them group into pairs.

5. While blindfolding one person, have the other person attempt to identify that rock

using all the senses except sight with 6 different rock samples.

6. Switch roles.

Figure 108: Rock Identification Sheet 1

Figure 109: Rock Identification Sheet 11

M. Water Dynamics: Parts of a Rivcr

In this activity. students view a river and distinguish its different pans through definitions
and sketches.

Objectives:

recognize the various parts of a river, and identify what causes those particular
features
formulate a working knowledge of potentially dangerous sections ot the river
describe and sketch the mechanics of moving water

Time:
25 minutes
Materials:

Parts of a River: student copy (Table II)
Copies of Figures 1 10, 1 1 1, 1 12 (on foliowing pages)
Journal and pencil for sketching
Setting:

any river with rapids and falls
Instructions:
I . Bring the students to the selected area and introduce them to the section they will be

studying.
2. Provide students with the word definition lists (Table II),and inform them not to
worry about getting each definition correct. The aim of the exercise is to have the

students complete the definitions just on word association.
3. After they have completed their sheets, go over the working definitions with them and

compare their definitions and answers with the teacher copy.
4. Once the students have worked through their answers and the answer key, give them

Figures 1 10, 1 11 and 112 and allow them to work in groups and specifically identify
the water formations on the sheet with those on the river in front of them.

Teacher Copy: Answers for student worksheet
Identifv:

Definition:

Sketch: (on the back)

Eddy:
Located normally behind an obstacle in the river such as a r x k , this is a calm or flat
section of current that slows downstream of the obstruction. Water cannot flow though a
rock. so it is forced to go around or over it. The current in an eddy is actually upstream.

Hole: (keeper)
Holes are caused by a large volume of water pouring abruptly or vertically over 3 large
rock or ledge. The water seems to scoop out a deep hole filled with foamy water that
rolls back upstream. It is known as a keeper because the hole will pull a boat or swimmer
back into it again.

Downstream 'V':
Water flowing downstream in the shape of V indicates a deep channel between rocks. A
V that is pointing upstream is pointing at a rock.

Standing Wave:
These waves are usually found at the apex of downstream V's. Standing waves are deepwater waves caused by the fast water racing down the V and hitting the slower moving
water. There are usually a series of these waves aligned downstream like a roller coaster.

Whirlpool:
Just like the one in the bathtub!

Boil:
A boil is an upheaval of water usually d t e r the river has passed through a narrow

constriction. The water wells up in the centre, then flows off to the edge.

Undercut:
Over time, water will begin to erode soft materials and rock away from the riverbank.
allowing the flow to travel underneath the roof it has created.
Pot holes:
A pothole is an eroded depression in the rock. Sometimes the wearing can erode right

through the rock to create a tunnel.

Table 11: Parts of a River (Student copy)
Identifv:

Eddy:

Hole: (keeper)

Downstream 'V':

Standing Wave:

Boil:

Undercut:

Potholes:

Definition:

Sketch:

(on the back)

Figure 110: The Flow of Water in a River

Morpholow - Water Dynamics
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Original Drawing Adapted from Davidson and Rugge. 1983. p. 129.

Figure 111: Water Hydraulics and Obstacles

a) water Bowrng over m o o & obstacle;
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with increase in water level
b.) water f l o w over sharp obstacle wd
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Original Drawing Adapted from Davidson and Rugge. 1983, p. 119.
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VII.

River Word Dance:

Ln this activity. students listen to a passage that describes the significance of rivers and

water from a different perspective. Applying what they have discovered about the
physical attributes of riven. students attempt to articulate their relationship with water.

Objectives:

appreciate the significance of rivers
understand the language of description
interpret and translate a passage into their own words

create a river word dance of their own
tuns in to a 'sensory mapping' of an area
Curriculum:

Language Arts 20

Use personal or exploratory writing, such as journal writing o r personal reactions. to
express and clarify their thoughts and feelings. and to develop ideas for other types of
writing.

Time:
25 minutes
Materials:
journal

pencil

Setting:
Any natural area with lake. stream or river nearby.

Instructions:
Riven mean different things to different people. Read the following passage by Henry

David Thoreau from his journal 1851 - 186 1 The River (or one of your own). and then
have the students paint their own literary image of riven and water in their journal.

Encourage the students to integrate some of the images that they have found in the
vicinity.

"...The river is a rroble stream of bs.ater. flotcing bentseen gentle llills ar~d
occasional clifls, and well wooded along the way. i t can hardly be said to
florv at all,but rests in the lap of the hills like a quiet lake. The Boatmen
call ir a dead stream. for marry long reaches p l r can see nothing to
indicute tllat men inhabit its banks. Nature seenrs to hold a Sabbatlr
Ilerself today - a still rsWunnsun on the river and wood, and rrot breeze
ertolrgh lo rufle the water. Cattle stand up to their bellies in the river, atld
you think Rentbrandt should be here.
The river nowadays is a permanent mirror stretching withort r end
rtzrough the trzeado\t*s,and totfailingly when I look our my window across
the dusty road. I see it at a distance with the herbage of its brink reflected
irz it. There it lies. a tnirror ~mcracked,unsoiled.
The river smooth, though full. with the autumn slreen on it, as orz
the leaves. I see painted tortoises rvith tIreir entire backs covered with
perfectly fresh clean black scales, such as no ntbbing nor varnishing can
produce contrasting admtageortsly rr-itjz brorr.lr and trrltddy ones. One
I irrle one flours past on n drtjiing pad rvhich he partly sirzks- "
(H.D.
Thoreau, 1963, p. 120)

Conclusion to Seven Stations Field Study Unit

Once students have completed the lessons in this field study, encourage them to pursue a
study of their own river. Provide them with the suggested guidelines on the following
page and have each student prepare a presentation of their river.

Following the presentations, a unit test is included as a possible assessment tool at the
end of this chapter.

Guidelines for Independent Study River Assignment
From an atlas or a topographic map find a river that is of significant in your region or
country.
1. Briefly describe your relationship with the river:

canoe trip
a surnmer retreat
other interest to you
2. Describe the river and the political areas through which it flows.

aboriginal land
National, Provincial Park or other protected area
different provinces, or countries
3. Indicate how inhabitants of the river depend on its existence (socially, economically.

politically)
4. What species of terrestrial and aquatic wildlife use the river as a primary habitat

5 . On a clear piece of plastic (overhead sheet), trace the shape and extent of the drainage

basin and the mainstream or channels.
Using a legend, indicate location of towns, bridges, significant boundaries, and

high points of Iand
Identify the river as youth, mature, or old age
6. Calcuiatr the length of the main river and its primary tributaries.
7. List the three most important factors that influence the size and volume of water in

the river.
8. Describe the ways in which humans have influenced the river and the area through

which it flows.
9. Provide a cross section of the river illustrating the change in gradient from source to

mouth.

10. ÿ make a chart comparing the four ways sediment load is carried by your particular

river.

method of movement
particle sizes

estimate required velocity
estimate amount of material transported
91 [n the event of a flood, suggest what

areas would be effected and describe. if any, the

possible changes that may occur during that event.
Write your repon on separate sheets. A paragraph is sufficient for each of the questions.

River Unit Test
Name:
Describe (with diagrams to help explain your answer) the life cycle of a river and its
consequential ability to shape the land. Be sure to detail each stage of the river and
suggest what phenomena are occumng that explains the surrounding of terrain. Include
the four principle means of erosion as the major agents involved in sculpting the land.

The appropriate answer will demonstrate the chronological order of events and a clear
understanding of:
the movement of alluvial materials in water as an erosional, transporcational and
depositional agent
sources and tributaries

* vertical erosion
lateral erosion
meanders/oxbow
the base level

point bars
flood plains
levees

Along rile lije of p u r river, be srtre to provide the physical eletnents that cliaracterize a
joling, mntrrre, and old river.

TOPOGRAPHIC MAPS, COMPASS READING,
AND TRAVELING IN MOUNTAIN TERRAIN

Introduction
In this chapter, students explore the interpretation of topographic maps and how they
relare to understanding the earth's landforms. After learning how to decipher the
landforms and symbols viewed on maps, students are introduced to the use of maps and

compasses for travel in mountain terrain. Finally, students are asked to complete a Time
Control Plan (TCP) along a particular route to help prepare and predict what they can
expect, and how to react accordingly.

Topographic Map Reading
Organizational Framework
Students explore the interpretation of topographic maps and how they relate to
understanding the earth's landforms.

Objectives:
Identify landforms shaped by glaciers through topographic maps
Understand terrain by reading maps.
Travel through mountain landscape using topographical maps.

Curriculum:
Science 20, Unit I: The Changing Earth
Modelling the effects of glaciation.
Interpreting topographical features and drainage patterns in terms of past glaciation.

Materials:
Topographic landform drawings (Figures 113. 1 14. 1 15)
Journal and pencil

Time:
45 minutes

Location:
Any location is suitable for the activity, but here are some suggestions:

Emerald Lake Lodge

Takkakaw Fdls Parking Lot

Background
The surface of the earth can be a very difficult place to describe. The eye easily
recognizes flatlands, rivers. mountains and lakes. However, the same eye might have
trouble distinguishing the same land features on a map. Topographic maps serve the
purpose of interpreting a landmass using a 'bird's eye view', and they are important tools
towards understanding terrain and travelling in the field. By using topographic maps,
people can essentially predict exactly what lies ahead. behind and beside a particular path
of travel.

Topographic maps or topos assume that the view is from directly overhead. Waving
across the map are what looks like several distorted circles, interrupted by numbers that

count up and down. These are called contour lines. and they represent the elevation of
land above sea level. The numbers count in intervals along a measured scale. For

example. Figures 113 and 114 illustrate a point of land that has contour lines at a 200
metre interval. Lines that are spaced far apan indicate flatland - contour lines packed
tightly together indicate a steep slope, or cliff. Contour lines that cross a river are almost
always in the shape of a 'V' or 'U' and the closed end always points upstream. This is
because the stream is at a lower elevation than its banks, and in order for the line to cross
the river at the same height it must 'travel* upstream until the river's level is at the same
dtirude.

Instructions
1. Have your students examine Figures 1 13 - 1 14. and describe what that landmass in

Figure 113 might look like.
2. After they have interpreted Figure I 13 and 114. give them Figure I IS. How did their

landmass compare?

Figure 113: Overhead View of Contour Lines

Davidson and Rugge. 1983, p. 18.

Figure 114: Identifying the Upstream Flow

S - ~ h e Closed End

Always Points
Upstream
Davidson and Rugge. 1983, p. 18.
Figure 115: Side view of Contour Lines

Translated Into a
Side View ...

Davidson and Rugge, 1983, p. 25.

3. Using these diagrams as a base, have the students create their own small landform

using a topographic sketch and designate a contour interval.
4. Once they have completed the exercise, they can exchange their sketches with a

partner and see if they can decipher each other's landform.

Question:
Topographic maps are useful for indicating what you will not be able to hike, but
not so useful for what you can hike - why?

Answer:
While the topographic map can provide a big picture of what to expect, they cannot

give clues to the finer points. For example, while the contour lines may be at LOO f ~ t
intervals - the possibility of passing over two such contour lines cannot be guaranteed

until you are actually there. After all, a 40 foot cliff could be just as dangerous as a
100 foot one - it all depends on how the height is translated between the lines.

Question True or False:
Contour lines that cross a stream or river are almost always in the shape of a 'V' or a
-U'.

Answer:
True: Contour lines which cross a river or stream are almost always in the shape of a

'V' or 'U'- and the closed end aiways points upstream. This is because the stream is
at a lower elevation than its banks, and in order for the Line to cross the river at the
same height, it must 'travel' upstream until the river's level is at the same altitude.

5. Hand out Figure 1 16 (Topographic Problem) and ask the students to describe the land
formation on the map and suggest some of the difficulties that might be encountered
if you were travelling along the river by canoe in a downstream direction.
6. Go over the answen with the class using Figure 117.
7. Using the answen from Figure 119, develop your own questions. (discussions for

Figure 1 18 are on this page).
8. Hand out Figure 1 18 (Topographic Problem Il).
9. Go over answers with the class.
10. Hand out Figure 120 (Topographic Problem ID).

1 I. Go over answers with the class.

12. Try other related topographic maps of Yoho National Park to make your own

mapping exercise.

Figure 116: Topographic Problem I

TOPOGRAPHICAL PROBLEMS
Original drawing by Davidson and
Rugge, 1983 p. 23.
Understanding topographical maps (or

-

topos) is not difficult it is more an
exercise in common sense. However, it
requires a common sense that examines
all the features on the map. The map on

the left shows a section of river - perhaps
one you would like to explore by canoe
or kayak.
Scale: 1 :50 000, or 1.25 inches to the
mils.

I . Make sure you check the conrour
lines on each /?tap.

2. Describe the larld fonlzarion on the
lefi and some of the d~fficulriesyou
may encounter.

3. Answer the questions on the
following page.

Questions:

1.

In which direction is the river flowing, and how can you tell?

2. How high is the steep section of the bank on the right side of the river at Rapids I?

3. What is the elevation of the river at the bottom of the map?

4. Mark the contour lines and estimate the average drop in feet per mile for each of

them.

5. Give your estimates for the probability of paddling the rapids in a canoe or kayak.
(Assume you have moderate ability in whitewater and can handle most situations in

open boats).

6. If you think any rapids will require portaging (pick up the boat out of the water and

walk around the hazard), evaluate the terrain to see if one side seems better than the
other.

7. How many hours or days would you estimate (roughly) it would take to cover this
section of water?

Figure 117: Topographic Problem Answer
Answers

Original answers adapted from Davidson and
Rugge, 1983, p. 24.
1.

The river runs from the top of the map toward
the bottom. Remember that the contour lines
which cross a river are almost always in the

shape of a U or V - and the closed end always
points upstream.
2. The steepest part of ~ 9 bank
e
rises about 500

feet before the gradient eases off.
3. The 750 foot contour line crosses the river just
at the bottom of the map.
4. Arrows mark the three contour lines which

cross the river. There is a drop of over 50 feet
per mile between the first two and a little over

25 between the second and the third.
5. Considering the large drop in elevation
between the rapids 1 and 2, you could assume
these would be impassable. The second set in particular is likely a collection of

violent ledges, drops and falls. The gradient between rapids 3.4, and 5 is not so steep

- so there is a possibiIity to pass through those. Although, rapid 5 might be worth
further consideration because the flow narrows so much. This is a classic example
that maps can definitely reveal difficult sections. but there are no guarantees.

6. You would likely portage rapids 1, 2 and possibly 5. If you were to portage anywhere
along this stretch avoiding the right riverbank because of its steepness is an obvious
choice - unless there is room along the river's edge.
7. The trip would likely take about 7 hours.

Figure 118: Topographic Problem I1

Contour Interval: 50 feet
Scale: 125 Inches to the mile

Questions:
I . Describe what could be found at points A and

B?
2. How does one riverbank differ from the
other?

Original drawing by Davidson and Rugge, 1983, p. 2 1.

Figure 119: Answers for Topographic Problem I1

Answers
Original answers adapted from Davidson and Rugge,
1983, p. 2 1Figure 119 illusuates how important it is to decipher
landforms with topographic maps. Understanding the
lay of the land before arrival provides better confidence
and preparedness for any eventuality.
Contour: 50 feet
Scale: 1.25 inches to the mile
With contour intervals of 50 feet, there is a drop in the
first mile of approximately 50 feet. A significant
gradient, but even more significant when you consider
that the only rapids noted on this stretch are in the first
third of the mile! Thus the river could drop most of its
50 feet at the rate of 50 feet for a third of a mile - or 150
feet per mile! You can assume that section will be
impossible to paddle.
Another thing to bear in mind is to consider rapids that
may not be necessarily marked on the map. High water
conditions could change the shape of the river greatly particularly with a steep gradient.

Original drawing by Davidson and Rugge, 1983, p. 2 1.

Consider the narrowing of the river at point A, such channels almost always mean a
bottleneck and violent flow of white water. Point B also might have the same potential.

From a spectators point of view, the last half mile of the tributary flowing off to the left
might be worthwhile for a look as it appears to drop an amazing 200 feet through a

narrow gap.

Figure 120: Topographic Problem 111

Scale: 150 000
(Inch to 114 mile)

Contour Interval:
50 feet

2. What is the elevation at the top of the first set of

3. The river divides in two at the top of the map.
which sidr would you take and why?
4. Which sidr o f the falls would you carry around

5 . What can you guess about the other rapids?
6. What about the rapids just after the two

sections of the river unite? (A)
7. What side of the next falls would you
carny and why?
(

Y

351

I'/

8. Indicate whish sets of B through G
would be carried.

9. Estimate the time required to cover this
10. What i s the elevation of the river at the
bottom o f the map?

Original drawing and questions adapted
from Davidson and Rugge. 1983. p. 26.

Answers for Topographic Problem I11
1. The flow is from the top of the page to the bottom.

2. 1650 feet.
3. Travel around the south passage of the island. Both sides show a wild drop of 100

feet in a mile - you will likely portage. Which side? Both sides show a falls midway;
and the Northern Branch has some npids before that. With such a steep drop - these
rapids would be unpassable.
4. The southern branch shows no rapids before the falls. Not easy to determine if you

have the possibility of accessing the water from the top of the island. There is no

guarantee of calm water, but the drop is likely from one set of waterfalls and therefore
makes less distance to carry around.
5. This is in a bit of a gorge that has rapids for approximately a mile long - it might be

possible to paddle as the gradient lessens to 15 feet per mile, but you cannot be
certain.
6. 40 feet per mile - possible to run.
7. Portage to the left; it drops LOO feet per mile and there is no way that it can be

paddled.
8. B through C would be difficult if not impossible to paddle. There is a river and

waterfall corning in from the left and lower down is a creek from a lake on the right
hand side. With an increase in water volume, and a narrowing canyon, it does not

appear to be very calm. It might be possible to paddle Dlas the gradient is not very
high, and the rapids appear to be spaced apart nicely - however the canyon does

narrow and therefore accelerates the flow. The rapids at E should be manageable, but

immediately below them is a sharp bend that narrows and this could include log jams
and fast current. Beyond that, the rapids should be wide and quite navigable.
9. Approximately 8 to 10 hours

10. 1400 feet

Map Reading and Orienteering

Organizational Framework

In this pre-field exercise, students determine their location on a topographic map and
follow a bearing along a path of travel. By understanding these concepts, they can answer
the questions; where are we, and how do we get to where we want to go?

Objectives:
Understand the use of a compass
Perform the addition and subtraction of angles, determine a linear location, taking a
bearing, and factoring in declination into those measurements

Recognize safe routefinding through mountain terrain
Appreciate our place on the Earth, the immensity of Earth. and have an understanding

of how to identity and position ourselves.

Curriculum:
Geography 20
Acquire facility in the use of the geographic mode of inquiry and skills such as:
Reading and interpretation of topographic maps and pictures
Field work processes of observation

Materials:
Relevant topographical maps (see list below)
Compass

Pencil
Ruler
Journal
Appropriate personal gear for hiking in the mountain environment
A Time Control Plan (attached on following pages)

Resources:
The Freedom of the Hills (1992). The Mountaineers.
A Handbook ofthe Canadian Rockies (1995). Ben Gadd (pp. 777 - 780).

The Day the Universe Changed (a David Burke film).

Prior to field study teachers and students may refer to this film as an understanding of
modem navigation and its origin during the Italian Renaissance.
Topomaps

82N/lMountGoodsir

82 N/8 Lake Louise

82 N/2 McMurdo

82 Ni9 Hector Lake

82 N/7 Golden

82 N/10 Blaeberry River

Time:

One class for preparatory exercises and an afternoon of hiking through mountain
landscape using mapping techniques.
Location:
Any hilung or walking trail.

Background
Maps
Maps are modeIs of the physical characteristics of an area where the actual features are
represented on a plane using a form of scale. A sound understanding of how to read
symbols for distance, direction, landmarks and topography is critical when dealing with
travel in mountainous terrain. Furthermore, man's impact on the landscape and
environment is easily identified from maps and collecting data. Field trips to such a
region can reorganize perceptions from symbols into actualities.
Compass

The compass is one of those things that is brought on a clear day and likeiy will not be
used, but in the event of encountering difficult terrain or inclement weather it is

invaluable. Even though many people feel intimidated by the so-cailed 'magic' needed to
understand one, a compass is little more than a magnetized needle that responds to the
earth's magnetic field. Once the compass is placed on a flat surface, the needle will
automatically align itself to the earth's naturally occumng magnetism and will point to
the location of magnetic North. Most maps are orientated to a differer.: point on the

earth, the geographic Nonh Pole (or True Nonh). This difference between the direction
to True North and the direction to Magnetic North, measured in degrees, is called
magnetic declination. The degree of variance in declination varies with your location in

relation to your being east or west of the point of zero declination. A simple compass
adjustment and equation is necessary to compensate for this fact-

Bearing:
The easy answer to 'what is a bearing?' is that there are 360 of them that extend from a

compass. Essentially, wherever you walk on the earth's surface. you are travelling along
an invisible line that extends off in a direction from the North Pole or 0 degrees. The
bearing is that measurement expressed in a number of degrees from 0.

Instructions
I. Prior to the field study discuss the significance of perspective. and what it means for

humans to identity their place on Earth. For example. the only way sophisticated war
planes, battle ships and 'smart missiles' are able to function is that they know exactly
where they are on the surface of the planet. If possible, view the film The Day rite
Universe Changed by David Burke.

Questions:

What is represented by a position on a map?
How can we determine cxactly where we are?
Why is it important to know these things?
2. Review the activity and exercises from the Topograplric Map Reading Lesson to help

students determine the location of geographic features for aid in navigation. Use
Figures 112, 113, and 114 to demonstrate how to read a topographic map.
Afterwards, have students complete the problems in Figures 115.1 17 and 1 19. Once
they have completed these preliminary exercises, have them obtain a map to prepare
and complete a Time Control Plan (TCP) for a day's excursion into the mountains. A

sample (Table KII) is provided on the following page. Having a TCP is a worthwhile
exercise for students to familiarize themselves with the environment without being
there. The TCP can be re-evaluated upon arrival relative to environmental and

logistical conditions. Teachers may wish to also refer to the Freedom of the Hills (pp.
66-69) for additional explanations on orienteering and trip preparation.

3. An extension of incorporating the TCP might include dividing the hike into several
sections - by assigning each group to lead one part. Each group will be responsible
for providing a TCP that would record weather conditions. planned route, compass
direction (direction of travel), elevation gain, expected hazards, estimated time of
arrival, and any other special considerations during the hike. Recording and
interpreting fundamental geographic skills in the field in relation to their own
movement through wilderness is a valuable exercise. Any observations and
information derived from this activity is a classic example of integrating general
concepts acquired in the classroom, with specific knowledge acquired in the field.
4. In the Field

It is preferable to select a hike that offers views suitable for conducting these
exercises. One possible suggestion is the Iceline Trail in Yoho National Park or a
portion of it. The entire distance is 22 km with an elevation gain of 695 rn,and it

would make a long day as a 5-6 hour loop. This trail offers many land features to
identify in addition to inspiring views of the Yoho valley. If the entire class is not
capable of participating in the hike, this exercise can be done at any Iocation that
offers a view of several peaks.
5.

At various points along the hike ask if the students can recognize where they are

without iooking at a map. Can they determine:
North, South, East, West?
How far to the nearest town?
How far from where they started?

In which direction did they travel to get there?
What skills can they use to determine their location and their intended point of
travel?

Explorers used maps, compass. and mathematics to solve these questions using
everything from speed, angle of slope, and time.
6. Have the students exasnine a map of the area and ask:

What is meant by a contour line?
What is the elevation at the highest point on this map?
How many Kilometres of road are shown on this map?

In what direction does (name a river) flow?
What is the ma..imum elevation at peak (give a U r n co-ordinate for example).
(A UTM co-ordinate is simply a method of reference to the nearest 100 metres. It

is explained on the right hand side of any standard topographic map from the
Federal Department of Energy, Mines and Resources. (see Hartdbook of the
Canadian Rockies. p. 779 for a full explanation).

What special feature is there at (give UTM co-ordinate)
Along the trail, stop and have the students refer to the topographic map of the region,
and copy a version of it into their journals. Allow students to use compasses and

determine exactly what a bearing is to a particular feature. This is done by holding

the compass flat and pointing the front of it towards the desired target. Turn the
compass dial so the red arrow on the face lines up with the needle. Read the number
that is now in line with your target and that is the bearing. Encourage students to
'shoot' bearings of surrounding peaks to determine where they lie along the map in
relation to the feature measured. Have them mark them in their journals.
8. Demonstrate the process of triangulation. This is done by taking three different
bearings from any features that are easily recognizable (a lake or a peak). Draw the
bearings and trace them onto a map. Where all three lines intersect is where you are
standing. Have the students try the exercise on their own. Indicate to them that they
should triangulate and record their position three more times at any location of their
choice along the hike.

9. While students are moving along the mil. have them record their observations of the

surrounding area. Encourage reflections. sketches, photographs, descriptions, free
writing (poems) and whatever else the students want to record their passing through
the region. These processes and techniques are similar to those used by early
explorers such as Sir Sanford Fleming, James Hector, Tom Wilson and Jean Habel
(Habel was the first European to discover the Yoho valley and Takakkaw falls).
While enduring the hardships of exploring the new territory these men recorded their
thoughts and discoveries in descriptive prose. For example, a famous climber James
Outram once described Tdcakkaw Falls as a:
"... stupendous col~rrrlnof pure

white sparkling u0ater,broken by
jets descending rocket-like and wreathed in volrirned spray,
dashes upon tlre rocks al~rtosta thoitsand feet below...." (Beers,
1989, p. 86)

10. Select any high point along the trail and ask the following questions for discussion:

What weather conditions do you see?
Describe the scene; flat. hilly. sloping or angular
Name the features; creek, town, road, lake, river. faults, valleys, peaks. glaciers.

Where is north, south, east and west?
What is man - made that car1 be seen?
What is natural?

What vegetation do you see. what influences it, does it differ in various areas?
What is the highest point you see?
What is the lowest point?
Where does the creeWriver flow?
How does the terrain influence the land?

TABLE 111: TIME CONTROL PLAN

LEADERS:

GROUP XfEbIBERS:

TOTAL # LY PARTY:
CURREhT LOC-ATION: (BE AS SPECIFIC AS POSSIBLE)

DESTLI;.ATION: (BE AS SPECIFIC A!!i POSSIBLE)
EXISTLVG WEATHER COhDITIOSS:

ESTLMATED DISTASCE Ih'ICI.1:
TOTAL ELEVATION GALWOSS:
POTE3TLAL tiAZARDSMLNDRLVCE!!i TO I'UVEL:

BREAKS/REST STOPS

SITE

TIME STAY

FOCUS

B E W ' I ' C (FROSI PREVIOUS SITE)

GESERAL ROLXE DESCRIPTIOK:
(1SCLL.DE GESERAL DIRECTION OF TRAVEL, SIUOR FEATURES PASSED. DDTICOLTIES, ETC.)

ESTDIATED TIME OF DEPARTURE:
ESTL%IATEDTnIE OF ARRIVAL:

TOTAL T I M E ON THE TRAIL:
OTHER XOTES:

CHAPTER 8

HISTORICAL AWARENESS: THE NAMES OF YOHO

Introduction
In this exercise, students explore the origins of the names of Yoho National Park.
Considering the names of the various rock and mountain formations that they have
already identified in geologic terms, students ask the question; where do the names for
these features originate?

Historical Awareness: The Names of Yoho
Organizational Framework
Objectives:
Utilize skills such as mapping, basic orientation, retention of historical values.
Appreciation of the history of Yoho and the people who contributed to its exploration.
Ask why do we need to name geographic points after people or things? What does it

mean to have something named after you?
Discuss the historical significance of the names and why they were used.

Curriculum:
Western Canada History 20
Content topic 2: Indian Pioneers
Content topic 7: The Canadian Pacific Railway
Content topic 8: Responsible Government and Provincial Autonomy

Canadian History 20
Content topic 4: Nation Building 1867 - 1896

Materials:
JournaVpencil
Compass
Appropriate personal gear for hiking in the mountain environment
Topographic maps (as indicated on resource list)

Resources:
The Wonder of Yoho ( 1989). Don Beers.
Place Names of rhe Canadian Alps (1990). Boles, Laurilla & Putnarn.
Central Rockies Place Nantes (1997). Mike Potter.
Depending on the area where the students are traveling, any or all of the following
topographic maps may be necessary. These can be purchased from the Friends of Banff
National Park, at the Banff Information Centre, or the Yoho Information Centre in the
town of Field.

Topographic maps

82 N/l Mount Goodsir

82 N/8 Lake Louise

82 N12 McMurdo

82 N/9 Hector Lake

82 N/7 Golden

82 NllO Blaeberry River

Background
History does not have to recount a series of events on the linear timeline - history can be
lived. "It becomes obvious that skills and content must be presented in a context that is

familiar to the learner." (Caine & Caine, 1991, p. v) Teachers must generate strategies
that exercise curriculum in context, using activities that stimulate the body as well as the
brain. A hike in Yoho while mapping and learning about the history of place names can
achieve this aim.
Allowing students the opportunity to engage in the contemplative phase by drawing from
their own experiences can recover the participative mode in History education.
Furthermore, encouraging some form of attachment to the material translates the essential
elements of autobiographical, local, and particular perspective required to understand
History. History, from this field based curriculum perspective, must not be seen as a
series of events to be memorized - but rather as an opportunity to inform the present and
provide access to the future. Students ought to be encouraged as William F. Pinar
suggested to enter the past, live in it, but not necessarily fall victim to it.
Humans usually name things in honor of someone or something and usually that place
reflects a greater notion of an achievement or sacrifice. After investigating some of these
name origins, students may discover that sometimes knowing the history of the
formations can be as interesting as explaining it scientific terms.

Instructions
1. Ask general questions - can students name a person, place or thing with a specific

name. (i.e. Mount Everest, Alberta, Calgary Flames) where did these come from?
Why is it important for humans to give names to things? Should they? Is it

appropriate to honour someone or something by naming a mountain or river after
them? Typically narnes reflect identity, a history, or perhaps an entire story. Giving

narnes to geographic points also makes it easier to locate and interpret a map.
References to people might provide added character to the region as the name could
be reflective of another period in history.

2. Select a trail for a hike (preferably one with a wide range of views). A possible
suggestion might be Burgess Pass with a distance of 6.6 km and an elevation gain of
930m (Allow 2hr 25 rnin one way). Another possibility might be the neighboring

Lake O'Hara area - hike up the Cataract Valley Trail, walk or ski the fire road, or ride
the Lodge Bus (phone for reservations: 250-343-6324).
3. Divide the students into groups of four, each with their own copy of the topographic

map of the region they are hiking in.
4. As the group travels along, select a geologic feature (a mountain peak, ridge, pass, or

river) and have the students work together to locate it on the topographic map.
5. After they have correctly identified the feature, they should begin to create their own

group map of the area and add other features as they are pointed out.
6. Discuss the histonal significance of the period, (railway expansion, Canada

becoming a nation) what is the origin of that name and how has it survived history?

Here are some examples of narnes of prominent features in Yoho:
Yoho: ( 1886). A Cree Indian word for the exclamation of astonishment and was applied
by Cornelius Van Home (CEO of railway during the 'National Dream') because of the

impressiveness of nearby Takkakaw Falls.

Takkakaw Falls: (1897). Van Home named it after inquiring about what the local
(Stoney Indian) word was for 'magnificent'.

Burgess Pass: (1886). Klotz gave this name after his superior officer Alexander
Maclunnon Burgess, deputy minister of the interior, who later became Commissioner of
Public Lands for Canada in 1897.

Emerald Lake: (1885). Named by the Canadian Pacific Railway (CPR) because of the
striking green colour of the lake.

Mount Carnarvon: (1900). Named by Burgess in honour of Henry Howard Molyneux
Herbert ( 183 1- 1890), 4h Earl of Camamon who had been the parliamentary author of the
British North American Act of 1867 that initiated the process of self-determination for

Canada.

Mount Marpole: ( 1901). Named after R. Marpole, general executive superintendent,

CPR

The President: ( 1907). The Alpine club of Canada wished to honour the leadership of
the CPR which had been so instrumental in assisting the organization with its first annual

camp.

Lake Oesa: This is the Stoney name for 'ice'.

Kicking Horse River: (1858). Dr. Hector (surgeon and geologist from Palliser
Expedition) was kicked by a reluctant packhorse when his party was exploring this

narrow valley. The blow apparently rendered him senseless for some time.

Field: ( 1883). Railway tycoon Cornelius Van Home was shon on funding for pushing
the construction of the CPR through the mountains. He turned to Cyrus West Field (18 19

-

1896)' promoter of the first Atlantic cable, for funding. As an inducement for

investment, Van Home named the place after his guest. Field, however, refused the baitiMt Stephen: George Stephen (1829 - 1921) was the Scottish-born financier who played

a major role in the construction of the CPR.

Mt. blichael: Arthur Michael (1853 - 1942) was a Harvard professor and active member
of the American Mountaineering Club (AMC). He was a member of the first parties to
ascend Mt. Victoria and Mt. Lefroy.

Mt. Wapta: Wapta is the Stoney word for 'river'.

CHAPTER 9

THE ADAPTATION RELAY RACE

Introduction
This short chapter is intended as a stimulating physical education class to help illustrate
how species that are best designed for their environment tend to be the most successful.
This activity could also be used to demonstrate how ecological niches are filled with

species that are adapted for certain environments - and how different body plans in nature
came to be as a result of adapting to a particular set of conditions. This concept is as m e
today as it was during the time of the Burgess Shale fauna.

The Adaptation Relay Race

Organizational Framework
In this activity students will have the opportunity to appreciate how the body plan of an
animal helps it survive in a particular environment.

Objectives:
By actively demonstrating different methods of locomotion, students understand how
the bodies of various fauna are designed
Understand how body plans have a direct effect on a species ability to survive in a
specific environment.

Curriculum:
Science 20
Unit I: The Changing Earth, Concept ID.
The fossil record indicates that the environment and life forms on Earth have
undergone a sequence of change over more than 3.5 billion years.
Unit U: Changes in Living Systems, Concept IV.
Ecosystems often change over time.
Unit II: Changes in Living Systems, Concept V.
Organisms are adapted to their environment.

Physical Education 20
Components of physical activity.

Materials:
Depends on individual creativity of students and how they model themselves after
Burgess Shale fauna.

Resources:
The Fossils of t l ~ eBrirgess Shale (1994). Briggs, Erwin & Collier.

Refer to the Fallibility of Science (Chapter 3) lesson for examples of Burgess Shale
fauna such as Halfucigenia,Opabinia and Anomalocaris (Figures: 14,15, 16).

Time:
25 minutes

Location:
Any location is suitable for this activity, but it is likely most useful when you need to
get the student's blood flowing (such as after a long bus trip).

Background
The physical structure of some Burgess Shale creatures was truly amazing. Opabinia, for
example, had five eyes and a long appendage called a proboscis that extended from its
head. Anornolacaris (at 50 cm one of the giants of the Cambrian seas) had two shrimp
like claws that grasped prey and pulled it to a pineapple ring-shaped mouth. ffallucigenk

moved across the sea floor using pairs of tube-like legs while on its back there were pairs
of spines to protect it from predators. All the Burgess Shale creatures, not unlike all the
Earth's present day flora and fauna, filled an ecological niche and were specifically
adapted to suwive in their aquatic environment.
The period when these fossils lived (530 - 505 million years ago) is known as the
'Cambrian Explosion' because so many sophisticated new body plans appeared from a
relatively simple blueprint in a short period of geologic time. Author and paleontologist
Stephen J. Gould describes this time in his book Wonderfir1 Lije as "the Burgess motor of
invention." (p. 63)

Consider for a moment the relatively simple body structure of the Burgess Shale's
predecessors - trilobites. There were several different species of these simple creatures
with predominately the same body plan. Now look through the artistic and
paleontological drawings in Briggs, Erwin, and Collier's 1994 book Fossils of ~/ze
Burgess Slzale. Several questions beg to be answered in recognizing the dramatic change

in the way life appears: how did this happen, why did this happen, where did these
designs go and what present day fauna owe their lineage to the Burgess Shale? These are
questions that are difficult to answer and they may forever remain a mystery. Perhaps it
is as Jeff Goldblume's character in the movie Jurassic Park suggests: "Nature abhors a
vacuum - and she always finds a way." The Burgess Shale fossils demonstrate tangible

proof that Nature found some remarkable ways of creating new life in an environment
that offered the opportunity for change.
Flukes, fins, paddles, spines, whip-like tails, jointed legs and elephant shaped trunks are
some of the different appendages that were tried and tested during the 'Cambrian

Explosion'. Some experiments failed, some succeeded. Everyday beneath the warm
Cambrian waters, these fauna lurked in the depths of an action packed world of chase and

escape, ambush and invasion. The very survival of each of the Burgess creatures
depended on their ability to successfully use their adaptations.

Instructions
1. Delineate a playing field for the Adaptation Relay Race (Figure 121).

Figure 121: Layout of Teams for Relay Race

F& pair &om each team
runs across field and tags
second team. Pain continue
to tag each other until entire
team has run the ileld using
their body plan.

of eight. Split the groups of eight
0.
00
00
0-

20 metres

individually in order that four
students are on each side of the
playing field (see Figure 12 1).

--

60 metres

2. Divide the students into teams

00
00

Two students will run from one

end of the field alternatively and tag their other two team members on the opposite side of

the playing fieId. If you have more or less than a class divisible by four some members of
a team may have to run twice.
3. Each side of the field should have a pair of two teams each.
4. Assign your teams an adaptation:

Method I:
Collect an assortment of flippers, shoes, masks, snorkels, blankets, long rubber noses,
hockey gloves; anything to demonstrate a body plan of one of the Burgess Shale
fauna.

Method II:
Construct a body plan by joining two group members together. Link their arms or
legs, face to face, back to back or back to front. Have them walk, run, crawl or gdlop
using their body plan.

5. Using either adaptation method, have the first pair race across the field in their new
body plan to the second pair on the opposite side. They are to tag this second pair and
stop, and the tagged pair runs back to the opposite side (using the same body plan)
and tags the third pair. The third pair runs back to tag the fourth and final pair who
finishes the relay. Each team should travel consistently from one side of the field to
other in the exact same body plan.
6. Declare the winner and disqualify those teams who do not use a consistent body plan

and method of Iocomotion during the relay.

Note:
The method of travel or physical adaptation must be the same for each pair in a team.
Questions:
Who won and why?
Who found it difficult traveling in this environment using those adaptations?
If the race was to obtain a source of food that all the teams required, who would
consistently stay fed?

If you lived in an environment where there was food available, would the creature
with the best body plan for speed gather the most food? How would a creature with
several eyes and several appendages to gather food fare in comparison to other body
plans?

CHAPTER 10

CONCLUSION

When Henry David Thoreau chronicled his time at Walden Pond (1853) he described the
endeavor as a "laboratory for observation and experimentation; a library of data about
geology, history, flora, fauna; a source of inspiration and renewal." (p. 12) Throughout
his writing there is a recurring theme that suggests a transformation and an awakening.
Thoreau's experience at Walden Pond was more than a classroom for learning, here he
discovered the many things that humans desire: balance, order and sustenance. In effect,
Thoreau found a tremendous familiarity in the natural systems that he observed - he saw
himself. This profound experience reconnected him to where he, indeed all of us,
originated from. Thoreau's time at this place was a period of self-discovery.
This work attempted to provide a series of possibilities for students to reconnect with
something that ought to be familiar to all of us: the Earth. For me, the Burgess Shale
fossils and its environs served as the conduit for recognizing the beauty and diversity of
Earth's history. Perhaps, through understanding a story that includes all of us
somewhere, students can develop a sense of stewardship and care for the existence of all
life in perpetuity. Can the thoughts and attitudes developed in exploring the Burgess
Shale influence the decisions students make about preserving our current biosphere? I

hope so.
Grasping our place in the grand scheme of the Earth's entire history can help us work
towards understanding just how small our part has been in a story that began so long ago.
For this to occur, students need to seek identity in a geologic context. For example,

consider how author Charles Taylor defines identity: "It is who we are, and where we are
corning from." (Taylor, 1995, p. 34) This work strives for a reawakening within a larger
perspective of moral, historical and scientific consciousness to foster interconnectedness
and identity. With this recognition, a foundation can be built to adopt principles of living
rvitlz the Earth as opposed to from the Earth. Such co-dependency and symbiotic theories

can only be achieved once we have discovered ourselves. In examining the Burgess

Shale and its environment in the surrounding region, we can see ourselves - where we
have been, and in which direction we should head.

The Earth's pulse is the nature that thrives upon it, and investigating the origins and
processes of this pulse is Earth Science. Nature, as we know it today or during the

Cambrian Period,
"...has a peculiar power to stimulate us to reflectiveness by its
awesomeness and grandeur, its complexity, the unfamiliarity of
untrammeled ecosystem to urban residents, and the absence of
distractions ... these marvels are intriguing, but their appeal is not merely
aesthetic. Nature is also a successful model of many things that humans
seek: continuity, stability and sustenance, adaptation, sustained
productivity, diversity, and evolutionary change." (Sax, 1980, p. 46)

In summary, strategies in teaching an Earth Science curriculum must be structured to
actively engage students in exploring the Earth and its Nature. Field-based studies on
earthly treasures such as the Burgess Shale demonstrate the potential to accomplish this
end. This work is one method among infinite other possibilities available to educators
that engage students in learning the values and skills necessary to become reflective
practitioners of the planet's environment.
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