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the mineralogy of the following non-silicates:

— magnetite

— pyrite
— calcite and aragonite

" — halite
— diamond and graphite

b.
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PART | —PURPOSE OF THE COURSE . ' - - .~

Historians of science, notably T.S. Kuhn, have suggested that major scientific discoveries frequently -

occur as slow metamorphoses rather than unique events. Such a slow metamorphosis is presently
responsible for an entirelx' new way gj viewing our earth, its processes and its history.

. Kuhn (1970) desoribes the maturation of a science as tangential groups of stuqies.deing united by a
: A" major theory which is consistent with a large body of observations.. Copemican astronomy,
", Newtonian physics and Lavoisier's oxygen theory of combustion are some excellent examples of

‘ revolutionary theories that h e“em'erged in response to a breakdown in the ability of previously held . ,
. beliefs to explain a growiggdody of observations. It is the appearancé of such new theories, termed o
/. paradigms by Kuhn, whitigillowsithe ¢orrelation, integration and ‘explanation of observed puzzles

< and anomalous data, thi lowing science tp pragress to the point where a new paradigm becomes
. necessary. v L S N R

1 .
Suaeh a point was reached in the earth sciences in the late 1950's. Maps and oceanographic,charts
produced fot nuclear submarines began to.show that the seventy percent of Zhe earth’'s surface
whith lay below the oceans was not the flat. uncomplicated place that it was once thought to be. .
‘'Vast mountain ranges and deep. trenches were among the-most impressivé structures of a
topography quite unlike anything observed on the’land surface of the earth. P.J. Coney (1970) states
that perhaps the most startling dis¢overy resulting.from the explosion in oceanographic research
has been the fact that the OCEANIC RISE is one of the major features of our planet. It is a system of
adjoining rifts, which circles the globe like the seams on a baseball. Such major features of dur
earth demand an explanation and the emergence of«thé. plate tectonic theory of continental drift has
precipitated a major scientific revolution. Canadian géologist J. Tuzo Wilson (1971) states that: \

e

. The acceptance of continental drift has transformed the earth sciences from a gloup of .
rather unimaginative studies based on pedestrian interpretations of. natural
4 phenomena into a unified science that is exeiting and dynamic and that holds out the
‘promise of great practical advances for the future . .. N g

N

L Geolog§'12 and éarth Science 11 are intended .to proﬁid_e secondary school students with the
“ v background and the desire to investigate their earth, its materials and its processes. -

References Cited: T A S )

1. Conmey. Petet J., 1970. The Geotectonic Cycle and“the Ne;u Global Tectonics: Geological Society of
America Bulletin, Vol. 81. pp. 739-747. ) c . :
-iaT e "Kuhn, TS, 1970, The Struclu-r.e of Scientific Rgvolutiong, (Second Ed., enlarged), University of -
‘Chicago Press. C
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PART I~ THE SCIENCE OF GEOLOGY : « , L t :

. Geology, the science of the earth is concerned with the systematic study of rocks and mlnerals. in ' o
which there is preserved the history of the planet earth. The geologlé record shows that, processes * .
have long been at-work. on the surface of the earth and deep within it. - o

The sctences of geology and astronomy have made and contmue to make contrlbutions to out’ - B
- knowledge about the earth’'s origin.and place in.the solar system; In attemptlng to understahd‘ the
earth’s dynamic evolution, geology makes use of physics and chemistry: andl in its inqulry in‘to the
origin and evolatipn of lite, it embraces biology and contributes to the. understanding of ancient
geography. In short, geology (and science) must use every available tool in the dlfficult task of un-
derstanding the planet on which we live.
, 3
Investlgatlons of the physical propenues and mternal processes are called geophysics. The etudy of
the meaning and implications of the fossil record js termed paleontology. Aspects of geology that
deal with chemical processes are referred to as geochemistry. But geology has powerful tools'of-lits‘ .
own, especially geologic mapping and its application to the exploration of minerai r,esoui'ces. »

Geologic information is derived from the accurate. and systematic study of rocks .and minerals; souls‘
and fossils which provide all the ingredients for observation, measurement and anai.yslg Further the
study of diverse forms of the land surface and the sea floors, and of the varioys processes that v
produce and _change them is a vutal part of the sciences of geology. physncal geography and . ,
oeeanography e .

ar

PART Hll — FOCUS OF GEQX

v "
: A
‘Geology 12 should provide an Wgpes#nity fo Y T
+« terestwas stimulated by earlier study of earth sc e. It is intendéd'as an academlc sciance course R
requiring as a prerequnsrte a background in science and mathematics. Earth Smenge 11 |s a ot
desirable prerequisite to Geology 12. .
The following guide outlines a core program. Local geology is intended as a major course theme in - .

_addition to and integrated with this core outline. It is estimated that a study of local geology will
comprise approximately 25% of the course, Broader themes should stress«he geology of British
Columbia, Canada. and North America. Plate tectonic/cortinental drift theory will be utilized as a
.general unifying theory. As well. consideration will be given to the earth as a planetary body in
relation to the geology of members of the inner solar system. It is desirable that reference be made
to the Earth Science 11 currlcuium guide, Section B (Geologic Science) and Section D (Resource
*Sciences).

»

PART IV — MAJOR GOALS

1. To providk students with the-desire and foundation to |nvest|gate their earth, its™ :
processes as well &s to illustrate fundamental geological concepts t gh studueé f local and}
regional geology. 3 . ’ /

Y

4 To en00urage thg study- of geotogy as an aesthetic science as weII?

a* iie-llo'ng avocati

) 3. To focus the students attentton on the most important concep il

SCIGHCGS
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LI 6 To dlecues critically the gedloglcal evolution ot Western Canada. l .

L T To examine the important relationshlp Aetween economic envlronmental and geological con-
4 siderations of non- réndWable mineral and fossil fuel, resources.

8. To understand the. hazardq assoclafed with livrng in a land prone to landslides, earthquakel, o
‘floods, etc. * - :

P18
[ 3 .
d. "To'enahble the’ eguden\ to dtscuss the origin of the planet Earth in terms of*its place in the solar
' .v---syst‘em Ty ' '
b =t ! - ! ‘ , ‘e
Qe pAnz V' — TERMS AND ogrmmous ’ ,
Textbopks: : . - ' o

P

A. sublect with a scope as broad as physrcal and historical geology cahnot be adequately covered in

.- .. - single textbook, so teachers have been presented with a choicé of text and reference material. It is

. . recommended that’ teachers select texts from the lists proyided in suth manner as to-best ‘sup-
plen't‘ent each o? the majer areas oh tudy (Seé list of Textbdoks in -the ppendp( of this Guidse.) v

Equipment and ‘Supplles: L T o ,

A comprehenslve list of .equipment-and supplies has been provided in order to allow for variations

from school to school. THe list contains all the materials nmecessary for completiort of the in-
) vestlgatld‘hs in each 'phase of the course; however many supply items-such as beakers or certain
.. chemicals may.already be present in a school in sufficient quantity. .

. other Aids: : '

Thpre are many excellent films, film strips. slide sets and transparencies available and as many as
possible have been listed. Because of the specialized nature of this course, teachers are en-
. couraged to develop their own sets of slides of local geological features.

14

.‘-_ ,nesourqo Material: , '

e
.
4

T ’ReSource material is included in this Guide for each section of the course. Teachers and students
B d,select the Activities and Investigations considered most suitable for the class it Is not in-

It is lntended*that approxlmately 70 to 75% of the time for Geology 12 be devoted to adequate
age of the core topics. (See suggested time allotments per section below.) Alt learning out-
considered essential to the understanding of Geology 12 are indicated-with an asterisk ( * ).

A}

W




' i
. i, A
Schelarehip Exam:
it will be possible for students to write a scholarship examination in Geology 12. All scholarship oah- N
, . didates shouid have studied the complete program as outtined, with particular emphasis on the core: . * .
material. _ . t ) c ) . , o i
‘Suggested Time Allotments: | | ' o
L , Core Total I » ' . S
$éction A ' 40% - 50% ‘ IR
Section B . 20% © 40% ' . D '
Section C 5% 5% ' \ ‘ o T
Section D 5% 5% L Co . Yoo
70%  100% | ’
b d [] .
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o .“.r I.\.BARNING OUTCOMES AND SUGGEQTED ACTIVITIEQ
R """ Eanh Materlais . ‘ . ';g '
iy - Earth Processes — Surface ' ‘ .
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Yo o.: Structural Geology TN :
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’ Teacher Resource Materml is indicated by number in the parentheses fallowmg most Learmng

. Outtomes. Details regarding references, activities and investigations follow the respective sec-

| ',‘dmrehon of -the. teacher)

-
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| . ‘tious of the Geology 12 course.. (These are suggested actw:tzes anly and muy be used at the
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.EARTH MATERIALS

The study of earth materials includes consideration of important rocks and minerals. As such, |t
forms as integral part of the study of local geology and related industries. This study provides a briet
introduction to such disciplines within the geologlcal sciences as MINERALOGY, PETROLOGY and :
CRYSTAL CHEMISTRY . —

~

LEARNING QUTCOMES . : [ e ‘

Part | — Introduction to Rocks and Minerals -
The student should be able to:
* 1. Recognize the importance. and abundance of various elements in the earth’s crust.

]

(Reference #1, 2) N

* 2. Differentiate between rocks and mnerals.

(Activity #1, 2)

* 3. Deséribe the formation of igneous, sedimentary and metamorphic rocks; classify rocks as igneous,
sedimentary or metamorphic.

-
’

(Activity #1, 2)- N

* 4. lnterpret a rock cycle diagram. .
i &
(Activity #1) | : ‘ " f';- .

* 5. Study crystal growth and:

a. distinguish a single crystal from an aggregate.
recognize the law of constancy of intertacial angles.

explain the factors governing crystal growth and relate these factors to textures of
igneous rocks. .

(Activity #2)

R

L
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References .
1. AGI, Geology and Earth Sciences Sourcebook, 1970, pp. 1-4

_ 2. Gilluly, et al., Principles of, Geology, 1975, Chapter 3. (Materlals of the Earth — minerals and mat-
ter.)

3. James J. Robert, Geology and the New Global Tectonics, 1976. p. 18.

»

4. Investigating the Earth, 1973, Chap‘ter 2 — Rocks and Mmerals/Atoms and Molecules/The abun-
© dance of the 'Elements.

"Activities and Investigations

1., Collect a variety of local, igneous, sedimentary and metamorphic rocks (with substitutions as
" necessary) and utilize as an introduction to the classification and relationships, of rocks and
mmerals -

N o
, . [N - .
. R . . .

2. Hamblin and Howard, Exercise in Physical Geology, Exercise #1, Introduction to Minerals:
. Crystal Growth. ) .

n

3. Investigating the Earth, investigating rocks and minerals, p. 30.

Part Il — Minerals
The student should be able to:

» 1. Utilize the following properties 1 rdentification of minerals:

a. crystal form (crystal faces)

b. cleavage and fracture

c. hardness X

d. specific gravity (heft)

e. color '
“f. streak

g. luster

h. special properties:

— diaphaneity
— reaction to dilute hydrochloric acid
— double refraction ’

— magnetism
— taste
‘\"'/
{Activity #1, 2)
2. Relate chentcal bonding and crystal structure, in parbicular:

a. the mineralogy of the silicates and the aluminosilicates:

— the silicate tetrahedron ’ ‘
— paired tetrahedra
— rings

— single chains of tetrahedra

— double chains -of tetrahedra

- layer lattice

— framework silicates and aluminosilicates




b. the mineralogy of the following non-silicates:
— magnetite ‘ .
- — pyrite o N
o — calcite and aragonite
b ' — halite
p — diamond and graphite

. , . .
(Reference #1, 2, 6)

* 3. With references, identify the fullmvirig minerals:

a. the following rock forming minerals and ore minerals in the Prospector’'s Set of Mineral
Chips (Geological Survey of Canada):

. — arsenoyprite — feldspar, albite (Plagioclase Feldspars)
, — molybdenite " — quartz, massive
— graphite -— quartz crystal
— stibnite — limonite
— galena _ — feldspar, microcline (Potassium Feldspars)
— chalcopyrite — garnet
— pyrrhotite — asbestos
‘ — pyrite — fluorite

— hematite — apatite
— ilmenite — pyroxene (Pyroxene Group)
— magnetite Coe — mica, biotite

’ — gypsum — hornblende {Amphiboie Group)
— mica. muscovite — tourmaline
— calcite | — barite

Jb. others:

— malachite — azurite
— bornite — halite
— cinnabar — olivine

— selenite gypsum

— varieties 4f quartz and
rystalline quartz

. -
(Activity #1. 2. Reference #4)

4. Integrate the study of wunerals with local geology and industry.

Aruitoxt provided by Eic:




Referendés
1. AGI, Geology and Earth Science Sourcebook, 1970, pp. 5-27.

2. Janes, Geology and the New Global. Tectonxcs, 1976, Chapter 4, Igneous Intrusion and its Products

. pp. 99-113. :

3. Gilluly, et al., Principles of Geology, 19.75. Appendix I, Identification of Minerals. :K);
4. Geological Survey of Canada. New Materials of Canada’s Mineral Industry.

s lvngl%"es{igating the Earth, 1973, pp. 31-42. -7

6. Long, L.E, Geology, 1974, Chapter 3, Plane Faces. pp. 51-75.

Actlvitios and Investigations .

., Hamblin and Howard, Exercises ln Physical Geology: Exercnse #2 Physncal Propertles and
Mineral Identmcatnon

2. AGI, Geology and Earth Science Source Book, pp. 18-27.

Part Il — Igneous Rocks
The student should be abie to:

* 1. Identify and “¥lassify igneous rocks according to their texture and conmposition.

(Activity #1, 2)

* 2. Classify the texture of an igneous rock as one of:

a. phaneritic .
b. porphyritic — phaneritic
c. aphanitic
‘ d. porphyritic — aphanitic
e. - glassy , .
* {  fragmental

* 3. Relate rate of crystallization to texture.
re  extrusive (volcanic) and tnirusive (plutonic) igneous rocks.

&
* 4 Classify,an teneous rock a~ sidlicic, intermediate. or mafic.

* 5. Lstimate the amount of quartz in an igneous rock.

* 6. Use a table of clussification of wgneous rocks to determine a rock name.

* Z= Dnterpret a table showing order of crystallization of the common rock forming minerals. ‘
~

* 8. ldentify the tollowing roneons rocks:

et e T

- . 16.

s
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(//' a. Geological Suryey of Canada: Prospectors Set of Rock CPips:

— granite . . .~ syenite
— diorite - — Qabbro B
penddtlte L — rhyolite N ‘
— andesite ' — basalt .
— basalt, (amygdaipidal) — breccia . .
— tuft — Porphyry, feldspar '
1 b. others: )

— obsidian, pymice, porphyritic igN8OUS rocks in general |

J ‘ (Reference #4)
@

Ioroncu , o f‘,' v :

1. AGI, Geology and Eqrth §éunce Sourcebook 1"970 PP. 28-57 , v . ST
“ 2. Janes wlogy and tpe New Global Tectonics, 1976 cnapter 3, (Vo'ca"°es and Thenr Products)
~* pp. 73-79, Chapter 4, (igneous Intrdision and its products) PP '97 and 11- 125

3. Gllluly et al. Prmczples of Geology 1975, Append,x i, |dentif|cat|on of ROcks op. 470_473 ‘
4. Geological SUIVey of Canada. Rew Materials of Canada s Mmcfal Industry, v
"~ 5. Long. L.E. Geologv 1974, Chapter 4 (Born of Flre) pp. 76-99.

"

6. lnveshqtflﬂg the Earty, 1973, Chapter 12 (Rocks w.mm Mountams) PP. 260.264 and 271-275. .

Activities a' Investigations .

[y

1. Hampfin and Howa,d, Exercises In th" | Geology, Exercise #3. Igneous Rocks. -~

2. AGI/Geology and garth Scnonce Sour Gbook 1970 pp 28~34- 51,

Sodlmﬂf“afv nocks
ent should be apje to:

- P

rwfly dc’SC”be the origin and the processes Of fommuon of sedimentary rocks,

| (Activity #1. 2) - :

» 2] Classify the 1eXture of, sedimentary rock as clastic or cllemicall‘(lprf—’c".p””'e or bigchemical). ‘

Recognize such sedimentary structure as: - A . '
a  stratification or layering

— hprizontal |ayer|ng . ‘
— cross-bedding :

© b, ripple marks
c. mud craCkS
d. rain imprints

17,




/ . ~—

/

¢

* 4. Identify the following sedimentary rocks: ' _ )
a from the Geological Survey of Canaga — Prospectér's Set of Rock Chips:

‘ - - conglomerate — shale - .
. — sandstope — limestone ,
— greywacke . * ~— dolomite :
b. also: , v
— breccia - — fossiliferous Iimestone
— arkose - — chert ‘
— SIItStOne — coal
— traverting _ : ¢ .

g

(Reference #q)

References
1. AGI, Geology angd Eqrth Sciences Sourcebook, 1970, pp. 28-57.

v

‘2. Janes, Geology aud the New Global Tectonics, 1971, Chapter 5, (Sediments and the Se imentary
Rocks) PP. 127.160,

3. Gilluly. 8t al., principles of Geology. 1975, Appendix IIl, pp. 465-470.
\ 4. Geologi®al Survey of Canada, Raw Materigls of Canada’s Mineral Industry.

5. Long. L-E.. Geology, 1974, Chapter 5. (Recycled Rocks) pp: 101-117. =

Activities and’ '"Veaugauons
o1 Hamblln and’ joward, Exercises lﬂ Phyalcal Goology, Exercise #4 Sedimentary Rocks.

2. . AG|, Geology and Earth Science Sour_eebook, 1970, pp. 33-35, 52.

Part V — Metamorphic Rocks

The student should pe aple to:"

* 1. Discuss the formation of metamorphic T0Cks __ with reference to the types of metanmorphism:

a. contact mgtamorphism
b regional metamorphism

C(Activity #1.2)
x 2. Classify metamopphic rocks as foliated O non.foliated. \
. . -
» 3. Identify Metamorphic rocks on the basis of precence or lack of foliation and texture.

» 4. Identify the foligwing metamorphic rocks:

a. from the Ggological Survey of Canaga — Prospectors Set of' Rock Chips: -
— quartzitg ‘
— slate _
— sChist v : . ,
— gheiss N

N f‘\/"
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b. also: : .
] : s
— phyliite . ,
— metaconglomerate - . o
-— marble

(Reference #4) o | - .
References

1. AGI, Geology and Earth Science Sourcebook, 1970, pp. 28-53.

2. Janes, Geology and the New Global Tectonics, 1976, Chapter 6, (Metamorphlsm and the Metamon
phic Rocks), pp. 166-189. )

3. Gilluly, et al., Principles of Geoléiy;w?s. Appendix lll, pp. 473-475.
4. ‘Geological Survey’of Canada, Raw Materials of Canada’'s Mineral Industry.
5. L-ong; L.E., Geology, 1974, Chapter 5, (Recycled Rocks) pp. 118-129.

6. [Investigating the Earth, 1973, Chapter 12, (Rocks Within Mountains) pp. 265-27Y.

A:tivltlea, and Investigations

1. Hamblin and Howard, Exercises in Physical Geology, Exercise #5, Metamorphic Rocks.

2. . AGIl, Geology and Earth Science Sourcebook, 1970, pp. 38-39, 53. ‘ . )

AN

"« « NOTE: It is very important that a study of local samples be ihtegrated into this section of -
Geology 12.

EARTH PROCESSES— SURFACE

Surface earth processes break down and redistribute earth materials in a variety of ways. A study of
>fhese processes enables a better undérstanding of how sedimentary rock formations occur. An
analysis of these formations enables the reconstruction of tlie geologic past in a given area.

‘

LEARNING OUTCOMES L2

.
Part | — Erosion by Running Water \_/

The student should be abie to:
L §

% 1. Reconstruct and observe a model of running water processes, by means of a stream table.
)
(Activity #1 =/3
ctivity #15 )

* 2. Recognize sediments from stream loads as they are sorted by water, taking note of their locational
deposition at various stages of delta formation.

(Activity #1. 3, 4, 5; Reference #3) \

x 3. lde nllfl/ and relate the source material se diments with the type of sedimentary rocks produced leough Hu
water sorting process.



L
.

(Activity #1, 2; Reference #1) _ .

4. Devise a method to measure the stream load carried by a local creek or freshet by wa‘y of: -

a. sediment

b. solution [ - ) _ , _
c. corrosion materials (bed-load) = ' S
‘ \\{ *) (Reference #1, 3) : ,

Ag » , . . -
\" 5. Measure and grapfi longitudinal stream profiles for a number of our major rivers. Compare gradients as

\_\ . they affect landscape as deduced from  topographical maps.
Vr':“" . ' 1~
. . v
(Activity #8; Reference #1, 2, 3) .
References B ST ’

1. Gilluly, James, et al., Principles of Geology, 1975, Chapter 12, The Hydrologic Cycle and the
* Work of Streams, pp. 247-263.
2. Long, Leon E.. Geology. 1974, Rivers, The Pleistocene braided Mississippi, The modern mean- -
dering Mississippi, pp. 382-394.
v
3. Janes, J. Robert, Geology and the New Global Tectonics, 1976, Chapter 9, Erosion: Change at the
Surface of the Land, pp. 246-264
; i

Activities and Investigations

1. American Geological Institute, Investigating the Earth, 1973, pp. 200-201, a simplified version
v of a stream table involdng stream volume, slope, and gravel sorting processes by means of a
trgugh is presented. '

2. American Geolagical Institute In_vesllgallng the Earth, 1973, pp. 308-309, investigating areas
of -ergsion and deposition with emphasis on miniature landscape reproduction. .
A

. i
3. American Geological Institute,Geology and Earth Sciences Sourcebook, 1970, pp. 172-175,
_ gives detailed instruction in how to construct a stream table and utilize the same in a variety of
ways to demonstrate: delta bedding, stream meandering, undercutting, cutbanks, slip-off
slopes, effect of resistant rock masses, lake filling and cutting, relationship of rate of flow to
stream formation.

’

4. American-Geological-Institute, Investigating the Earth, Teacher's Guide, 1973, pp. 158-165.
Topics include: the parts of a landscape, investigating areas of erosion and deposition, rates
of change, landscapes and climate, how low can a landscape get, investigating regional land-
scapes.

5. Hamblin, Kenneth W.. Howard James D., Exercises in Physical Geology, 1975, Exercise 9, pp.
72-79, Stream Erosion. ‘

~——
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Part Il — Ice Ages and Glaciers
The student should be able to:

* 1.

* 2.

* 3.

Propose hypo!heSes l:stmg assumptions regarding the origin of ice ages. *

»

" (Reference #1, 2, 3)

“in

Demonstrate methods of determining relative and absolute ages of glacial deposits.

(Activity #1, Reference #1, 2, 3)

Reconstruct past glacial positions on @ map of North America.

(Activity #1, 4; Reference #1, 3)

Relate the effect of glacial load on the earth's crust to isostatic response.

(Reference /1. 3)

. . . N
Cite and demonstrate ways n which alppte and cotinental ‘glaciers have sculptured the land.
! 8 }

\

* (Activity #1, 2. 3)

References ‘
1. Gilluly, et al., Principles of (ﬁunlt)g}/, 1975. Chapter 13, Glaciers and Glaciation, pp. 279-308.
2. Long, Leon. E., Geology, 1974, Glacial erosion and deposmon Ilce and isotopes, Causes of the
ice ages. pp. 432-457.
! ~_ _
3. Janes. J. Robert, Geology and the New Global Tectonics, 1976, Chapter 10, The evidence of

glaciation. Examining the Pleistocene record. Some special aspects of the Upper Wisconsin
record, Plate tectonics and the causes of an ice age. pp. 289-324.

Activities and Investigations

1.

American Geological Institute. Investigating the Earth, 1973, pp. 410-411.

An ice-age puzzle is offered in which research data is plotted onto a map. From the in-
formation given students can determine time lapse and glacial features produced.

Hambhn and Howard, 1975, Exercises in Physical Geology, pp. 84-87.

This exercise presents a topographic map from which students are requured to identify con-
tinental features of glacial origin. to determine the direction of glacial movement in the area,
and are asked to evaluate the dramage pattern created in a typical continentally glamated
area.

21,



O

ERIC

Aruitoxt provided by Eic:

Hamblin, W. Kenneth, and Howard, James P., Exercises in Physical Geology, 1975, pp. 88-98.

This exercise has as its objective the recognition of the types of landforms developed by

‘alpine glaciers and the understanding of the processes responsible for their development.’

’ .
Using reference texts, Gilluly, James, et al., Principles of Geology, 1975, pp. 298-300 and
Janes, J. Robert, Geology and the New Global Tectonics, 1976 Edition, p. 316 as,well as the
Geologic map of Wisconsin and Recent Ice in North America, Geological Survey of Canada,
Ottawa, past glacial positions of North American ice can be determined and placed on outline .
maps together with prominent glaciated fea;tures produced by the ice.

\

Part Ill — Eolian Process

The student should be able to:

1

Identify thy interrelationships between climate, sotls and [unds[opﬁs as they affect topographic features of
colin origin

(Reference #1)

fdentify and describe the crostonal processes and teatures produced by sand blasting.

(Reference #1% 2)

Deduce the relationships betieeen gram size, amount of sand, speed of wind, and vegetation to the degree
and size ot desert slopes ' ’

(Activity #3; Reference #142)

Describe surtace torms ot moving sands poestigating how these desert landforms develop.

(Activity 13 Reference #1. 2)

Recovnmize Hhe signiticance ot sporadic rdmtall on desert areas an the shaping of the landscape,

(Activity 2 Reference 1)
1

Ditterentiate betioeen vicer sand and wind plowen sand (Fake mote of prcroscopie gram appearance and
cartation o oQgraot seze Contrast the bedding planes ot the two) <

(Activity #1. Reference #1. 2)

Descrebe the physical characteristios Hie origQm dnd world distribution o loess depostts,
(Reference #1.2)

.l.)z

[N R . . .



References &

1. Gilluly, James, et al., Principles of Geology, 1975, pp. 326-345. ) T
2, Janes, J. Robert; Geology and the New Global Tectonics, 1976, pp. 264-269. * S ‘ o
Actlvltlu and Investigations R ‘ AR .

1. Find local cross-bedding planes in |ocatl sandbanks to determlne whether they are of eohan or
fluvial origin. See illustrations in Gilluly, et aI Prlnclples_dl Gaology, 19{5 p. 344 compared

. with p. 375. ) _ ; .. _ ., ~ .
_Determine also regularity of grain size, angular edges and aopaque charactenstlc of sand
blastlng by means of a microscope. 3 . : :

2. Hamblin, W. Kenneth Howard, James D., Exercises in Physlcal Geology, 1975, Chapter 10

Erosion in Arid Regions, pp. 80-83.  « S NS
- ')" g
X 3. American Geological Institute. Geology and Earth Sciences. Sourcebook, 1970, pp. 161-165.
' S!reams of sand pouted in front of.a fan, when allowed to settle around obstructlons are used Voo ' *
to simulate sand dunes formatlon : ) . .
L ) .. . ] - . , . . Y
- _Part IV — Ground Water W T . L. : '

The stude_nt_sho'dldbe able to

v 1. ‘Manipulaté apparatus Lo investivate porosity, permeability and hydraulic conductivity. s !
A . : .
(Actnvnty #1. 2) . ' .

* 2 -Descrlbc the nlulmnslup of the water- table, to marshes, lakes and streams.

... (Reference #1, 2)
’ ! v . o’ ,
w 3. Discriminate betioeen perched. confineds and typical ground water tables. i
A . N .
'V
" (Reference #1. 2. 3. 4) . ' to

L

_ NE ' ,”
4. Deserbe the hydrewdie gradeet and the movement of water according to Darey’s Latw.
' ' . ' L

' . R - N

(Reference #1. 2) .
_ ‘ A
Discriminate betweeen the eftects of natural and urtificial discharge of ground water.

(Reference #1) ) I
e 6. Describe Qround wdter forptations of solution dmd precepitation
. . 7
' ‘
" - N )
I 23 ) 0 ." Y
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Aruitoxt provided by Eic:
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Activities and Investigations
1.

'American Geological Institute, Investigating the Earth, 1973, pp. 172-174.

”,' '

\

_ (Reference #1 3) : | : '
7. Map the ma/or' producnve aquifers in Canada and US.A. i )
(Activity #3; Reference #1, 2, 4)
References .
1. Gilluly, James, et al., Principles of Geology, 1975, pp. 310-320.
2 Long, Leon E Geology. 1974, Groundwatekpﬁ 463-475. T h o
: 3. Janes, J..Robert, Geology and the New Global Tectonics, 1976, Groundwater The movement and
work of underground waters, pp. 230-239.
4. American Geological Institute, Geology and Earth Sciences Sourcebook, 1970, pp. 144-150.

American Geological Institute, Geology and Earth Sciences Sourcebook 1970, pp. 144-145
methods of measuring porosity, permeability and capillary action are shown.

13

Investigating the movement of water in earth. Apparatus required illustrated.
using references 1 and 4 together with hydrological maps for the locai area trom mummpal

sources, map some of the major areas in North America rich in ground water.
. )
°

"Part V — Physical Erosion, Chemical and Biotlc Weathering

The student should be able to:

* 1.

Discuss the hazards and effect of the downslope movement of soils and rock materials.

(Reference #1. 2)

,aHur data and deterniine howe indrerdual mimerals react chemically to hydration, )n/dmlvww (md(mon .
aml &arhonation

(Activity #1. Reference #1. 2}

Sugyest ways o which physical and chengal weatherig take place through biotic mtluernces.

(Activity #1. Reference #2)

24,



o 2. 'Janes., J. Flobert. Geology qnd the New Global Tectonics, 1976, pp. 220251, - Y |

References "/ o . -
" 1. Gilluly, James, et al. Principles of Geology, 1975, pp 215-245 R S

Activities and Invutloallom ' : ‘ : R

1. American Geologlcal Instltute. Goology and Earth Science Sourcobool(. 1970 pp. 160462 .

" Exercises: which demonstrate. the ‘effect of freezing water, of oxidatian, i steel wool, of

hydration using plaster-ef-paris, of carbon dioxide solutlon as ‘an acid, and of plant roots

producing acid are presented. . : , ) ',

SUBSURFACE EARTH PROCESSES

N . B ’ . ‘e .
~Subsurface earth processes are nat known from direct observations. The physical and chemical -

properties of magma are based on observations of volcanic products and synthetlc magmas and on-
studies of geophysncal properties of the earth.

{

LEARNING OUTCOMES

Part | — Volcanism : e S /

The students should be able to: X .

» 1. Volcanic Rocks : TR

Classify at sight, using a hand lens, volcanic rocks according to a classification chart for “igneous rocks.

Ie

(Activity, #1; Films #3 and 5; Videotape #1; Filmstrip #3)

*'2, Ty_!uj of Volcanoes . . :
Dist_iﬁguish between the following volcanic ~features: ' K
a. shield volcanoes '
. b. cinder cones . ‘
c. composite volcanoes !
d. lava plateaus
e. plug dome

(Investigation #2, Sheets 4, 5, 6, 7. and 12; Films #1, 2/ 3 and 4; Videotapes #1 and2 Fulm-
strips #1, 2 and 3. Field trip #1)

3. Geothermal Eruptions *
Deswibebrutons, including geysers, hot springs and phreatic explosions, according to:

activity {active, ‘extinct, dormant)

contmuuty of eruphon

type of eruption (central, areal. flssure phreatic)
type of product (proportlons of gas, liquid, solid) -

violence of eruption

© a 0o o

, - #0025 | :
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‘ : ' B . (SN o . 'l ":‘ ‘ .. L : b o - = )\-" RS ' -
4o . - (Investigation #2, _Sn‘ee(t's 10, 11, 16; Films #1,2, 3, and 4; Videotabes #1, 2 and 3)
. . ™o . . N o ) i;;/ ‘ . ; .
w4 T .of Lava \ ;
5, . . ! L . . . . . ) .
. ¢ - Distinguish:between, and name, the various types of lava by their composition and behaviour while
- flowing and“identify, the rock formed when the lave cools.. . = A . :
. “a. floggfiows . ! |
oo b. ash flows or nuee MWonte \>
L f. . . . - ’
. c. pillow lava . N P
) (Investigation %heets 1, 10, and 11} Films #2 and 3; Videotapes #2 and 3)
» 5. Weathering and Erosion. of Lava Flows and Voicanic Cones '
a. recognize and-describe results of the weatﬁefind"éﬂvdlcanic structures (e.g. plug domes,
egg(ppsed..dykqs and sills, qeposgs‘ qf_ voleanic soil, guyots, lava plateaus and mesas.)
b. distingyish petween the effects of various times, methods and amounts of weathering on
’ each of thege five: composite cones, cinder cones, -shield volcanoes, lava plateaus and
"~ plug domes. -t ,
(Ih&éstigation #2 Sheets 9, 11, and 13; Activity #3)
6. Hazards "'n*i A ]
'Given the characteristics of 'a volcnn’icéare'a (frequqricy and length of time.of eruption, nature of lava and
other products, source of lava and-other products, violence of eruption, prevailing winds, slopes), describe -
the nature and extent of the hazards to humanps, structures and communities. ’
‘:I'( ’ “
(Inwestigation #2, Sheet 20) -
. . : v , . . .
R References ‘
1. AGI, Geslogy and Earth Scjences Sourcebook, Chapter 2, Volcanoes.
2.5Janes. Geology and the New Global Tectonics, Chapter 3, Volcanoes and Their Products.
P ] . .
« 3. Atlas of Volcanic Phenomena. '
4. Gilluly, et al, Pfinciples of Geology.
Activities and Investigations
1. Hamblin and Howard. Exercises in Physical Geology, Exercise #3, Textures, Aphanitic and
. Glassy, Families; Gabbro-Basalt and Peridotite.
2. Atlas of Volcanic Rheriomena, Shéets 1, 4, 5, 6. 7, 8, 10, 11, 12, 15, 16 and 20.
L 3., Hamblin and Howard, Ekercises in Physical Geology, Exercise 14, Volcanic land forms.

. ' . . . : L]
. - ¢
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B Heértbegt of a volcano, EBF. )

' '.2.' Volcanic Landscapes Part 1. MOY. g . -ig
3. Volcanic Landscapes Part 2. MOY. - 5 '
4. Volcanoés: Exploring the Restless Earth, EBF.

5. Rocks That Originate Underground, EBF.

N

" Videotapes , ‘

v 1. The Fire Within, TV Ontario. ’ .o
2. Volcanic Landscapes Part 1. MOY.

'3. Volcanic Landscapes Part 2 MOY. e ’

Fimstrips
1. Volcanoes, Parts 2 and 3. MEM.

2. Volcanicity, MEM. '\
3. Volcanic Rocks, EBF.

»

" Flold Trips .
1. Bowers, Garibaldi Geology, Geological Survey of Canada.

2. Vancouver Geology, Geological Sfirvey of Canada.

4

3 Field Trips to SSuthwestern B.C./Department of Geological Science§. U.B.C.

Part Il — Intrusive Formations
“ ¢ :
"The Stpdent should be able to:
* 1. .Plutonic Rocks ) -

a.  classify at sight, using a hand léns, plutonic (igneous) rocks according to a classification
chart of igneous rocks. ' . .

(Activity #1; Film #1; Filmstrips #1 and 2)

= 2. Bodies of Plutonic Rock /\
a. describe the locations of local large bodies of granite rock (batholiths).
describe the locations of local sills and dykes.

comparte and contrast the size and frequency of crystals in samples of igneous rock of
various compositions." Deduce the origins of the rock from the evidence collected.

{Investigation #2, Sheet 2)

Lr
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» 3. Magma.

Suggest, from loofing at rocks, a hypothetical composition fur(thc original magma: oo
. e . ,)\ s
a. a solution of molten rock.

b. A solution bf molten rock containing fragments of -.unmelted rock, dissolved gases and
ctystals, in amounts determined by the temperature and pressure.

-~ <

(Investigation #2, Sheet 2)

» 4. . The Formation of Igneous Rock

a. describe and explain the order of-crystallization (the Bowen reaction series).
b. describe and demonstrate tactors atfecting cooling rate and crystal size.

e

describe the following processes, which occur as magma cools and the pressure on it
diminishes:

— gases and vapours-escape __—

— crystals of low density float

— crystals of high density settie . .
— one substance diffuses through another at the interface o
— the rock in the wall of the magma chamber is assimilated into the magma.

d. with reference to the Bowen Reaction series suggest how and where in the batholith-a
glven igneous rock was formed. |
N

a B (Investigation #2, sheet2: Investigation #3, Unit 1, Earth Materials, Volcanism)

5. Oceans and Atmospheres . :

a. suggest a method by which oceans and atmospheres have reached their present com-
position.

b. describe the intera.gtion of the oceans and the crust of the earth.

{Investigation #3)

Retferences

1. AGIL, Geology and Earth Sciences Sourcebook. Chapter 4. Mountam Building and Rock Defor-
mations. Chapter 5. The Atmosphere

1)
2. Janes. Geology and The New Global [uhmus Chapter 4. Igneous Intru5|on and its Products.
3- Gilluly. et al.. Principles of Geology, Chapter 9. Constructive Part of the Geologic Cycledgneous
Activity and Metamorphism.

"Activities and Investigations

1. Hamblin and Howard. Exercises in Physical Geology, Exercise #3.
2. Atlas of Volcanic Phenomena, Sheets 1 and 2

3 AGI, Geology and the Earth Sciences Sourcebook, Chapter 5. The Atmosphere.
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Films | :
1. Rocks that Originate uriderground. ERF

2. ‘Why Do We Still Have Mountains? EBF. | -

Filinstrips ' ‘.

1. Plutonic Rocks.

2. Rock Families. » , |
STRUCTURAL GEOLOGY S

Structural geology includes the stu"y of the major geologic processes responsible for%he evolutlon
of not only the layers of the earth but also the development ot the broad patterns and ‘grain of the
crust of the planet. As suchrit includes the study of plate tectonics, sea floor spreading, and moun-
tain building.

gine +
LEARNING OUTCOMES . —* _
Part | — The Structure and Mechanics of the Earth - E

The student should be abie to:

* 1. State the layers of the earth and be able ‘o make a rough sketch of the interior of the earth, labelling all
principle parts and showeing approximate thickness of edach layer in kilometres.

(Activity #6. 7. 8, 9, 46)

* 2. Give evidence for the fact that the solid earth is layered. ’

N/
(_Activity H6, 7, 8‘2, 46; See also Part lil, Activity #1, 3)

* 3. Summarize the history opcontinental drift, stating names of pu)plt who propoesed the theory and giving the
‘ names of the original cutinents they proposed.

¥

(Activity #;56, 27, 28, 29, 30) (

4. State what is meant by sea-floor spreading and list the evidence to support it

(Activity #4 5 0 13, 15. 16, 17. 18, 19. 20, 22, 23, 24, 25, 26, 27, 28, 29, 30. 31, 32, 33, 34, 35, 36,
37, 39. 41, 3. 44, 45)

* 5. Discuss the mechanisms ot plate tectonics includimg difterent types of plate boundaries.

(Activity #4. 5. 7.9, 15, 16, 17. 18, 23. 24, 25 26, 27. 28, 29. 32, 33. 34, 35, 36, 37. 38, 40)

* B, List the probable causes tor the movements ot the plates. o

(Activity #26, 27, 29, 41)



’

* 7. Stafe where the new material comes from that reaches the crust in plate tectonics.

. N
X

(W#w. 16, 17, 18, 20, 26, 29, 32, 33, 34, 35, 36, 40)

# 8. State the geological activities that go on where /he crustal material is being destroyed and give, the
" evidence that supports-»it. - ,

4

(Activity #22, 23, 26, 27, 28, 32, 37, 38, 40)

5 .

9.. Predict the. "future” of continued displacement on the San Andreas fault and the role it might play in the '
movement of the Pacific Plate. :

G

(Activith #17. 24)

fd
i

‘ &,
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References .

Long. L:E., 1974, Geology. Chapter 11°% The Grand Synthesis: Introduction (pp. 322-353). .
Chapter 12 — The Grand Synthesrs Conclusnon (pp 354-377).- o

.Gilluly, James. et al., 1975, Principles of Gwlogl/ Chabter 8 — Renewnng the Geologic Cycle ¥
(pp. 127-157). Chapter 9 — Constructive Part of the Geologic:Cycle — Igneous Activity and
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toges, W.L.. 1973, Essentials of Earth History. ({hapter'B — Structure and Mechanics of the
arth (pp. -168-189). . ‘

’

v

4. Janes, J.R., 1976, Geology and the New Global Tectonics. Chapter 1 — Plate Tectonlcs and the v
_Study of the Earth. Chapter 7 — Mountains and Geplogical Structures '

I, Investigating the Earth, 1973, Chapter 13 — The Driving Force of the Roc Cycle {pp. 279-
298). Chapter 11 — Mountains from the Sea. Chapter 18 — Development of a Continent {pp.
3951415). .

6. AGI\Investigating the Earth, 1973, Teacher's Edition. Chapter 11 — Mountalns from the Sea (pp.
. 122-133). Chapter 13 — The Driving Force of the Rock chle pp. 145-153)., Chapter 18 —
Development of a Continent (pp. 207-217§: .

7. The Obpen University (TOU), 1971, Major Features of the Earth's Sirface, Contrncnml Movemcnt
Sea-flodr Spreading and Plate Tectonics (Units 24 and 25).

8. The Open University (TOU). 1971, Earth Hrstoru Land Il Un|t 26.2.4.1 — Features of Young Fold
Mountaibs at Contlnent/Ocean Boundaries (pp. 19-23).

9. Hamblin,\WX., and Howard, J. D 1975, Exercises in Physical Geology (4th Ed.). Chapter 17 —
Tectonics\of North America (pp. 146-153). Chapter 18 — Topography of the Ocean Floor (pp.
154-163).

4 10. Brice, J.C.. \and Levin, H.L.. 1969. Laboratory Qtudru in Egrth History. Chapter 6 — Inferences
from Geologic Maps (pp. 65-74). Chapter 13 — A study of Crustal Movement: San Francisto
Bay (pp 191-196).

11.  Continents Adrjft (Readings from Scientific American). Paper 4 — The Interior of the Earth (pp.
22-27). Paper § — Continental Drift (pp. 41-56). Paper 7 — The Confirmation of Continental
Drift (pp. 57-67). Paper 11 — The Breakup of Pangaea (pp. 102-114). Paper 13 — Geosyn-
clines, Mountains and Continent-building (pp. 124- 132) and Paper 15 — The.San Angreas

- Fault (pp. 143- 167) . <

(.

~

12. "AGI, Geology and Larth Sciences Sourcebook for Elementary and Secondary Schools. Chapter 3 —
Earthquakes and the Earth's Interior (pp. 79-98). Chapter 4 — Mountain Building and Rock
Deformation (pp. QQ 114).

13. ISCS. Crusty Problems — " reacher's Edition. Chapter 1 — A First Look at Earth (pp. 1-25). Chap-
ter-2 — The Mountains (pp. 27-44). Chapter 17 — Wedge-shaped Mountains and Uplift by
Faylting (pp 79-82). Chapter 18 — Uplift of Mountains Due to Folding (pp. 8385)
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T Actlvltln and Invntlgatlom | S | \\'

Contlmnts' . - L

_ 1.‘ Construct a sketch across a hypothetlcal continent and show the followu&g features to scale
...% - "Ya) an 8 000 m mountain range (b) a wide caastal plain extending up to the average height of
land in continental platforms (840 m) (c) a wide continental shelf at a depth of 200 m (d) a
narrow and steep continental slope extending down toMb ssal plain at 6 000 m’
. .- . (e) and. a deep ocean trench (but very narrow) extendi n to a depth of 11 000 m. Note
. h how a-small rise or fall of sea ievel would considerably change thé arqas of land relative to
©.sea. Study the cross-section.in The Open Unwerslty, 1971, Major Features of the Earth’s ‘
- Surface (Unlt 24) p. 19, fig.'8. - r '
b
o2, >Compare the present map of Europe to a map of Europe as it must have looked durlng the °
‘ _Plelstocene, when water was frozen in the enlarged ice caps and sea levels were about 200
m lower.than today. See the map in The Open Unwensty. 1971 Major Features of the Earth’s
‘Surfaco (Unit 24), p. 19, fig. 7.. ' . “ '

.
[, .

‘3. Study the present -day d|str|but|on of ocean|c and continental crust by percentaggarea (the
Earth's surface area is approximately 51 x 10" km?):-Study the percentage of land versus sea'

. and make some assumptions,about the kinds of sediments being deposlted today as they

‘ relate to their environment of depositioh. See tab‘le 2.in The Open University, 1971 Malor

o Features of the Earth’s Surface (Unlt 24), p. 20 ;

Continental . Structure ’ S

' 4. Define and compare orogenic belts.and cratons Study a map showing the d|str|3tt|on of -
) ‘major orogenic belts and note the concentric arrangement of orogenic belts areund the, .
N cratons: Suggest a possible explanation of this process of nucleation and construct a series
/) ‘ of plastic overlays that show how North America grew by the plastering of successwely
younger orogenic belts around a cebhtral craton. See p. 21, fig. 9°in The Open Unlversnty, 1971 '
- Major Features of the Earth's Surface (Unit 24)
&
5. Tensional movements create rift valleys such as the Rhnne Fhft Valley and the Great" let
Valley system of East Africa. Experiment with two. boards through whlch a few naNs have.,
"been driven so as to allow only their heads to pratrude about 1 cm above each boards sur- -
face. Place the edges of the boards together and pressta 2 cm thick layer of modelling clay
firmly agafnst the surface so that it is firmly; molded around the nail heads. Then gently pull
LI the boards apart and observe the kinds of Surface features formed. By moving.the boards
. parallel-tg the edges another kind of deformation can be observed in the clay. Try the ex-.
_periment.again but use pIaster or a flour and watér paste. By moving the boards at different
times and using different consistencies of plaster a number of mterest‘ng structures can be
created. Try the experiment again by p}acmg the. clay on the boards with .the edges 3 cm
apart and then slowly push them together or move them tangentially or paratlel to the board
edges. Those structural features created in the clay and/or plaster will resemble the kind that
develop in orogenic belts under a state of'compression. Compare the structures.created to -
actual cross-sections of mountain ranges in North America such as the Appalachians. and to
. those in Europe such as the Alps. See figs. 10 apd 11, pp. 21-227in The Ope Unlverslty 1971
o MaiottFéaturos of the Earth’s Surface (Unit 34).

N

-

Mountains - | o S 4 | .
6. Provude students with the two fngures of a plumb-bob — transit setu as own in flgures 12 -
~and 13 of TOU (The Open Univeristy), Major Features of the Eatth's $grhco (Unit 24) onp. -
- 23. Question: Will the plu mb-bob at survey X station near a mountain range hang vertically?
. Review Newtons Law of gravitational attractnon and give them in thﬁ basuc equation
Gm,m, B

A S F =
. r2
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11.

12.

Students should be able to discyss fhe probability of the foiu’ proposntiOns posed on page 24
in TOU (Ynit 24). Provide numerical’estimates of the forces involved in a "typical” mountain
range and calculate the effect on a plumb-bob. Let them measure the mass of a real plumb-
bob. Snmplify the assymptions such as regarding the mountain as a point mass and that the -~

force exerted by the mountain is horizontal. See the procedure outlined on pp. 25-26 in TQU

(Unit 24). The answer indicates that-there are light-weight ‘roots’ under mountainous areas. -
Airy's assumption that the Earth’'s crust can be likened to a rigid shell floating on a liquid
substratum of greater density provided the first meaningful data on the behaviour of the
material in the mantle. One hundred years Iater this data had important |mplncat|ons in the
theory of plate tectomcs

The depth to which columns (mountain masses) sink into'the Earth depends on the density
differences between the ‘liquld’ substratum and that of the‘floating crustal logs’. See p. 27 in
TOU (Unit 24). Experiment with differert types of material such as.ice and wood floating in-
water and calgulate the density of each material based on the amount of ‘subcrustal’ material
displaced. Assume the ice and wood are crustal blocks and the water is subcrustal material.
Calculate the density of each by measuring the amount of fluid displaced in avgraduated
cyllnder Experiment using other types of ‘subcrustal material' such as mercury. In each case

‘direct measurements of the amount of fluid displaced can be determined if the experiment is

performed in a wide-mouth graduated cylinder. Introduce the concept of isostasy as it now

explains the fact that surface features of the earth are in a state of balance. See pp. 28-30 in

TOU (Unit 24).

'

Provi_de sufficient data tostudents to enable them to discuss gravity anomalies. The unit used

to measyge a gravity anOmaly is a milligal (mgal) a thousandth of a gal. A gal is the averagé:
total g fok the Earth and is named after Galileo. Explain the method by which an area of

gravity anomaly can be mapped by surveying an area in detail and by joining up points of .
equal gravity {lines are isogals and are analogous to contours)..Study the illustrations and

_ gravity map of the Baltic in TOU {Unit 24) on pp. 31-34 Attempt the questions on pp 32 and

33 of TOU (Unit 24).

-One idea, long held is that there are movements of material within the upper part of the

Earth’'s mantle which compensate for ‘mass movements at the surface. Consider a moun-
tainous area and a nearby sea. With time, the tops of the:mountains will be erodéd and the
rock debris transported to the sea. The load of the mountain will be less and a compensating
‘movement occurs as the mountain is ‘floated’ to a higher level within the fluid substratum.
Demonstrate this by floating a thick piece of wood in water. Place a pile of sand oh the sur-
tace of ‘the wood and mark the water level. Simulate erosion by removing some of the sand
and mark the new water Jevel. The ‘mountains’ rise-to replace the debris removed See pp. 34-
86 in TOU (Unit 24) and answer questions on pp. -35-36. :

~ Oceans

Study the sketch section across the North Atlantic from Florida to the English Channel. Is
there any symmetry about the general distribution of topographuc features of the Atlantic?
See p. 38 in TOU (Unit 24).

The continental sheif. an inner fiat zone along the edge of a continent, has an average, in-
clination away from the continents of only 0" 07°. The water over the continental shelf is -
usually less than 200 metres dee\p The area occupied by continental shelves occupies about .
12 per cent of the Earth's surface. Bearing in mind that the continental shelf is geologically
continent; can you think of any reason why this area should be so flat? See pp. 38-39 in TOU
(Unit 24). Use a'stream table to study the effect of wave action on a sandy beach. See Activity
4. 2 pp 158- 159 in Crusty Problems (Teacher's Edition).

Contrast and compare the sediments of the continental margln and those of the deep ocean
floor. Study recent and rock samples of continental margin marine sediments and turbidites.
Create turbidity currents in a sedimentation tank. See Activity 13-4 (Investigating density -

" currents.) in ESCP, Investigating the Earth — Teacher's Guide (part 2) on pp. 361-362.
. * .
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13. Investigate a sea mount. The hills which project well above the ‘general level of the ocean
floor are generally termed sea mounts: These submarine volcanoes are illustrated in cross-
section on*p. 41 in TOU (Unit 24). Provide a topographic map of a hypothetical or real sea
mount and construct a cross-section from the data. Account for the flat tops of sea mounts;
and explain their location and depth in various parts of the Pacific Ocean. Flat topped sea’

" mounts are termed guyots. & - - : . . '

" 14. Investigate the evolution of an atoll. Provide data given on p. 42 in TOU (Unit 24). Why not

suggest that the sea floor has sunk beneath a volcano by isostatic readjustment as in fig. 25

. of TOU (Unit 24) p. 42. Construct a model volcano of clay and place it in a plastic tray or

' aquarium. By adding water the volcano is gradually submerged and becomes an island. Add

a ring of pink clay as a doughnut around the surface of the clay model to simulate a coral

reef. As water level continues. the rise the ‘coral reef' grows upwards, continued subsidence

results in the complete submergence of the volcano, so that the reef encloses a circular

y lagoon and thereby produces an atoll. How then have some guyots, the flat surfaces of which

: often are covered by the remains of shallow .water marine animals, come to be over 1 000 m
benéath the surface of the:sea? '

The Oceanic Ridges - \

15. Study the distribution of oceanic ridges and rises. See the illustration in TOU (Unit 24) on p.
43. The initial study of oceanic ridges should focus on description and. students should be
required to draw a cross-section of either a hypothetical ridge or a.real one. Important parts
of the physiography of the ridge should be labeled 'such as median valley or axial rift.

16. - Oceanic ridges are composed of basalt. Give the student a piece of basalt and speculate that
it was recovered from some part of the Mid-Atlantic Ridge. Indicate to the student that the
basalt came from either the axial rift or the central high mountains. Bearing in mind the rock
type the student should express an opinion about the process responsible for the formation of
that part of the ridge. Study pp. 43-46 in TOU (Unit 24). - ' . -

17. Study a geologic or physiographic map of the Atlantic Ocean basin. Note that oceanic ridges
do not continue without interruption across the oceans; they are cut by fracture zones. These

zones are a type of fault unique to ocean basins and called a transform fault. Cut out Figure -

45 in TOU (Unit 24) on.p. 67. Cut out the back cover of TOU (Unit 25) showing an oceanic
ridge cut by two transform faults. Insert fold 1 (Fig. 45) into slot 1, fold.2 into slot 2, fold 3 into
slot 3. Pull the folds through from the underside of the back cover (baseboard). Then as you
pull-the paper out throygh the slots (see diagram on back cover of TOU (Unit 25), the relative
movemehts aion transform faults will be seen. Make your own model of two transform
taults .from acylal maps of the North Pacific ocean floor adjacent Vancouver Island .and
demonstrate the movement along the transform faults there. T

from the Geological Society of America or from Time, Incorporated. Note that at some points’
along mfid-ocean ridges, such as Iceland and Tristan da Cunha, an excessive-outpouring of
a has built active volcanic islands that are connected to the'shores of adjacent continents
lateral ridges. If the “hot spots™ under these islands have existed since the oceans began
to\open, theit: excess lava could have built those lateral tidges. The progressively older
northwest of the active island of Hawaii could also have formed over such a hot spot.
this phenomenon after reading “Continental Drift" by J. Tuzo Wilson in Continents
1-55). :

/18/Study the charts showing the physical features of ocean basins such as the one available

Adrift (pp.

19. Present the controversy that exists over the origin and reconstruction of the Indian Ocean.

' Read and compare the-two ideas presented in “Continental Drift" by J. Tuzo Wilson in Con-

” tinents Adrift (pp. 41-55) and “The-Confirmation of Continental Drift"” by P.M. Hurley in the
same.book (pp. 57-67). : T
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The topogFaphy of the ocean toor has been M3Pped by means of seismic reflection profiles.

From the profile the topogyaphic features and Shallow structure of featufs on the ocean floor
can ‘be recognized. S'm pp. 154-1589 in Exercises in Physical Geology and answer the
questions on pp. 155-156 and 158. ! ' :

e

-Excellé’m'bhys'iog"r_aphlc maps have now beeN completed of the ocean floors. Consult the

Earth Science 11 guide (p. A6) for a list of "€ most important maps 8howing the physical
features of the ocean basins. Study Fig. 180 (P- 161) in gxercises in Physical Geology and an-
swer the questions on p. 160. ‘ P . :

A part of the Pacific' Ocean floor is portrel)led In Fig. 181 (p. 163) in Exercises in Physical
Geology. Note the numerous guyots and the distribution of the deeP trenches. Relate the
position of. the Japan Trench to your understanding of the movement of the Pacific Pjate and
answer the questions on p. 162 of ExerciseS In Physical Geology:

4 .

A carefu¥study of the western margin of the PaCific Ocean floor and the ©astern coast of Asia
reveals the striking fact that continental shelVes are most commonly M!Ssing where the im-
mediate hinterland is not only mountainous (dU€ to geologically recent Orogenic activity), but
is characterized by the presence of active, Of fécently active, volcanoés- In addition, the shelf
feature is often replaced by an elongated tr®Nch or gcean deep, lyin9 close off shore and
roughly parallel to the coast. Study pp. 45-49 in TOU (Unit 24) and sudgest an explanation -

"that ties in the concept of plate tectonics, th€ MOvement of the Pacific Plate and diractions of
‘underthrusting around the Pacific. Study Fig- 40 in ToU (Unit 24) carefully before you for-

mulate your answer.

o

Plate Boundary Studies '(Trana‘form Faults

The California San Andreas Fault is an outstdnding example of a transform fault that oftsets

the Mid-Pacific Rise (a sea floor spreadind €entre). The San FranciSco Bay area-is well

known as a city where geologic history illustrates the dramatic rapidi'y of changes in land

and sea that occur in an active belt of faultind- The geologic problems of Calitornia rg|ated to

movement along the San Andreas fault are N0t unlike potentiaf probleMs of earth movement

related to the Queen Charlotte Fault and earthQuakes ajong the PacifiC Rim of Canaga, Study

pp. 191-196 in Laboratory Studies in Earth History (Chapter 13, A Study ot C,'UStal Movement:

San Francisco Bay). A Geologic map of the San Francisco Bay area is Provided and it shows .
the trace of the San Andreas Fault. Students Should study this map and trace the San An-
dreas Fault System on the Geologic Map of North America. It illustrates @ strike-slip faylt with

right lateral movement. What implications does the movement have egarding the Pacific

Plate? Students should answer the questions 8nd study the photographs on pp. 191-196. Note

several objections to the concept of great lateral movement raised ©n p. 194, .

-

The Tectonics of North America is the subleCt of Chipter 17 (pp. 146-153) in Exercises in
Physical Geology. This is-an excellent oppOtunity for students to beCOme acquainted with
the/major structural components (greatly S'MPlified) of the North American continent and
hot they fit into the plate tectonics theory. OPportunities for distinguishing the structure and

Story of shield areas versus folded mount@n belts and rift zones aré Presented in two im-
portant maps (Figs.'167 and 168). How does th€ geology of these three subdivisions ditfer and
what implications can be drawn about the history of the North American plate?

The readings compiled by J. Tuzo Wilson " Continents Adrift (Readings from scientific
American) pro\lde exceilent supplementary Studies for students S€King to delve more
deeply into the/concept of plate tectonics. The history of the continental drift thegry would
make an excellent student report with th€ Paper entitled “Contine"fa' Drift” by J. Tuzo
Wilson, a Canadian. providing most of theé !Mportant information. .

”
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The first indications that plate motion acting against the force of grévit&-must Be pulling the
crust.down beneath the trenches and dragging sediments into the earth were presented in a
landmark paper entitled "The Trenches of the Pacific' by R.L. Figher and Roger Revelle (pp.

~10-15 in Continents Adrift). By plotting up the épicentres of pontmually occurring ear- .
.thquakes the students can document that trenches are important’zones of tectonic activity.
Have your students conduct an earthquake watch. (See 1-7 in Investigating the Earth ",

(Teacher's Guide, Part 1) where the sequence of activities is presented on pp. 49-50.,You will
need to order Epicentre Cards by writing to .thé Environmental Science Services. Ad-
tministration (ESSA) Coast and Geodetic Survey, Rockville, Maryland 20852 at least one
month prior to beginning this activity. The Epicentre Cards will list the followipg types of

data. (1) Date of earthquake (2) Greenwich Mean Time (the time at zero degrees longitude, -

the Prime Meridian (3) Latitude (4) Longitude (5) Region (geographic location of epicentre)
(6) Depth (depth of focus in kilometres (6) Magnitude (severity of earthquake on the ichter
Scale, given in Investigating the Earth, Teacher's Guude pp. 145-153._

The concept that ocean trenches and island arcs evolve into subsiding belts (sorhetimes ter-
“med geosynclnnes) and later uplifted to form mountain belts is presented in Marshall Kay's ar-
ticle “The Origin of Continents” in Continents Adritt (pp. 16-20). Other types of subsiding

belts begin with rifting and also can collect:an astonishing array of sediments and volcanic

material such as are now found along the shores of Great Slave Lake. Students can.gonstruct
a ‘collecting basin’ for sediments by using‘a variety of materials such as clay, siit,'sand,
plaster, etc. and then deform it by squeezing it together in a ‘Squeeze Box'. Later by flooding
the model with water the creating of island ‘arcs and ocean trenches becomes apparent.

The concept that the asthenosphere is at least partially molten apd that the lithosphere is
cool enough to be rigid and strong. extending to a depth of aboul 100 km, provided a new
look at the relationship between the crust of the earth and the ‘mantle’. The paper entitled
“The Plastic Layer.of the Earth’'s Mantle” by D.L. Anderson in Continents Adrift (pp. 28-35)
presents the data that confirmed that existence of a low-velocity or fluid zone beneath the

crust and upon which the plates ‘drift’ about. The concept can be demonstrated quite simply

by using soup and crackers and heating the soup to the point where convection currents rise
and force the crackers apart. Afterwards, a good lunch can be enjoyed by all.

Tear a pile cf 10 newspaper pages (at the same fime). shuffle the pages and then try to match

them up. The principle of continental fit by matching coastlines is not the only criteria to. be
used in reconstructing ancient supercontinents. The matching of.the proper pages (page
numbers have been eliminated) requires that the print be matched across the tear.’In the
same way geologists look for structural trends such as faults and fold mountain belts. that

can be traced from one continent into another after the continental margins have been

pushed together to confirm the existence of a supercontinent.

Study the fit of the continents |||ustrated on p. 56 of "The Confirmation of Continental Drift"
by P.M. Hurley in Continents Adrift. ‘Note that fivé continental blocks have been ‘fitted
together; (1) North America, (2) South America (3)'13reen|and (4) Western Europe and (5)
Africa. Trace this map onto a ditto sheet, and thén cut out the five blocks giving each student
the problem of fitting them together properly.. The teacher should trace the outline of each

- continent onto the ditto sheet in such a’way that they cannot be matched until they have

been cut out and rearranged. Students should tape or glue them down so as to reconstruct
the supercontihent to which they once be|onged -

Sea-Floor Spréading

Study pp. 19-25 in Crusty Problems (Teacher's Edition). Note that students should aIready'

have had a unit on earthquakes and know somethmg about the distribution of earthquake
foci in Benioff zones and along mid-ocean ndges and at other plate boundaries. Construct a
mode! of a continent prior to rifting and use sheets of notebook paper or construction paper
to simulate the continental plate. See actlwty 1 on p 21 of Crusty Problems (Teacher's
Edmon) .
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33;- Usi_ng\a bar magnet and two compasses simulate the Earth's magnetic field and detect the
' .. field using the compasses. Draw a line on each sheet of paper from activity 1 (above) so as to.:

mark the place of incipient rifting.”See aotivity 2 on p. 22 of Crusty Probléms (Teaqher's""" :

Edition). ¢
34, BM.‘or split, the supercontinent by placing one hand on each sheet of paper and slowly

£

. ' spreading the papers away from the center (simulating the developrment of new ocean floor -

- as happens today in the vicinity of the Red Sea). See activity 3 on.p. 22 of Crusty Problems

- .(Teather's Edition). ' - o .

35 After shading the area of paper that you have pulled out from beneath the table with a ¢rayon,
record the magnetic field as determined by the rieedles of the compasses. Mark the'direction
of polarity on the colored strip with a black felt pen. See activity 4 on p. 22 of Crusty Problems
(Teacher's Edition):, . L

e : .

36; - Turn the magrét around 180°, so that the end that was away from the paper is néw pointing

.. toward the paper. Spread the continents as previously but shade the new area a,different’

" colour and again record the direction of polarity (now reversed). See Activity 5 on p. 23 .of

Crusty Problems (Teacher's Edition). i

'

e . N R

\37. If new material is created in the sea-floor spreading centres what happens to ‘the ojd sea-
. tloor where it meets a continental boundary? Extend the paper until it reaches a simulated
subduction zone (another crack between two tables) and force it back beneath the tabke

(beneath the adjacent continent (simulating the continent with books or clay). Centinu
creating new sea-ffoor and destroying old sea-floor in the subduction zone. Pose'thr.
question about what happens to the oceanic plate where it descends beneath the continentat
lithospheric plate. Also, what types of processes operate in this zone (earthquakes, -melting,
volcanism etc.). Then pose the question about the age of the sea-floor and have students
consider the implications of oceanic plate consumption in terms of the age of the Pacific .

3 Ocean basin {for example). R :

38. Investigate features of ‘young'.fold mountains at continent/ocean boundaries. Study pp. 19-
23, TOU (Unit 26). Report on the four main processes operating at the leading edge of a con-
') tinental plate {the edge which overrides the descending oceanic plate): {1) igneous (2)
i metamorphic (3) deformational and (4) sedimentary. Figure 6 on p. 21 is an idealized section -
Shy through a destructive plate margin. Match the appropriate letter with the ‘items on the list .
{ - (TOU, unit 26). : N :

]

. . - v 4 . R
" 89. Stutdyand report on the five main lines of evidence which support the theories of continental
- d{.‘ﬁ angd. sea-floor spreading. These.are (1) topographic fit between the,continents. (2) fit of

- {gregenic belts between the continents,-(3) paleoclimatic, palge graphic and paleon-
“tological evidence. (4) paleomagnetiﬁ;enggnce. and (5).ocean floor evidence. (TOU, unit 26,
CPRTABEL o e T TRRELL P

‘40. Investigate the various types of plate margins in plate tectonic theory. (TOU, unit 26, pp. 20-
24.) According to The Open Uniigrsity, Unit 26 (Continental Movement, Sea-Floor Spreading
and Plate Tectonics, pp. 20-22) there are four main types of plate margin. These are: (1) con-
structive or oceanic ridgs margins, {2) destructive margins df coastal'mountain range and
island arc type [B.C. in the Cretaceous). (3) destructive margins of intracontinental type, dnd
(4) conservatime margins [B.C. today]. See if you can select from the array of features listed

) on p. 23 (TOU, unit 26) those that match the first three types of margin listed. -Answers are

. listed on p. 24. . - ‘

37.
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41, Investigate and road soverai papers about the causes of ptate motlon {TOU, #hit 26, pp. 24-

. 28.)°The two main: theorigs aré: (1) ¢onvection currents throughout ‘the mant and (2) con-
iv -, veotion currenta In the~ rpw-veloclty zone only. ' . ‘

: ) 42.' ‘lrwootlgqq tho ovldonoe for plate tectonic theory and then answer the solt-aeseumont
e _queattons presented on pp. 30-31 of TOU unit 26, ‘ o
' 43, Examlne an lilustration (such as the one in question 7, p. 33, TOU, unit 26) which shows the
topographic profile-.of an ocean floor, ‘together with the magnetic anomaly profile. The
~ 8nomalies are arbltrarily labelied from left to right. How would you interpret this information?
: o hdlcate whether the possibilities given below are likely to be true or faise (see quéstion 7,
s TOU, unit 26, p. 33). .
e , 44. Examine the poiar wandering curve for two hypothetical Contlnents When' dld they begln to
drift apart? (See gquestion 8, TOU unit 26, p. 33.) , -

45, Examlne a diagranr which shows the magnetic. anomaly proﬂles for the South Atlantlc and
* the South Pacific. The anomaliy pattern for the Atiantic has dates (In Ma) indicated on It;
correlate It with the South Pacitic profile and work out the spreading rate of the South Pacific

. during: (a) the iast 20 Ma and (b) the perlod 20-60 Ma ago (See questlon 9, TOU, unit 26, p.
. - 34) .

_ Investlgafe aii the criteria that enable Africa to be matched to South America In the. conCept )

. v ot continental drift. The six criteria are: (1) extent of continental sheif and coastiine fit. (2

’ distribution. of cratons and orogenic belts. (3) “extent of ice cap 250 Ma ago (durlng the

Permo-Carboniferous glaciation, (4) sequence of rocks jaid down between 120 Ma and 80 Ma

, (Jurassic and Cretaceous), (5) palaeomagnetic data and (8) ocean fioor age. Ali data Is con-

= cisely presented on pp. 16-18 .of The Open Unlverslty (Unit 25) entitied “Contlnental
movement, Sea- Floor Spreadmg and Plate Tectonics.”

. ‘ 46. Construct:a drawing to scale of the mtenor of the earth. showmg the prlnclple Subdlvlslon
: Use graph paper and a compass. Colour the varlous zones and Iabel caretully

£

—
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;Part il - Struotural Fostures - o < S S R
. The studont should be able to: ’ v Ly _ g -
* 1. Fin and mecuure ‘the drﬁ and smke of an ouhrop P o L
(Actsvity #15 18, 18) T )
" 2 Dmgram or map the subsurface structures rmixcated by the dxp and smke of an outcrop Cah
' e S S Y
o . ¥ . . . .
(Activity #1,2,3,7 89, 100 11, 12, 15, 18) ' : .
o * 3 »Name zmd dxagram a.nnclmal “monoclinal, syhclinal and plunging folds o NETEE ~_ :
' o - C PR : o A
o 4 P B ' L O . . o + - ; o«
(Activity #1 2, 15,16, 18) S - \
* 4 Idennfy the various types af folds from maps and outcrops. o » S - s 7.
,. . ~‘ L -I..' s “’;_. . . ;_. ' ~_ ! ':" . LY .
(Actlvity #1 3,67, 8 9, .-10 11 12. 15, 16 17 18)
s * 5 Descrxbe the envtrqnmengs of formahon for the various types of, folds _
(Actwny #5, 13 14) R N - o o
-t~ : ;
6. Name and d.mgmm nurmal reverse thrust, sirike- sItp and transform faults
Cre "d- sy . ) . - [
. , «
(Activity #15, 16; See also"Part |, Activity #17) .
ﬁ, . . v .i "
7. Identify the various Fypes of faults from maps or in the field. ' . . : : __:-"‘;f_"""
: N o ) " -
4 & (Activity #3, 7, 8, 11 12, 15, 16)
W Tel o . » . oy
% 8. Describe the environments of formation for the vanious types of faults. o -
(Activity #5, 13, 14, 15, 16) oo . P
* 9. Identify and describe the various forms of unconformity. o o ‘ ,
(Actwuty #15,.16, 17; See also Sectlon B, Part 1, Activity #22 and Section B, Part H Actwny fno)!
#14,. 16) . B RS
. Y o -2 » \ . ‘5) ~" Ce )
- ) "Qzl : , .
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PETEET 10,.5 Suggest methods of formation for each tjpe of unconformity. " e ’ 2
o 1 . SN ) o . —
‘v‘ o™ .
PR _(Activ'ity. See Section B, Part |, Activity #22 and Section B. Part I, Activity #14, 16)’
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1. Long, L.E...1974, Gcology Chapter 1 — The ‘Grand Synthesls Introductlon (pp 322- 353) "
2. Gilluly, James. et al., 1975, Principles of Geology. Chapter 5 — The Tools of Geology —
o Geologlc Maps (pp. 50 73)
3. Stokes. W.L., 1973, Essurlmls of Earth History. Chapter 8 — Structure and Mechamcs of the -
Earth (pp. 168- 189) co : .
4. AGI, Investxqanng the Earth. 1973. Chapter 11 — Mountams from the Sea (pp. 233-258).
.
& . 5. AGI, lnveenqmmq the Earth. 1973, Teacher's Guide. Chapter 11— Mountams from the Sea (pp !
. - 122-133).
‘ K ) N 7
6. ISCS. Crusty Problems. Teacher's Edition. Chapter 2 — The Mountains (pp. 27-100).
7. Continenls Adriﬂ Paper 13 — Geosynclines, Mountains, and Continent-BuiIding (pp. 124-132).
8. The Open University (TOU) — Major Features of the Earth’s Surface, Continental Movement, Sea- .
Floor Spreading and Plate Tectonics (Umts 24 and 25). Appendux 2 — Geologlcal Structures (pp.
52-57).
9. "Hamblin, W K. and Howard, J.D., Exercises in Physical Geologt} (4th ed.), Chapter 16 — Geologic
’ Maps (pp 118- 145) Chapter 17 — Tectonics of North America (pp. 146-153).
10. Brice, J.C. and Levin, H.L., Laboratory Studies in Earth Hmtorv (LSEH). Chapter 6 — Inferences - .
- from Geologic Maps (pp. 65-74). Chapter 11 — A Study of Folded Strata: The Arbuckle Moun- )t
tains (pp. 167-173). Chapter 8 — Geologic Provinces (pp. 133-142). v
11, Janes, JR., 1976, Geology and the New Global Tectonics. '
12, AGH, Gmluqy and Earth Sciences Sourcebook for Elementary and Secondary Schools. Chapter 4 — -
Mountain Building and ﬁock Deformation (pp. 99 113). G 8
Activities. and Investigations
Geoiogic Structures ‘ , a
1. Study illustrations, slides, filmstrips and models of the folloWing structures: (1) symmetric an® .
ticline, (2) symmetric-syncline, (3) asymmetric fold, (4) recumbent fold. (5) recumbent fold and .
. thrust, (6) normal fault (7) reversed fault (8) thrust fault (9) right |ateral or dextral fault, (10) left , ~ &
lateral or sinistral fault. Then study the coloured photos in pIate B of TOU (unit 25, p.’57)- '
without consulting the descriptions! Write down the names of -the structures illusttated, and e
then consult the descrrptnons to check if you identified them correctly. ’ K SE R
lf ¥
2. Construct models of eather paper or clay to illustrate several types of geologlc structure. =~ 4
3. qu examples of each of the geologic structures indicated |rffa\||vny number 1 on a
Geologlc Map of British Columbia or of North America. f S
[3 : -
Note: The followmg -activities are from Geology and Earth Sciences 30urcébook for EIOmontqry
~ and Secondary-Schools. (GESSESS) (Actrvmes 4.6, and 6) ‘ ' S
} : .
. ) ) S . ‘,' B . fu . r‘
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4™ the load of sediments increases, the rocks beneath dre depressed. See experiment 1 for
derionstration of isostasy. GESSESS (pp. 108-110). o :

*. .
5. Experiment with sand “'squeeze boxes", buckling pads of pa or simply wrinkling a rug by
- pushing on one side cause features to develop similar to the ¥Wlds and thrusts of the moun-
tain belts. GESSESS (pp. 110-112). ‘ : ©

8. The !dtl:t that as many as 15 200 m of sediments were deposited in water, which generally was
_ nomore than 300 m deep, indicates a close balance between rate of subsidence and rate of
" sedimemation. Sedimentary.rocks in geosynclines are-commonly in two paral}'el belts. The
sediments of the bélt closer to the continent are the result of erosion from the continent and
are‘mostly clay, silt, sand, lime muds, and reef-building materiais. The offshore belt is charac-
terized by unsorted layers, submarine lava flows, and other matexjals from oftshore volcanic
islands and their foundation rocks (granite, gneiss, schist, et¢.). On a sketch.map of British
Columbia show the locatiun’ of the major geosynclines of M@Sozoic age. Chapter VIl —
Geology of Western Canada in Geology and Economic Minerals of Canada. One geosyncline
" of Mesozoic age is termed the Tyaughton Trough and trended northwest along the Fraser
River from the International Border to the vicinity of Quesnel. Another was located in the
Rocky Mountain area (the Cordilleran Geosyncline) and a third was situated in the Van-
couver Island-Queen Charlotte Islands area (the Insular Trough). -

7. Study Fig. VI11-38 (p. 450) in Geology and Economic Minerals of Canada. The figure is en-
titled “'Structure-section through southern Cordilleran Orogen” Profile A-A" extends through
the Western:Cordilleran Fold Belt (Vancouver Island, Georgia Basin, Coast Plutonic Complex
and Cascade Fold Belt) to the Eastern Cordilleran Fold Belt,(Shuswap Metamorphic Com-
plex, Selkirk Fan Axis and Rocky Mountain Trench, Purceil Anticlinorium, and the Rocky
Mountains). Find the following structures along Profile A-A’: a pluton, fold mountain belt,
metamorphic complex, thrust faults, anticline, syncline, normal fault, reverse fault and over-

turned fold. . - :

TN

f In the enlargéd section through the Selkirk Mountains and Rocky Mountains locate the
following structures: high grade metamorphic terrain (with garnets), high angle thrust faults,
(& low angle thrust faults (overthrusts), faulted anticline, syncline and overturned fold.

-~

9. Where are the oldest rocks located along'pr"ofile C-C'? Where are they closest to the surface
(area.of maximum uplift)?

10. The Archean and/or Aphebian rocks are the oldest Precambrian rocks shown on the profile

.7 C-C'. If one were to drill a hole through the crust in the Selkirk Mountains,-how deep would
7 you have to drill to reach the Archean rocks? What about the Foothills belt, how deep would
you have to dgill there to reach the Archean rocks? The Archean rocks represent the
basement complex of the North American continent.

11. Contrast and compare thés.giiﬁicxure of Vancouver Island with that of the Georgia Baéin. (See
profile A-A’ in Figure W11-38 of Geology and Economic Minerals of Canada, p. 450.)
R :

12. The newest map showing’the geology of British Colutbia is available.from The Geological
. Survey of Canada (100 West Pender Street, Vancouver, B.C:). It was prepared to accompany
? C.I.MWM. Special Volume 15, Porphyry Deposits of the Canadian .Cordillera. The Geologic

map is sold separately for $5 and comes with. an overlay entitled “‘Faults, Porphyry Deposits
and Showings, and Tectonic Belts of the Canadian Cordillera.” .

13. Investigate wedge-shaped mountains and uplift by faulting. Reqﬁired: 4 strips of modelling
clay, 10 cm x 3 cm x 1 cm. in 2 different colours (2 of each colour) knife, 2 rulers or thin
blocks of wood. Activities 1-4 (Crusty Problems, Teacher's Edition). See pp. 80-82.

~

14, Uplift of mountains due to folding. Same equipment list as for Activity 13 above plus sheet of
. paper. According to this theory the crust is pushed up to form mountains as a result of
collision of plates drifting about on a fluid zone at thé .top of the mantle. Collision causes
pressure resulting in folding of the crust. Activities 1-4 (Crusty Problems, Teacher's Edition).
See pp. 83-85. : C *

41.
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15. Do the exercises in Chapter 6 {Inferences from Geologic Maps) ot Laboratory Studies in °*
'Earth History (pp. 65-70).

16. Investlgate the outcrop patterns of major structural teatures. Chapter 16 (Geologic Maps) in
* Exerclises in Physical Goology {4th edition).

17. Study the geologma] structures illustrated by colour photos in Plate B, (Unit 24) of the Open
University, + Major . Features of the Earth's Surface Continental Movement, Sea-Floor

. “Spreading and Plate Tectonics. (p. 57). Cover up the captions and see how many of the
structures you can identify.

- 18. Sketch from memory the following geologic structures: anticline, syncline, ‘'normal fault,
thrust tault, overthrust fault. Now take a walk in the mountains and look for some of these
structures.

Part Il — Earthquakes
The student should be able to:

* 1. Suggest several methods of earthquake generation.

(Activity #2, 13, 14) ~

* .2, Describe the effects of earthquakes on” various environments.

(Activity #7, 8, 9, 14, 15, 16, 17, 20, 22, 25, 26, 27, 28, 29)

* 3. Discuss the Richter scale and other methods of measuring earthquake magnitude.

]

(Activity #21, 23)

SN
”

* 4. Construct and explain in the functioning of a simple seismograph.
3
(Activity #1. 3. 4,10, 11, 12)

* 5. Name and describe the different types of carthquake waves,

(Activity #2, 3. 4,10, 11,12, 17)

* 6. Relate methods developed in forecasting carthquakes and preventive measures to be taken to lessen
damayge and imjury.

(Activity #5, 15. 16, 20. 21, 26)

42.
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Activities and Investigations

/”\

Note:

Earth Structure/Earthquakes ¢

-

fnvestigating the inside of a sphere (Investigation 13-1, p. 280. Investigatirg the Earth). The
hidden interior of an object can be studied without seeing or sampling it. The student is given
two sphergs of identical size and mass. one with mass uniformly distributed, the other with
mass concentrated toward the surface. (The Sphere Dynamics Kit is an ESCP investigation
and the materials can be obtained from Hubbard Scientific Company or Arbor Scientific
Company — distributor for Ward's in Canada.) Unless the student cuts the spheres open he
must rely on differences in the spheres' behaviour in order to make an educated guess as to
their interior differences. Success in this investigation should provide insight into how scien-
tists investigate the interior of the earth. (Investigating the Earth, Teacher's Guide, pp. 145-
146.) ’ )

Go outside and place your ear against the building. Listen to the sound made by another
student who hits, the walt with a board. Describe what you hear. Do sound waves-travel taster
through -the building or through the air?

Investigating the epicentre of an earthquake (Investigation 13-4, pp. 283-285, Investigating
the Earth) The seismic waves generated during an earthquake provide a powerful and
penetrating means for making inferences about the earth’s interior. In this investigation, th-
student develops the means to determine the origin and arrival times of earthquake waves. In
dealing with waves as they affect the surface of the earth, the student shouid gain greater un-
derstanding of the action of waves under the surface. The materials required for each group
of two people include graph paper, a 20 cm diameter globe, marking crayons, and string. (In-
vestigating the Earth, Teacher's Guide, pp. 147-148.)

Construct a drawing to scale of the interior of the earth showing the principal subdivisions.
Use graph paper and a compass. Colour the various zones and label carefully.

The most important recent article on the subject is entitled "Earthquake Prediction” by Frank
Press (Scientific American. May 1975, pp. 14-23). With the advent of the theory of plate tec-
tonics the distribution of earthquake belts around the world became understandable. The
student should select three or four methods that have been successful -in predicting ear-
thquakes and present them to the class or prepare a written report by consulting a few ad-
ditional references. Another good source of information is the text entitled “Earth’” by Frank
Press and Raymond Siever, published by W.H. Freeman (1974). See pp. 5. 31, 594:595, 654-
655 What atterhpts have been made to predict earthquakes in Canada? Perhaps a student
will wish to communicate with Dr. John H. Hodgson, Chief, Division of Seismology. Dominion
Observatory. Ottawa or Dr. W.G. Milne. Dominion Observatory. Victoria. Both have published
extensively on earthquakes in Canada. "Earthquakes and Earth Structure” by J.H. Hodgson
(Prentice-Hall. Inc.. 1964) has an excellent summary of the topic in Chapter 5 (What Can We
Do About Earthquakes?) and includes maps showing earthquakes of western Canada and
eastern Canada as well as other information about Canada's earthquakes on pp. 5. 7. 9. 21,
36. 45, 64. B0. 133-135. 138, 144 and 159.

Investigate how earthquake waves were used to detect the |ow velocity zone of the Earth's
subsurface. a critical piece of evidence for the plate tectonic theory. Read the article entitled
“The Plastic Layer of the Earth's Mantle” by D.L. Anderson in Continents Adrift (pp. 28-35).

The following activities are from Geology and Earth Sciences Sourcebook for Elementary
and Secondary Schools. .

The best introduction to the subject is to experience an earthquake. For those who live in
regions where earthquakes are rare. the introduction can be strengthened by using a
newspaper account of a recent shock. The teacher can also use descriptions of famous ear-
thquakes of the past

Vibrations from passing heavy trucks produce sensations not uniike those of some minor
shocks.

’
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11.

12.

13.

14.

15.

16

17.

-

During discussion develop with the puplls a list of 'superstitions regardmg earthquakes Seek
to'project their thinking into the past so tha} they, understand that these ideas were based an
i the limited knowledge of the time. The teacher may need to supply ideas from.the basic list.

R

The student may interview friends and relatives for the causes and explanations .of ear~ g

thquakes, some of which will not differ appreciably from primitive superstitions.

Collect and present pictures.of earthquake damage’. Have students read accounts of famous
-earthquakes, such as the San Francisco earthquake of 1906, the Tokyo earthquake of 1923
and Alaska's Good Friday earthquake of 1964 .

Display illustrations of a sersmograph and se|smogram A sensmogréph is aninstrument con-
structed to measure earth tremors. Such movements are recorded by detecting the motion of
the ground relative to a suspended mass. such as a pendulum.

Demonstration of the principle of the seismograph. N
. ~

a. Construct a pendulum by hanging a plumb-bob from a supporting frame.
Use a 60 cm length of string and let the pendulum swing from side to side.

¢c. Determine the approximate period (time for a complete swing to and fro) by counting the

numbetr of swings in 10 seconds.

"d. - Move the support holding the pendulum at a much greater speed than the natural swing
of the pendulum Note that the bob remains flxed in space. -

Demonstration of a horizontal seisnfograph. ‘Make a horizontal setsmbgraph.

Bend a metrestick or similar strip of wood until it breaks. Cail attention to the sudden release
of energy when the metrestick snaps. Place the ends of a metrestick on its side edge, in C-
clamps on a table. Hold one of the clamps in position and move the other one along the table
until the stick snaps. Note the position of the broken metrestick after the break.

Build two identical model buildings with plastic toy bricks. The walls should be at least 10 cm
high. Place chimneys on one building. Be sure the roof is attached to the walls of each
model. Shake the table lightly and observe the behaviour of the bulldlngs and decorations.
Continue the artificial shock until the buildings are shaken down. Record your observatlons
noting any similarities or differences in the models. ‘

Starting again with the identical model buildings. construct one on a foundation of sand or
clay at least half as deep as the building is tall. and construct the other on the hard tabletop.
Tape the second building to the tabletop. The buildings now simulate construction on till and
on bedrock Shake the table and record your observations. as in the previous experiments.

Finally. build two identical model buildings with plastic toy bricks. and place horizontal
stringers across both buildings extending from wall to wall. Anchor the stringers to the walls
of one building with tape Shake the table and observe which building withstands the ear-
thquake better. Notice which parts of each structure withstand the shock best.

Earthquake waves follow closely a weli-established timetable from the focus out to a
distance of 11 200 km or about 100 degrees of arc. Beyond 11 200 km, both the P waves and
the S waves disappear The,P waves reappear again at about 143 degrees from the source.
but non-reflected S waves are not recorded by seismographs on the side of the earth op-
posite to its focus.

Bunld a model of the ‘earth’'s internal structure to show the crust, mantle. core and inner core.
Using .plastic clay of different colours, place concentric rings on the board indicating dif-
ferent layers of material within the earth. Label the rings by making flags of paper triangles
attached to toothpicks
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19.

20.
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22.

23

24

26

27

’

Altematlvely, make a small ball of plastic clay of one colour (3 cm in diametér). Cover it with
successive Iayers of plastlc clay, using different colour for each earth layer. Gut through the
clay'with a sharp knife or-razor blade takingsout a section. Label the layers with paper flags
attached to toothpicks.

The behaviour of earth materials that break and generate earthquake waves, yet flow over

long intervals of time (for example, in mountain building) can be represented crudely. but in-
formatively with “'Silly Putty”. The putty can be bounced on the floor, yet it can be per-
manently deformed by slowly but firmly pushing or pulling it, or by allowing it to deform under
its own weight during a ¢lassroom session. The putty fractures, if it is jerked or struc% sud-
den. sharp blow. ] . N

R %
)

Have students read accounts of tsunamis of the past, and have a pupil report on the Hawauan

warning system. (Within 15 minutés enough earthwaves from an Aleutian quake reach Hawaii |

to permit computation of distance. A tsunami. if started by the same quake, takes 4 /2 hours
to reach Hawaii's shores.) . :

Have the students assemble data on the amount of energy involved in natural and artificial
processes A good compilation appears in the ilfustration on the bottom of pages 14 and 15 in
the volume on Energy, Life Science Lnbrery A963. This is a good opportunity to discuss the
concept of energy and how the concepf can be used in analyzing how phys1ca| systems work.

- Go -over the modified Mercalli Intensity Scale. .

Study $%eismic risk map ot Canada and note the area of British Columbia |ncluded in the

' hugh risk belt. The summer (1976) issue of GEO§,magaZ|ne inclydes an article entitled “Ear-

thquake — Studies ‘of the Seismic Risk in British Columbia’ by W.G..Milne and shows the:.
Seismic Zoning Map of Canada. GEOS is available free of charge tg teachers from Editor,
GEOS. Energy. Mines and Resources, 588 Booth Street, Ottawa: Ontario K1A 0E4 and copies
of this articie are distributed without charge on request "But don’t wait too long to ask for
your copy!

Have students obtain information on major earthquakes which have occurred in Canada. Plot
on a map the epicentres for each of these quakes. Discuss structural stabi)ity of each epicen-
tre area 3o

. g - .
Have students plot on a world map major volcanic areas and major aréas of earthquaké oc-
currence Discuss their relationship to plate tectonic theory.

Describe the experiences one might encounter during an earthquake using data obtained
from past earthquakes in your area

Make a map of the areas of fill in your tocal school district. Note whether any large structures
have been constructed on deposits of fill. Invite a structural engineer to discuss the Building
Code of Canada and the precautions that are taken to construct high buildings to resist ear-
thquake damage

’

\

Study a geologic map of British Columbia and note the presence of the Queen Charlotte
Fadlt. This fault 1s an extensjon of the San Andreas fault system of California. The ear-
thquakes under the ocean west of the populated area of southern Brmsh Columbia are
usually not a threat to the well-being of people. but. farther north! the major earthquake of
1949 shook the Queen Charlotte Islands very severely. It is an examplé of the large ear-
thquakes that tend to be associated with transform faults. The 1949 earthquake generated
long period waves of sufficient strength that chandeliers in Jasper, Alberta, were caused to
swing and-a surveyor in the Arctic and an astronomer in Ottawa found it difficult. if not im-
possible. to keep their telescopes trained upon a fixed star during the passage of these great
earthwaves '



29.

Study the severe earthquakes that have affected the west coast of Vancouver Island. An ear-
thquake there in 1918 was felt over a large region. Lesser versions of this event occurred in
1957 and 1972. Earthquakes, so far of a moderate size, in the San Juan and Gulf Islands area
of the southern Strait of Georgia shook Vancouver and Victoria in 1909\and 1920, and.to a
much lesser degree shake the area more or less annually. On June 23, 194\6 at about 10:15
on a Sunday morning a severe earthquake occurred at the north end of the’ %ulf of Georgia
near Courtenay and indirectly caused the loss of one life and much property amage. It was
felt strongly as far away as Victoria. Talk to local residents that might have experienced
some ‘of these earthquakes or look at old newspaper clippings and find out what happened in
your area.

Investlgate seusmnc risk in the Fraser Valley of British Columbia. An earthquake in 1872
severely shook the whole lower Fraser River area and in fact was felt strongly as far notth as:
Quesnel. The exact location or size of the event has not been accurately determined, but it
must be ranked.as a major earthquake with an epicentre east of the Vancouver region and

possible south of the forty-ninth paranek What effect would such an earthquake have in the
Fraser Valley today? i

»
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- HSIORICAL GEOLOY

. LEARNING OUTCOMES AND SUGGESTED ACTIVITIES

Time & Measurement of Time “
- The Fossil Record ’
12 Interpreting the Geological Record

Teacher Resource Material is indicated by number in the parentheses following most Learning
Outeomes. Details regarding references, activities and investigations follow the respective sec-
tious of the Geology 12 course. (These are suggested activities only and may be used at the

discretion of the teacher.)
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ORI GEOLOGY

i _,. One of the chief contribﬁtidns by Geology to philosophy and science has been the concept of the
» immensity- of time. Therefore it is important for students to be aware of the methods ot measuring
- time, and of the vast scale of time necessary for Earth History to unfold.

L (
*  LEARNING OUTCOMES ' |

The student should be able to:
. , * 1. Explain how the half-life of a radioactive element is used in estimating age of rock, fos_sfl, or artifact.

_— (Activity #8. 9, 10, 15, 21, 29, 33)

e 2. Use a half life graph to compute the age of a specimen, given the necessary data.

(Activity #9, 21, 29)

- %, 3. Recount assumptions made in calculé!ing ages by radioactive dating.

LGN
.' N
(Activity #8, 9, 10, 21, 29, 33)
"sw 4. Deduce relative ages of strata, dikes, intrusions using principles:of cross-cutting and superposition.
\,‘&(.] '
? (Activity #5. 6. 20, 23, 24, 25, 37; Reference #4)
} | -
E 5. Discuss critically the various methods (historically) used to calcdiate the ages of the earth.
3
5
J
£

16, 22, 23, 24, 25, 26, 27, 28, 34, 35, 37)

in billions of years events sich as:

— Man appeared

— Pleistocene Glaciation

— Pacific Coast Orogeny
— Rocky Mountain Orogeny
— Appalachian Orogeny

ot

, 13, 14, 16, 17, 18, 23, 25, 27, 34, 36, 37, 38)

51.
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" References ' ' \

8. Discuss',fhe m_éfhods’u'sed fq' determine the relative ages of fossils. _
(Activity #10, 11; 13, 14, 35, 37, 39) o

- A

1. vJackson J.H., and Evans, E.D., 1973, Spaceshrp Earth — Earrh Science (Teachpr s Edition). Chap-
ter 16 — Geologic Time (pp. 461-488). '

¢
'

2. Intermedlate Science Curriculum Study, 1972, Crusfy Problems — Probmg the Natural World
(Teacher’s Edition). Silver Burdett, General Learning Corp. Chapter 1 —Unit2 — Rock.‘Layers.,
Fossils, and Contlnental ant (pp. 14-16). o

oy -

3. Long. L.E., 1974, Geology, Chapter 8 — Life and Tume (pp. 196- 2255 R

4. Stokes, W L., 1973, Essentials of Earth Htsfory Chapter 2 — Time and Its Measurement (pp 12-
33). . , "

5. Janes, J. R 1976, Geology and the New Global Tectomcs, Chapter M — Tlme and the' Fossil
Record (pp. 325-368).

. 6. American Geological Institute, 1973, Investigating fhe Edrth (Revused Edntion) Houghton M|ff||n |
Company, Chapter 15 — Measuring Tnme (pp. 323-342), e

7. Gilluly, James, Waters, A.C., and Woodford, A.O., 1974, Principles ofGeology (4th Edltlon) W.H.
.Freeman and Company, Chapter 7 — Fossils, Strata. and Time.

8.. American Geological Institute, 1973, Teacher’s Guide, Investigating the Earth, Houghton Mifflin
Company. Chapter 15 — Measuring Time (pp. 168-177).

9. 'Brice, J.C., and Levin, H.L., 1969, Laboratory Studies in Earth History, Wm. c. Brown Co., Chap--
ter 5 — Time Sequence of Events (pp 49-64).

10. Continents Adrift, Readings from Sclentlflc Amerfcan 1970, Paper 12 — Contlnental Drift and
Evolution (pp. 114 123). '

Addltlonal Referenceo

11. Eicher, D.L., 1968 Geoloqrc Time, Prentlce-HaII Inc., 150 pages.
12. Eisbacher. Gerhard, 1973, VanCouvcr Geology, Geological Association of Canada, 56 pages.

Activities and Investlgations _ .- o
1. ;[v: you ever seen a million of anythmg? Count sand grains and see how blg a pile

000 000 grains would be. Do this by sampling rather than actuaI counting. Count the grains
in one ml and extrapolate (Reference 1, p. 461). 3
2. How many I|fet|mes are there in 1000 000 years? (Reference 1, p. 461).

3. How many copies of a ditto sheet (use a master ditto sheet and run off part of the requnred
number) filled wnth asterrsks would/you need-to have 1 000 000 asterisks? (Reference 1, p.
461). . t .

-
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How could a bur‘glartell that the owner of a house‘has been. away for almost a week?

(Reterence 1, p. 462). This lllustrates an indirect method of measurlng time, a common prac-
~ tise in geology .

lllustrate a method of measuring time indirectly by etudying varves. (Reference 1, p. 463-)
lllustrate a method by which trees can be used to place events in tlme (Reference 1, p 464-
467) b :

If you were locked in a room with no windows (but plenty of air, food and water), how could
you measure the passage of time so that you would know the day of the week when you
would flnally be ‘let out? (Reference 1, p. 468).

Two kinds of carbon can be found in wood. The main type is called carbon-12, and the other

kind is called carbon-14. Discuss the difference between these two kinds of carbon and .
illustrate how the ratio of the two types of carbon can be used to determine the absolute date

of organlc material. (Refergnce 1, p. 468-471).

4

.

Uranlum can be used for dating. .Demonstrate a Geiger counter on a rock that contains _

“radioactiye minerals such as uranium, which decays in steps. Geologists can tell the “dif- ,

terence between lead that came from uranium and lead that was there all the time, because
the weights are different. List sorhe radioactive materials and indicate how the decay of one

. of these substances can be used to determine the age of a rock. (Reference 1 pp. 472-474).

. What methods could be used to date a series of ob;ects such as.(a) a wooden mummy case

from Egypt (b) a fossil fern:found in shale, (c) a mammoth found frozen.in a’glacier, {d) coal
found in Antarctica, (e) a very old sequoia tree, () a spear point from a prehistoric campfire,
(9)a “flre-arrow oldest known Chinese gun and (h) moon rock? (Reference 4 op 475)

'-:«'P.‘
Both fosslls and mountain building can be put on a kind of geologlc ca'lendar called a ﬁ‘**w S

geologic time scale or geologic column. To make a calendar of your own, you will need a
potrestick and a strip of adding machine tape § metres long. If you have-coloured pencils
erq for marking. (Reference 1, pp. 474:478).

-~

old newspapernailed between the walls o A
? (Referengaffl, pp: 478-479). ,f
f ~V

Once y B8 corfipleted your calenddfyo ' \
- i.rock layer with a fossil gl
wh. (Reterence 1. pp. 4481

Me. cquld you tell when the

ke sohael news

a79). ﬂ‘

/|
- Use your calendar to figu -l JANEG f'the cartoory

newspaper (such as the dhe'i

WY of it at once,
even |f the very first man to wik, ¥rée’ and measure t
very l|ttle of the earth's histo .
= )\

Your school may have a stalrway \ of teps from the bottom /4///“

and determine how much:-time yo ! ybuld pass ‘\l u\\’\ alking up the stairs if eg
represented an equal percentage ¢ Ahe total agy e -' h (about 5 billion years). |
appearance of man with a plece ot maskipg tape 0 fhe appropnate step




19. Given a cross-section of a tree can you determme when the tree was cut dOWn? (Reference ‘
‘ 1, p. 484).

20. f you were given a varve sequence in which the oldest varve had been dated, would you be
" - able to date a fragment of bone found somewhere in the middle of the section? Students = .
could be given 3uch a drawrng and asked fo determme the age of the bone. (Reference 1, pP.
484-485) . Lo
21, A flood washed an old Iog 0ut of ariver hank. It stwuld contain 0 28 grams of tarbpn-14 if the
. . {og were still alive. Geiger counter readings showed that the log contained 0035 grams of -
. .- carbon-14. How old was the log? (Reference 1, p. 484). : , SR

'22. An introduction to a unit on the measurement of time might include the foIIowrng exercrse
.Use any method you can think of, except your watch, to determine the duration of a five-
minute period. Cover all clocks and watches in the room. Choose one student to be a
timekeeper. The trmekeeper will place a mark on the blackboard when you are to start to
"measure a five-minute perlod of time. When you think five-minutes have passed signai the
timekeeper. The timekeepet ‘will make a mark each time someone signals and the teacher
will record the actual time each student stands (if posstble) Reference 6, p. 324) '

23. You can mark the passage of trme by relating it to a series of events. Ty is termed relatrve"' :
time. List four events of your past life. Put the most recent event at the top of your list. Now
add to your list the events that one or two of your classmates listed. Try to place all of these

- events in the order they happened. (Reference 6,.p. 324)
. 24, Show students illusirations such as are deprcted on p 326 of vestrgatrng the Earth (Révrsed '
Edition). See if you can find signs of changes that have happened in the: recent past. <
(Reference 6. pp. 326-327). . . N

-

25. In a time-ordered sequence of v vents, event A happened before. event B, which_in turn hapb-
pened before event C. Event D..however, happened before event B, but after event A. Can you
represent these events in their proper order. (Reference 6, p. 327).. Answers for |nvest|gat|ons
numbers 25-28 are given in Reference 8. : . ),\ '

26. ‘Can you think of any event{ that do not involve change? (Referece 6, p. 327).

27. Why is it important that earth scientists be ab1e to determine relative arid measured geologic . )
¢ time? (Reference 6. p. 327). o

28. How would you define time? (Reterence 6, p. 327).

29. Obtain a small amount of uranium ore or a spécimen- ot'éramum -bearing mineral from your
% teacher and place it in a cloud.chamber. A gloud chambencan be obtained from Arbor Screng
= tific Ltd.. Box 113, Port Credit, Ontario. The chamber consists Qf a clear plastic dish-about the '
size of-a cottage cheese container and lined at the top with afoh strip. The covered chamber -
is set on dry ice until the alcohol saturated felt strip’'produces a vapor. In the dakk using the BRI
_beam of a flashlight the students can see the track of beta parttcles emittad from a piece of -
radioactive ore. (Reference 6. p. 59). . L

30. On a hot day we can observe a shrmmerrng effect that extends upward above pavement or
soil. These are popularly called "heat waves'. What produces the shlmmermg effect?
(Reference 6. p. 59).
. ! ‘

31. ’What happens$ to the enormous amount of the sun’s radiam energy that does not strike the . .

" earth? (Reference 6. p. 59). . SR

- .. s

" 32, What are the various.sources of energy received by the earth's surface? (Reference 6, p. 59).
. . o _ ’
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-33. All th,e‘chlgi of radioactive elements do not decay at the same time. The decay process in- - .
volves chance. Aithough atoms cannot avoid decay, it is impossible to tell when it will hap- -

‘pen for any particular nucleus. Since even a small samplg ot a radioactive element contains
bitlions of atoms, the average rate of decay can be determined. To illustrate:the concept-of =

half-life you can develop a simple model illustrating probability in radioactive decay. |

» (Reference 6, pp. 328-329). g ;

34. ‘Were the earliest methods of classifying geologic time relative or measured? Why were such :)
methods used? (Reference 6. p. 339). ) ‘ : ' L :

35. How does the correlation of fossil species relate to the development of a Geologic Time
Scale? (Reference 6, p. 339) A . ' '

36. How couid you develop a Geologic Time Scale for your local area if one were not available?
(Reference 6. p. 339). '

37. Study an outcrop near your school and determine the sequence of sediments present there.
Determine the relative age of the different beds and discuss the problems of measuring the
exact age of each bed in years. L ) -

38. The magnetized bodies in the ocean floor have provided an amazingly complete history’ of
magnetic-field reversals that now extends back about 76 million years, .into the Cretaceous
period. The classic paper on thig subject is one entitied Reversals of the Earth’s Magnetic Field
by Allan Cox, G. Brent .Dalrymple‘ and Richard R. Doeli (Scientific American, February 1967).
By comparing the ages they assigned to specific reversals ot the geomagnetic field with the-
distance of the corresponding angmalies from the ridge axis it is possible to determine the
rate at which the sea-tloor has' spread in the various oceans. Study the pattern of segftloor
spreading shown on pp 72-73 of an articie entitied Sea-Floor Spreading by J.R. Heirtzler in Con-
tinents Adrift (Reference 10..pp 68-78). Using the time scale given on p. 75 (Reference 10)
determine the age of the following events (a) birth ot iceland, (b) opening of the Gulf of Aden,
(c) senaration of Austrahia from Antartica. (d) separation of New Zealand from Antarctica. (e)
separation of South America from Africa and (f) separation of North America from Eurasia.
‘Reference 10 pp 68-78). ' -

39 Cneoihal deve‘iopment ot the Gecloaqic Time’'Scale was based on the fossil record. It clearly ...
. .ned that there were pennoly 0t tme characterized by the abrupt multiplication and diver-
ansnon L certain ammal 1na/oint grouws. it isnow thoughtvthat continental drift played an
mport Nt role In explaining fpés phenomencon. The age of{_ﬂéptiles. for example, Ias'ted_QQ_O
mitlion vears and gaveTse—fo only 20 reptihan orders. oF 'major groups of reptiles. On the
nther 1and 'the age of mamm ils, which followed the age ot-reptiles, iasted for only-65 miilion

. vears out gave nse to more than 30 mammalian orders. The difference between the number of .
reptinan nriers ar 1 the numner of mammalian ones may partially be explained by the fact ¥
that tor .most of 'he age ut 'eptires the continents were collected in two supercontinents,
sheroas early 1in e age of mammais the two supercontinents broke up into the continents of

today Woite an e on tha eftect of these events on the evolution ot living organisms.and”
now ‘his .1s 'nth, cnced the ftevelopment of the geolngic time scale. (Reference 10, pp. 114-
o3

,, .
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THE FOSSIL RECORD
PO

e " Charles Darwlnm arguments in support of the theory of organic evolution might never have galned -
LT __acceptance. if it were not tfor the supportlng evidence provided by the newly developing science of
C geology in the mid- nineteenth century.’Darwins' hypothesis was predicated on the cumulatlve ef-
- fects on almost rmpercepta!ble ‘changes over long periods of time. The science of geology has con-
seifribtited to the theory of evolution through the establishment of .an acceptable time scale and the '
‘provision. of ‘fossil evidence of evolutionary change in living things.

The fossil record of evolutionary change is far from complete About 300 000 tossil species have -
- been described yet the number that have ever existed is estimated at three billion. Several-thousand

new species are |dentmed each year yet the plecmg together of the evolutionary jigsaw remains a
slow process.

The purpose of this section of the course is to provnde students with an opportunity to |nvest|gate the
. relatronshrps and time scales suggested by the fossrl record ’ ’

LEARNING ‘OUTGOMES . S

Part | — Fossll‘s

Nature & Occurrence

The student should be Bble to:

x 1 Dtsr ribe thv processes of urrbunxuntrun replacement, p( rmineralization, mold formatmn and cast for-
nm!wn p

(Actrvrty H2. 3, 4; 5 11 12)

- *

2. ldentify the pmuss of rugnntmn of qzvur fmsrls
, /
(Actrvrty #2 3, 4,5 11, 12)

"~ 3. Suggest huputhehurl environmental conditions which would result in the formatmn of a given fossxl

- \

. (Activity #3. 4, 5.8, 9, 11, 12) .

, 4. Prepare sample ‘fossils” in a laboratoty situation. .
° G o v z . .
¥ CE R r ' : :

g <. i
iy b , :
a% ' -
{Activity #2, 3. 4. 9) :

v

* 5. Discuss the mndrtmm necessary rur the preservation ur ‘hard” parts in contrast to Hmst necessary for tht
prescroation of ‘sott” parts.

(Activity #1.6.7.8.9) &

* 6. Define fossilf.

(Activity ¥11. 12, References #2. 5)

A
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1 ‘ Amencan Geologlcal Instltute. (.colus{y & Eurlh Scienves Sourcebook, 2nd ed., 1970. Chapter 13,
pp. 207- 321

é. Anstéy & Chase, 1974, Envzronnnnls Through Trmv Chapter 3, pp 71-76.

3. B_rice, JG and H.l?.‘.lfeym. 1976. Laboratory Studies in Earth History, Chapter 7, pp. 75-132.
" C’RM Books. 1974.'(.:t-urug_u "mjn'_u' (Revised printing). pp. 382-408.

5. Jahes, J.R., 1976, Geolugy muf‘rhv New Global Tectonics, Chapter 11, pp. 325-364.

6. Long, L:E. 1974, Geology, Chapter 8, pp. 197-225.

7. McAIester. The History of Life, Préntice-Hall

8. Stokes.'W.L., 1_973% Essentials of Earth H'islury,rsrd ed.. Chapter 5. pp. 84-117.

Activities and Investigations

1. 'C'ompare fossils with preserved examples of similar types of modern plants and animals.
‘Have students note which parts are most commonly preserved.

“°2.. Produce carbon imprints of leaves. Geology and Earth Sciences Sourcebook, p. 302.

3. Make models of molds and casts. Geelogy and Earth Sciences Sourcebook, pp. 302-303.

- 4. Demonstrate petrifaction arid replacement. Geology and' Earth Sciences Sourcebook, p. 301.

5. Dissolve silicified fossils’ from a limestone matrix. Geology and Earth Sciences Sourcebook,
_pp. 301-302. :

8. Use ~fos5il assemblages or 'slabs’ to identify the members of fossil communities. En-
vironmon}s ‘“Through Time, Chapter 3. p. 35.

7. Determme life habits for'a vanety of tossil forms. Environments Through Time, Chapter 3,
" p. 35.

8. Have students attempt to relatd environmental conditions to fossil assemblages. Attempts

- should be made to relate environments of deposition. to present environments. Environments
Through Time, Chapter 3. p 35

" 9. Have students reiatedhe processes Qf carbonization, replacement permineralization. mold

formation and cast formation to the possible fossilization of (a) bees blossoms and birds, (b)

fresh water fish. (c) clams and oysters. (d) snakes, Itzards and frogs. (e) leaves and branches

-and (f) humans and apes. Geology and the New Global Tectonics, Chapter 11, pp. 325-367.

.
. 5

10. -Using sets of fossil and modern preserved organisms, cIassrty them accordmg to the en-
o vironments listed in Frgures 5.1 and 5.2 {pp. 42-43) ot Environments Through Time, E.T.T.
L (Chapter 5). i

. d ¥
11. Examim? preservation of tossils as on p. 76 of Laboratory Studies in Earth History,

B

2. Read Chapter 11 in Geology and the New Global Tectonics. ‘
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‘ Part Il — Interpreting the Fossil- Record
- The Origin of Life ' #

The stugent should be able to:
1. Describe the general nature and structure: of amino acid, protein, RN.A. and D-IN.A. molecules.

J . .

(A\tivity #1)

2. Propose a mechanism for the formation of a self-reproducingsgiant molecule.

&
(Activity #1, 2) : / ) ’
* 3. Discuss possible atmospheric conditions suitable: tor the formation of organic molecules and primitive
‘cells’, ' .
o
\ (Activity #2) . !
#

The Theory of Organic Evolution

* 4. Define the-terms habitat and niche and relate them to the coneept of selective environmental pressure.
- :

;

%

(Activity #10)
)

5. Discuss the concepts ot Menwdelan geneties and noctations as they relate to variation within a species.

(Activity #1. 3. 11)

6.  Dropose lrypothetical responses ot modern species to vartous selectioe pressure.

(Activity #3)

0 *
* 7 Supvest selectiee pressores e ded tocoolutionary changes as exinbded an the tossil record.

tActivity 273 o . ' o
8 Sofce problenrs dealine ot b tion Crdtes \w[u!/(u' pressiores wnd population 41/:'(1‘\1/}!/;

£

/

| (Referencea 5 / :
/ '

/’ * . 9 Coonteran i o Pl 4" T R RV SR PR crichaate s
/
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The Fossil Record and ‘Evolution; Diversity

1.

2.

% 10. Describe and identify relations uf major groups of modern plants and -animals to their fossxl
predecessors. . s
(Activity #7, 8, 9)

* 11, Describe the evolutionary trends exhibited by rrrajor groups of plants and gsi

. L
-+ (Activity #7, 8, 9)
12. Propose hypotheses as to why given evolutionary trends have been 8
(Activity #4, 5 7, 8, 9) .
* 13, Describe the probable envirmment suggested or indicated by a variety of fossil forms.
o (
(Activity #20; Reference #2). . :

_References ’ .

1. American Geological Institute. Geology and Earth Sciences SUNrcebuuk 2nd ed., Chapter 13, pp.
297- 321

2. Anstey & Chase, 1974, Environments Through Time, Chapter 5, pPp. 41 48 Chapter 6, PP. 49 54,
Chapter 16, pp. 127-132. C v

- - . \ N

3. Brice, J.C.. and Levin. H.L.. 1969, Laboratory Studies in Earth History, Chapter‘*7 pp. 75-132.

4. Stokes, W.L.. 1973, Essenttals of Earth History, 3rd ed., Chapter 5, p. 84; Chapter 10, p. 210
Chapter 17. p. 422; Chapter 18, p. 442; Chapter 20 p: 486.

5. B S. C S., 1973, Biological Sciences, An Ecological Appmadz Chapter 17. p. 559; dhapter 18, p. 605.

.~ Activities and Investigations

Have students do |nvest|gat|on 175 p. 599 in Biological Science, An Ecological Approach.

AR}

Read Chapter 10 of Essentials of Earth History (p. 210)

¢

‘Read Chapters 17 and 18 of Essentialg of Earth History (pp. 422, 442).

Read Chz&er 20 of Essentials of Earth History (p. 486).

N

Have students propose hypotheses for the apparently rapid diversification -and extinction of
the dinosaurs. .

»

Have studems solve problems such as those found on pp. 310 313 1n Geology and Earth
Sciences Sourcebook. '

P G
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7. VlSIt local fossil-beds (have students locate: them on maps hrst) and have students propose
. an hypothetlcal hlstory for the,outcrop.
‘ 8. Examine fossils as indicators of age and envnronment as on p. 125 of Laboratory Studlas in
- Earth History. .
a
9. qe students ‘examine and identify the phyla of representatlve plant and animal fossils-as in- .
. Chapter 7 of Laboratory Studies in Earth History and Chapter 3in Envlronmanla Through
Time. ) .
' . Af ) . .
10. Read Chapter 3 (p. 63) in Biological Science, An Ecological Approach.
1." Read Chapter 17 (p. 559) in Biological Science, An Ecological Approach.
- .Part lll — Ecology and Paleoecology : o e ‘
The student should be able to: ..
! {
* % 1. Reconsgiuct hgpothetical environments using fossil and gther gevlogical evidence. N
L4 v - . . " - . ,
. - /
{Activity #4. 5,6, 7, 8)
2. Bricfly discilss the origin of food chains and their changes through geologic: time.
L 4 .
T [Activity #4) | , : -
* 3 I'C‘Ias,;‘:f_l/ modert areal, marime and terrestricl t;rlz’ir();xrrzcrtts. : . ok
. R
’ .
(Activity #1.4.5.6)
« 4. Be able to construct a ('russ@vrh}nz from the beach to an oceanic deep and label the following en-
erromments: Littoral, neritre, bathyal, abyssal and hadal. +
(AcCtivity *#1. 2. 4. 5, 6) . . B
* 5 Deduce the hind of sedoment that s avatlable from a source area (\vimzyifs rock. type,. climate and
t@erapliic elecation " '
oo e ‘ |
i (Activity #3}
. : *w
‘w6 Be able to rdentity and discuss the signgticance of cach of the followng primary structures:
- ,cross stratification ' — solé markings
*’wﬂrnpple marks — graded bedding
— mud cracks
(Activity #1)
2
60.
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Rotoroncaa : o ‘ o
1. Anstey & Chase 1974 Environments Through Trme Chapters 1 2, 5, 6, 7 8, 9 12, 13, 17!

. 2. Brice, J.C., and Levin, HL., 1969t Laboratury Studies in Earth Hrstury, Chapters. 4;5 and 7.

Actlvltlea and Investigations

1. Read and complete the exerctses in Chapter 8, p. 68 of Envlronmenta Through Tlmo

2. Have stuqents mvesttgate roundness and sorttng ‘as’on pp. "t 10 of Environments Through
-+ Time. o .

?bg v . L - D . ‘ t" 'r .
3. Examtne the origins of source matertalst transport and deposrttonal env:ronments as on pPp.
11-19 of Envlronmanta Through Time. ' s '

4. Have students relate modern food webs to those extsttng m paleoecosystems as dtscussed in o
Chapter 3 of Environments Through Tlmo _ . '
£ ) ¢ ’
5. Have students practise tnferences from outcrops usnng the exerclses in Chapter 4 of
Laboratory Studies in Earth Hlatory J
6. -Select IocaI outcrops (tossil bearnng if possnble) and ha e students prepare an mterreda-
htstory of the formation. :

7. Have students examine methods of mferrtng ttme sequences asin Chapter 5 of Laboratory ,A
R Studiea in Earth History. . j
' i

8. "'l"Have students prepare sample time sequences as. problems for each other

INTERPRETING | THE GEOLOGIC RECORD - v

 Much of the mterpretatton and analysis of geologic htstory is based on a knowledge of sedimentary
features and environments. Interpretation and.analyses are higher order skills which few students-
are given an opportunity to exercise. This section prowdes students with opportunities to apply
knowledge of fossils, sedimentary features and other geotogtc structures in the’ rnterpretatlon and .
analysis of the geologic record.

L
e

'LEARNING OUTCOMES

Part | — Correlation

The student shoutd be able to:

* 1. Describe the different divisions of the qeuluqu titme tableq and state in order of vldest to voungest the: dtf
f(rmt eras, prrmds and ‘in the case of the CUIUZUH Era, the epochs;;

(Activity #1, 45)

© 2. Iaterpret local geologic history using facts 1f given a_geologic map and cross-section.

1

-

(Activity "#2, 3, 6, 15, 17, 19, 20, 21, 24, 25, 26, 27, 28, 29. 30, 31, Sé, 33, 34, 37)
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* 3. Discuss the kind of, sedtmept and hence the kind of rock tha! will result in each of the followmg
sedtmentary envxrdnments . S

T - Marine Nerlttc or. shallow (water depth Iess than 180 metres) ,
S SN Bathyat or. daep water depth betyveen 180" and 4 000 metres)
' ' o 3, Y "
7. . —~TrapSitional: Delfalo : ‘. f . 3 ‘) T '
. . ! LTI
' o Y Lagoonal "-. R "'r '
' L|ttora| (submerged at hlgh tlde, and emergmg at Iow t|
'’ — Nonmarine: * Desert . '
Fluvial (civer, flobdplaln, pledmont)
.. ‘ ‘. A St Swamp . e < h
o . Lake , o B
(Actuvtty #3, 4 5 6‘ 9 10 11, 12, 13 14, 15 16 17 :|9 43 44) j N o
-+, ‘4. Describe a. !{mermck umt, gwmg the advantqges of thxs ty;fe of mappmg
. Sl |8 . woo
(ActIVIty #1, 2,7, 8 19 20 21, 22 35 ‘37, 45)
‘ 5 State what is meant by geolug:c wrrclatwn S ~ Ll
(Activity #1.2, 5,7, 9, 20, 21, 22,37, 45) T

" % 6. Given _t_hrge stid}igrhphie sections, correlate them.

o v ' Y
e (Act|V|ty #7, 8, 20 21, 22, 34) ' :

L=

"» " % 7. Describe what is meant bl/ gmde (index) fossils and state the characteristics of a fossil that would make
a good index fossil

\

©, (Activity #46)

‘8. Make a sketch of one guide fussil for each of the geologtc pcrwd< or be able to xdennft/ them. froma = .
drawing or slide. . .




10.

11.
12.

13.

Gilluly, James, et al., 1975.. Prmcxples of Geology. Chapter-&— Fossils, Strata and Time (pp. 74. /f\\\
88) Chapter 17 — Sedimentary Rocks as-Historical 9Bc)cuments S .-

;i,-.?" Stokes WL, 1973 Essentmls in Earth History. Chapter 2 —Time and Its Measurement (pp. 12-
" 33). Chapter 4 — Layered Rocks and the Law of Superposition «(pp. 58-83). Chapter 5 —

’ (pp 101 170)

., The Open U‘rf[vensty. 1971, Earth Hxstory 1 and H; (Unlts 26 and 27) Unlt 2631 — The Preaem-ts-

{ B R v e -
o8 - teo .

’em’. . o e . ‘,'... s Q . -
" 1.7 Long, LE. 1974, Geology, Chapter 8 — Life dnd Time (pp 196-225) pter 5— Ftecycled
' .; Adcks (pp 100-129). Chapter 13 — Depositional Systems (pp. 378-4?‘ : .

Fossils andgthe Succession of Life on Earth (pp. 84-117). Qhapter 6 — Organnzrng and |
Correlating the Record (pp. 118-149). ‘

] ' $ R
AG!, Investxgatmg the Earth 1973. Chapter 16 — The Record in tha Rocks (pp 343-364) Chap-
ter 17 — Life, Présent, Past and Futu re (pp- 365-382) Chapter 18 — Development of a Con-
t|nent (pp 395-412) . . h

AGI Investxgatmg the Earth — Teacher’s Guide,-1973. Part 2 Chapter 16 — The Record in'the

Rocks (pp. 178:192); Chapter17—L|fe Present, Past andF.utwte (pp.: 193?206) 5Chapter18-- ' . s
Development of a Conttnent (pp 207}-217) . ._o,_.;,-:" .v.. ‘ s ‘

'Contments Adnfr (Readmgs from Scientific America. Paper 12 — Contlnental Drlft and
Evolut|on (pp 114123) ROECATEN . : P SRR

the Key tq:the Past (pp: 9-16. Unit 26.2 — Interpretlng the Rock Recérd (pp. 17- 23). Umt-——Ap-
pend|x 21(The Stratugraphno Column) and Appendlx 3 (The Coastal Envnronme gg 25-36.

Hamblin, W.K.,-and Howard, J.D., 1975, Exerctses in Physxcal Geology Chapter 42 Sednnentary

~ Rocks (pp. 36-50). Table 5 — CIassufroqﬁuon qf Sedlmentary Rocks (pp 41-52). .

Brlce J C andLevin, H.L., 1969 Laboratory Stydzes in Earth Hxstory Chapter 1 — The Natural
History of Sand (pp. 1-14). Chapter 2 — Sedimentary Rocks Under the Microscope (pp. 15-22).
Chapter 3 — Sedimentary Rocks in Hand Specimen (pp. 23-28). Chapter:6 — Inferences from. =
Geologic Maps (pp. 65-74). Chapter 5 — Time Sequenog. ot Events- (pp 49-65) and Chapter 7
~— Fossils and their Livnng Relatives (pp. 75-132). '*p,, . .

it .
_AGI, Geology and Earth Screnceq Sourcebook. Chapter 14— Sedumentatuon and stratlgraphy (pp .
323-362). . . :

sGeological Survey of Canada, 1970, Geology and Economic Mmerals of Cmtada Qhapter VIII —_— .
Geology of Western Canada (pp. 365-488). , ‘

Janes, J.R., 1976, Gwlogy and the New Global Tectonics. Cnapter‘ﬂ ——‘ Ttme 4and the Fossil
Record. : &
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« Activities and Invéstlgatloni )

1.

‘texture, Mineralogy, and:pri

Ipvéstigating the Geologic Time Scale. (Investigation 15-8), Investigating the Earth, pp. 335- .

) '3_3_7._The student is given a list of events along with the ages of each event in years before -
present. The student must decide how to represent these in a time-ordered sequence. A roll

ot paper tape is provided on.which he plots a graphical model. The inclusion of events that

cdan be related to local or British Columbia geology makes the investigation more-interesting.

The student should devote some time to thinking about the graphic representation of the
vastness of geologic time as well as to 'tpe mechanical preparation of the model.. In-

~ véstigating the Earth, Teacher's Guide, livestigation 15-8, p; 173.
. ';zr T ‘ e . . ¢ . N )

Introduce the Law of Super;iositioh‘and'the Law of Cross-Cutting Relationships so that the
student understands the two principle methods of determining the relative ages of rock units.
Investigate how earth scientists determine the relative ages of a rock sequence such as that
shown in Figure.15-8, Investigating the Earth, p.'173. Then examine a simplified Vérsion of
how earth scientists calibrate the time scale usingdata such as that provided on pp. 336-339
of Investigating‘the Earth, applying it 1o the  rock sequerice-shown in Figure 15-8. The in-
terpretation of this rock section is given on pp. 174-175, Investigating the Earth, Teadher's

Guide.: — . by -

~

Investigating the origin of a sedimentary rock. ‘Students should carefully study pp. 344-351 of
Investigating the Earth. This unit should not be attempted until the student can identify the
\ structures seen in sedimentary rocks. If field investigations
of these features cannot be ¢onducted, hand specimens, slides-and/or filmstrips of sedimen-
tary rocks and structures shpuld be studied. Answer the questions related to Figs. 16-1 to Fig.
16-9 inclusive, pp. 344-351/in Investigating the Earth. A useful guide for discussions about
the interpggtation of these igures is provided in Investigating the Earth, Teacher's 9uide, Pp.
178-188. The dominant them@ of this investigation is that the structure, texture, and com-

v, -, position ‘of, rocks reflect their. origin and history.

Place a small_ tray. of wet' mud beside a radiator or in a sunny window for several days.. . -
Exarnine the cracks that form on the surfate. Imagine similar cracks on a mud layer that has -
been changed to rock. How could you use these cracks to recognize the top of the layer?

1

Investigating an ancient stream channel. (Investigation 16-4, Investigating the Earth, pp. 351-

- 353, The data for investigating.an ancient stream channel is illustrated in Figure. 18-13. The

map ‘shows'the locations at which the thicknesses of the rocks beneath the surface have
been measured by means of driltholes. Small arrows represent the direction of the current in-
dicated by ¢ross-beds and ripple marks. By.placing a piece of tracing paper oyer the map |
and using a soft pencil the student can draw the shape of the ancient stream channel. An-
swer the questions posed on pp. 352-353, Investigating the Earth. Set out samples or slides of
cross-bedding and ripple marks for display. The investigation can be ‘made fnuch -more
meaningful if $tudents.visit.local gravel pits and gather data on thickness, direction.of aross
stratification and current ripplé marks so as-to interpret the origin of-a local sedimentary unit.

‘A complet‘e.d..map‘is- given in Guide Figure, 16-1 of Investigating the Earth, Teacher's Guide,

p. 181.

Investigate the: texture and mineral content of local sedimentary rocks. The size of the

sedimentary gfains is a clue to the velocity of the depositing current. The shape of the
sedimentary particles also indicates something about the iength of time, source-rocks, and
distance the particies have traveled. Some kinds of minesals that occur in sediments indicate
something about the 1dcation .pf the area and the type of 'source rock from which the .
sediment was derived. For example, it garnet grains are observed in a sandstone the source- -
rock was probably a high grade nietamorphic terrain .that must have been exposed prior to
the deposition of the grajns in the sandstone. Provide samples of sedimentary rocks, as well
as a few samples of the saxqe rocks that have beén pulverized so that tpey can be studied un-
der a binocular or petrographic microscope, Such rocks as conglomerate and sedimentary
breccias provide interesting case studies of differing geologic history-

64.
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7. Pldce a series of numbered -boxes conta|n|ng fragments of rocks and fOSsIIS or-models of .
fossuls in different parts ‘of the classroom. Allow a limited amaunt of time in which to study
and describe the contents of each box. Students record their observations in a notebook.

, Whnch of the boxes can be grouped together and why? This is a good introductory exercise

#¥  in rock unit correlation (Investigation 16-6, Investigating the Earth, pp. 355-357). The major
idéa illustrated by the invastigation is that reconstruction of earth history from the record in
the rocks is dependent on: accurate correlation of rock units from one area to another area.

y b

8. Studyunit 16 7in Investlgattng the Earth(pp 357-359). It attempts to present the principles of
rock unit correlation. An example of a problem in correlation is shown: in Figure 16-15 (p.
~ 353). Students should be able to-answer the questions posed about the Figure on p. 355

9. Study Chapter 1 (The Natural History of Sand) in Laboratory SIudlos in Earth History. Collect

-a few large pebbles and_determine (1) dimension, in mm (2) roundness class and (3) ¢om-

position. Pebbles can become rounded in only a few miles of transport along a stream chan-

. nel. Compare and make sketches of pebbles in plan view from a beach,and a river deposit.

Account for any differences in shape, if possuble ) . : v

" & P

10. Observe and measure the properties of a mature sand, an immature sand and a carbonate

sand. Examples of these sands are illustrated in Chapter 1.(The Natural History of Sand) in

" Laboratory Studies in Earth History. The basis for ‘determining the degree of maturity in a

sand is (1) sorting, (2) rounding and (3) mineral and/or rock composition. Collect severaI

beach sands from the British Columbia coastline and compare them to sands from other .

areas and environments. The procedure for: observation of sand under the mlcroscope is
given in Table 1-2, p5 of Laboratory Studies in Earth History. "

11 The more sophisticated and math ornented student may wish to pursue the gyain size analysls f. ‘
-~ of Sedlmentary materials on p. 6-9 of Laboratory Studies in Earth Hlstory e i -

2. The procedure for sjze.-analysis based on fall velocuty is presented on p. 10 14 of Laboratory
' Studies in Earth Histofy. . - . ; tu : : v
13. Investigate a peel or thin sectlon of carbonate rock and sandstone. If thin sections of sand- B

»" _stone are used, provision should be made for viewing these between crossed polarizers. For
-+ non-polarizing microscopes, two polarizing films mounted in 35 mm slide binders can be
A rused: one of these-is placed over the light gource and the other ‘over thé thin section. Tex-
tures of carbonate rock and sandstones as seen in thin section under the microscope aré
‘shown on p. “16 of Laboratory Studies in Earth Hlstory..Types of contacts batween grains in
e sandstone are itlustrated in Figure® 243 (p. 16). Use the guides for observatiop -of carbonate
rocks and sandstones under the microscope for compilation of ¢he. data (p: 19:"and 21,
LaQoratory Studies in Earth History). Procedure for:making a peel! of\a prepared rock. 'surface .
‘{* is given on p. 22 of LSEH. (Laboratory Studies - Earth History). il '
14. Review identification of sedimentary’ rocks in hand Spec}men before c ntrnuung activities 15--
- 30. A usefud study section’is presented in Chapter 3 (Sednmentary Rocks in Hand Specimen)
of LSEH.

15, The method of muitiple ‘working hypotheses. is the baSIS for interpreting earth hlstory from
evidence such as the properties of sedimentary rocks and from premises such as the "law'’ of
superposition. Answer the questions on p; 30 of LSEH

: 16. |nvestrgate the |nferences that can be made from p:lmery sedimentary structures. A primary
’ - sedimentary structure is formed during deposition of sediment, in contrast with secondary
‘ structural features such as folds and faults. The most important primary structures are (1)
bedding (2) beddmg plane markings (lnorgannc) ripple marks, mud cracks; scour marks and
Ioag casts and (3) structures of organic origin such as reefs, structures of algae, tracks.
burfows ahd plant impressions. Study a classroom dlsplay of these features or a filmstrip until
the%can be, recognized easily in the field. Visit a local outcrop and report on the types of
sedfmentary structures observed.and photograph them for use in an oral report to the class

op the |nterpretat|on of the environment of deposition. (LSEH. pp. 31-34).

¥
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17.. -.lnvestwate the types of sedlmentary envlronments and summarlze the pfOpGﬂiQB»Of’aedlmgn. 2
o .tary materials lrom’Whlch lnterences are. made (pp. 35-36 LSEH).” j _ :

18. lnvestlgate the auoclatlon of beds found in your {ocal:area. (pp 3748) Study a gebio' l? q‘«g
report’ of your local arga: and’ report,‘on the thickness. and areat distribution .of. thi :
_assoclations of rock types found there. Determiné which sedimentary envlronl'nents are -
represented and infer the tectonic settings in which the sedimeénts werg deposlted (Study
AFIgure 48 on p. 38 of LSEH) e R o “hy

[ 1

:_';19. If It Is imposslble to study the Iocal rocks in the field a very useful Set of photographa and
" problems Is presented In Chapter: 4 {Inferénces from Outcrops) ‘on pp. 39-48 of Laberatory
. Studies in Earth Hlslory (LSEH) Study the photographs and answer the questlens In your_'
.,u_.noteblek o S s ) D

20. Eplsodes In the geologlc hlstory of a locallty can be inferred trom the strata ata slngle out-' :

' crop but a full réconstruction of earth history réquires that the strata be studied thréughout
their areal extent. Eventually. one must relate the rock section séel't at one locaiity to those -
seen at other places in the area, This involves the procedufe of correlatlon Correlation is
defined as the demonstratlon of the ‘equivalence of either rock units or ti oclq units. Study

. Chapter 5 (Tlrne Sequence of. EVehts) in LSEH. Answer the question F pp. 51-56.

. a'r’

X Investlgate the. spatlal relations of rock units so as to be abie to relate the seguence of events
© " in earth history. Study the section entitled “Time Sequence from Spacial Relation” in Chapter .
"5, p. 56 of LSEH. Answer the questions on pp. 57-58 in LSEH. o C

22. Investlgate the srgnmcance of unconformities and determine the. number and type represen-
_ ted in the local rock column. An unconformity is defined as a buried erosion surface that
G represents a break of- sugnmcant duratiof in the geologlc record. Answeg lhe questions per-r

talnlng to unconformmes on’pp. 59-61 61 LSEH e '

.23, ’Investlgate lhe claschal concept of mountain burldlng ll tkated on pp 62-63 of LSEH Tec-' MY
'+ tonic settihgs do¢r not rewam constant throqgh time: Thé &¥ea ih which you live has, no doubt -

- ' a:.gpnethrough severql major changes in its tectqmc seﬁlng during the last 500.million years. By
Raconstruct the seguence of events: -duting the geologic history of the Phanerozoic Eon for
" the’ reglon of British Coluntbia in which you live. |8'it-possible to make block diagrams depic-

ting each’'major tettonic setting?. What stage of mountain building, if any, is represented by
: the present teCtonrc settlng of the area.in which you live."

]

24, Investngaite the meamng of a geologic map A geologic map shows the dlstrlbutlon of rock
S formations, fauits, and other structural features as they are exposed at the. surface of the
earth. It'ls a scale mode! of the rock bodies*of the crust and a fundamental tool fof analyzing

- and, mterpretrng geologic data. Study Chapter 16 (Geologic Maps) in Exercises ln,Phyelcal
Geology and be able&vto recogmze the symbols used on geologilc n’laps (p 118 of EPG) .

-
. 25 Interpret} Qutcrop patterns of (1) horlzontal strata, (2) inclined’ strata, (3) domes (4) basuns i
(5) plunging:folds, (6) _angular unconformities, faults, intrusives, strjke-slip fauits,.and (7) sur-
ficial deposrts Answer the questions on pp. 120-129 of Exercises in Physical Geology
- 26. The mterpretatron, of geologic maps in many parts of British CoJumbia isa dlfficult procedure
' for grade 12 students. A good map to begin with is the geologic map of Michigan (pp. 134-~
135 EPG) whe{e the geology is relatively simple. Answer the questlons oh p. 134

27, A somewhat more oompllcated map of a fold mountain belt in which major thrust faults cut
““the section is illustrated by the geologic map of Mount Ersenhower. Alberta (pp. 140-141,
EPG). Answer the queéestions on p. 140.

28.. .lnvestlgate the outcrop pattern of folds, both plunging. and non-plunglng Answer the

questrons on p. 66 ol Laboratory Studies in Earth History (LSEH)/ .,




29 Many parts of British Columbia are.broken by faults. Investlgate the dltterent kinds of taulte R
shown on.p. 67 of LSEH. Answer the questions on p. 67 of Laboratory Studies: ln Eanth @
History. Study a fnap of your local area-and determine if any faults are present. What type’ dre

0 they? If possible, take a tleld trip into a faulted area and investigate the’evidence tor‘taultlng

., ~ -af*first hand. v .

30. One of-the most importany actlvrtres that’ students can be involved in Is the lnterpretatlon of -
geologic maps' by -constfuction of structure cross-sections. The step-by-step. procedure

-followed for construction of geology structure sections Is discussed on pp. 68-69 of -
Laboratory Studies In Earth History. Make a structure cross-sectlon ot the northern part of
the Black Hills (Flgure 6-6 ot LSEH) , AR

31, Select a geologic p of some pant of Canada and attempt to construct a geologlc structu?e'%'y -
sedtion. The map s jould show: dip:and strike symbols to be useful for this exercise. The ver- ST
tical-exaggeration should be as little as possible. . -

- 32, Investigate the |nterpretat|on of structure sect|ons from outcrop data Cbmplete the block - '
d|agrams shOWn on p. 70 of LSEH )
33. The basement, rocks o&,most of eastern Canada are of Precambnan age. These rocks un-‘*';
‘derlie about two million square miles of the Canadian Shield. Investigate Precambrian history
, of Nérth“America. (Chapter 9. A Study of Precambrian,Geology in Laboratory Studies of Earth
History.)

- 34. Investigate the geologic provinces or tectonic regrons of British Columbla Make a map

- showing thefpoundaries of each region. Summarize the characteristics of each tectonic
province. Consult the chapter on the Cordilleran Region in Geology and Egonomic Minerals -

of Canada. Study the generalrzed information in Chapter 8 of Laboratory 8tudles ln Eerth

History, pp. 133-142. - '

RE

-35. lnvestugatmg the hustory of a model. (Investlgatlon 16-8, pp. 359-360, lnveetlgatlng the Earth)
.. . f"you examine a rock outcrop caretully, you will find that you can piece together the: .
o 'sequence of events that formed the outcrop. In this |nvest|gatlon several members of the
.. class make geological models of various areas out of somé modeling material. They keepa . -
list showing the exact sequence of the steps that they took to make the models, Once the
models have been completed, other students in the class are asked.to examine them and
determine the sequence-of steps necessary to construc.t the models. The teacher should be
" ready to suggest geologic features that a’student can dlsplay in his model of bedrock. This
: _ investigation permits the student to make and interpret some three-dimensional models
SR showrng vanous bedrock geologic features (p_211, lmies_tlgatlng_.t,he Earth, Teacher's Guide.

L3 o, - PR . . . . & -
: : T

%;’y _tlg mg how rock§ reveal ancuent ‘climates. (Investigation 16-9, pp. 360-362 In-
; ﬁfbgt 1g-the Earﬂf) Rocks contain evidence that climates have changed radically during ’
s ”'tfre ‘deologic’ ,“p‘ 168 Interpret Text Figure 18-17 for homework. Then use it as the basis for a
TS clas$ dlscuS&og— *l‘t'the student dan make d logical interpretation of the geologic history
' oo represented in thesé'érdss sections,*he will _be developing the interpretive skills at which the
‘course is aiming. See also the questions that pertain _to Figure 16-9 showing the clnmatlc 3
- -« :~-zones in North.and Central America and how they have changed since early Cenoz6iy time
T i (lnvestlgatmg the Earth. pp. 361 -362)) - '

P

r . .','.,Tr .

37. Investugatmg the growth of the North Awmencan continent. (Figure 18-9, lnvqﬁtlgatlng the }
Earth, p. 401.) The way the dates are grouped in the three stages of growth shown indicates )

) -that parts of. North America may have been added to the coptinent at differgnt times in the

' »past Growth ‘may have taken place at the edge of the conflnent Suggest how'. this data may
"be related to plate tectonic theory .

-

S a . . , ) it
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38. Investigating Precambrian: rocks near Blind River, Ontario (north shore of Lake Huron). (In-"
vestigation 18-2, investigating the Earth, pp. 396-399.) Study Figure 18-1,p. 396. It'shows a
serjes of cross-segtions that represent Precambrian rocks found along the north shore of
Lake Huron near-Blind River.-Ontario. List the rocks shown in’ gach of these cross-sections in
the Srder:in which they formed. The teacher provides the students with a list of radioactively.
determined ages of.some-rocks shown in the cross-sections. Does the sequence indicated by
these ages agree with the order worked out by the student from the cross-sections? Why or
why not? This investigation is important because Precambrian rocks repres‘e,nt‘the oldest on |
the North American-continent, and a study of North America’s development begins with them.
(Investigation 18-2, Investigating. the Eafth, pp. 208-209 of the Teacher's, Guide. ..

i

-

" 39, investigating the Great Ice Age, Study Figure 18-13 on p. 445, investigating the Earth. On a

‘ sketch map of North America show the position of the three major centres of ice ac- 2y
. « ~cumulationn and indicate the giaximum advange of .\the four great ice sheets over the con-

... tinent.

TS

i L
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. . 40 Investigating the Ice Age.pyzzie. (Invastigation 18-8, investigating the Earth, pp. 410-411.):In .
- ™ this investigation the stullent examines an-area that was formerly coveredzhy part of-a con- *
v tinental ice sheet. Actoss the map are numbers indicating certain stafioris®or? the landgeape.
Information is given for each station. Using a'scale;piot the elevatiort of each station on
graph paper. Connect the e[evatibn points tb fﬁake’a‘iopographic profile. Plot on the profile
,the information from the datZitable. Make a cross-section using ditferent colours tor symbols
or rock and glacial deposits:Note two kinds of til are present. Answer the questions on p. .-
411. In summary, the investigation teaches the student to use.the eyidence left'by glaciersto ...
- reconstruct tHe events that shaped she landscape. (Investigating the Earth, Teacher's Guide, '
pp. 211-212) S N e

41. Investigate the kind of topography that develops on the snout'of a stagnating ice shefet. This
type of topography is common between Aldergrove and Abbotsford in the Fraser Valley. To".
"illustrate how the meiting of buried ice blocks can produce an i‘rteg_u}lﬁg_ surface on glacial_
deposits. have the student try, the following at home: Fill a pan with-8and or dirt to a-depth of
about:10 cm. Bury several iCe cubes.in the sand, smooth the surfacé‘,'ia'nd_vyepist'ainq,ovsrhigm.
"Observe the results betore Igaving for school in the morning and be prepared to 'discpés,
them. The student should havé no difficulty relating the rough surface produced on the sand
to the rough surfaces found or'm)some glacial deposits. This type of topography onlydevetops.
during the waning stages of glaciation and is termed knob-and’ kettlé topography.

@

,
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42. Investigate the effects of isostatic.rebound.on the north shore of Vaggouver, British Colum- .~ «
bia. Although glacial ice-is of much lower density (about 0.89 g/cm? than: bedrock of gon:= -
tinents (about 2.7 g/cm?) the great mass of the accumulated ice.in glatiergihas been -Suf-
ficient in the past to depress the crust. In some instances, old beaches and_‘other coastal
features such as marine deltas were created during high-water stages or when the.land was
depressed immediat_e'ly,fonowing deg|ac\iati'on. Several large and nearly flat gravel deposits "
along Capilano River and Lynn Canyon were deposited when the Iang was much (ower. How
much lower? Study topographic maps of the North Shore ang determine the highest elevation,

" of gravel deposits below the canyons of the Capilano and Lynn Creek. Examine other eftects

of isostatic rebound in the Hudson Bay region and the Baltic area of northern Europe.

Fd v

43. Activities;,and_iﬁvestigatnons about earth history beginning with Activity No. 43 are based on «
Science Foundation Course Units 26 and 27 from The Open University (Earth History | and I1).
Students participating in these activities are notexpected to have much factual recall of the
material presented. Students will. however. enjoy studying these concepts and, whilst doing .
so. will gain some insight into the methods by which Earth history has been and is being
deciphered. Explain the principle of uniformitarianism and show at least one example of a

“geologic process that is operating near your school. :

4 : . ]
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Investigate British Columbia's coastal enyi_ro?i?‘i‘rent. By leagnihg sﬁethjhg’,’é‘ﬁaut-thé kinds'of
sediments and processes operating along:the British Columbja coast, the student should be
able to recognize ancient “coastal environments in.the geologic record. A list' of
measurements that can be carried out in a beach envi,rlg_nﬁ'r?\ent is provided on p. 11, TOU (Unit
26). . DU .

LR
&

Investigat\e‘the energy of a modern environment. Anx,ig'ature of sediments and their fauna
and flora can be related to what is ¢alled energy of-environment. For example. high energy
conditions are .¢haracterized by the surf zone, where wa)/'es are constantly-breaking and
producing turbulent currenis of extremgly high. velocity. In contrast to this, low energy con-
ditions exist in sheltérgzd marsh areas, .which are seldom affected to any degree by tidal

‘currents, or by wind-driven water currefts. investigate a salt marsh, collecting samples of its

sediment. flora and fauna. Compare -and contrast this environment to a rocky headland or

inlegsuch as exist in many places along Howe Sound, the Sunshine Coast, or Vancouver

Islafd. Take phatographs, fecord changes related to seasonal conditions and measure water
conditions and internal arid external structures in the sediments such as cross-bedding and
ripple marks. ‘

Investigate the origins of the stratigraphic time terms. Study Table 1 on p. 17 of TOU (Unit
26).
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Pan Il - Layond Hocko and the Law of Superpositlon : «
"The ﬁtudent should be able to:

88)

S
>

Glllw\é James. etal, 1975, Principles of Geology. Chapter 6 — Fossids, Strata, and Tlme (pp 74-

& &

Ztokas W':L 1973, issmrmls of Larth Htsrurl/ Chapter 4 — |ayered Rocks and the Law of
77

erpos]’tlon (pp 58 83). "

A A S : N
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. k4
* 1. State and be able to apply the Law of Superposition.
. ‘ . )4}
~ {Activity #2, 6, 12, 15; See also Part |, Activity #1, 2, 7, 15, 35)"":;"‘
* 2. State and remgntze methods that cay be used to dete rmine the top and the bottom of sedimentary layers.
, CE N
(Activity #6, 9, 10, 11, 14, 15; See also Part |, Abtivity #3, 4, 7, 16, 19, 35)
. 1/; * L
* 3. Determine the relative ages of several formations. 3.
(Activity #12, 13, 14, 16; See also Part Il, Activity #2. 7. 15. 16, 19, 20, 22) ~~ *
, 4 Srq'(e examples where the Law. of Superposttion zuil]tzxpr work. ;
o . :
‘ R
LW
(Activity #13) &? )
* 5. ‘Define the terms — strata, bed, fdrmation, wnconformity, p(;nracr.
E o ~
(Activity #6. 7, 12, 13. 14, 15, See also Part |, Activity #3, 7, 19)
* 6. Interpret the hustory of sedimentary rock strata, using texture, mineralogy, sorting, buidm:( and prmmru
structures such as ripple marks and mud cracks as quides.
/
(Activity #3,4,5.9, 10, 11, 17; See also Part |, Activity #3, 4.5, 6,9, 0. 1. 12 13, 14, 16 17
19)
,('."G,“ [
o “ ¥ .
* 7. Determune the "up” direction and List in order (oldest forst) the age f i rocks shoion in a series of
' sketches or slides
N .
(Activity #9. 10. 11. 14. 15, 16, See also Part |, Activity #4,*F, 19)
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1.

tnvestigate the origin of three types of sedimentary rock: (1 ) ‘a conglomerate. (2) a
fossiliferous timestone and (3) a shale bearing plant fossils. Describe the features of these
specimens. What 1S the probable origin of each rock?

Show a slide of dipping gedimentary rocks. Imagine yourself standing in front of this rock”
outcrop somewhere in British Columbia. Describe what you see. In order to tell a story s@ that -
it makes sense. you must start at the beginning. Where does the story begin in a pile-of
layered rocks. at the top'or at the-bottom? Are the layers horizontal or tilted? What does this
mean about the history of the rocks in this outcrop’?

Show a close-up of the sedimentary rock so that the beddmg ts clearly indicated: a channei
sandstone showing stream-type cross-bedding would be a useful slide. Suppose you go up to
this outcrop and examine it closely You discover that it looks like this slide. If you examine
the rock even more closely. you will see the texture (show a slide of higher magnification ot a )
coarse grained sandstone in which the grains are clearly visible). How do the beds become -
layered? Why are the beds inclined”? How do the fragments that'make up this rock seem to fit
together? What does this kind of texture indicate about 'he origin of the rock? emphaswe%
the importance of energy and currents in .any sedimentary environment.) 23

N aih

Compar e settlmg of sedimentary particles in water in which there is no current (A) and

water th in motion (B.C. and D). Use a stre=~ *wle. (Investigating the Earth, The Record . "*‘”"\é,,,
‘in the Rocks (Chapter 18. pp 392-393). ‘ ‘ , BEER
Provxde an ilustration of a typical sedimentary sequence in a delta in whichithe sedlments' w T

grade from gravel to sand to clay Note A single layer of sediment that covers several square
kilometres may also vary I\n appearance from one place to another. How can you explam the

_vanation in grain size frhm gravel to clay away from the 30ufce7 Use a stream table tQ

demonstrate how SiZe S0rtng occurs ‘ ‘, SRR
Not all tayered rocks are sedunentary Investigate a thick pile of java such as |s common n
the Interior of British Columbia or on the Columbia Plateau (Use slides) Can you apply the
Law of S A;)PFpOSIt!Oﬂ to these rocks? What differences in the rdcks would help you to
distinguisn these voicanic layers from sediments deposited in water? (Pass out samples of

basar @ o ! B el

. s

Srry the argia oo olumns i columnar basalt and use them to indicate-the top and bottom -
of a voleamc flow 1Use A shde and goliect a column of basalt from either Mt Baker or along,

the Squamish Hignw wy near Mt Gar nald)

Pass OUI.SBWD\“". Sfvoloans rocksn which the long crystals are oriented roughiy parallel to
the flow . What can thay tell yoo about the direction of flow In the lava”? (Investigating the

. Earth, The Record o the Rocks (Chapter 165, pp 348-349)

Why are ©ross-peds anil ripple marks important? 1Use large dispiy specimens sltdes and
hetd trips to a local beach to study these features | (Investl g the Earth, p 350

Study shides -aowing asymmetrical and symmetrical rlpple marks In wh\ch dlragtf@h qnd the
curref flow - Use symmefrical ripple marks to tell “top” from bottht*"in ‘a sedimfentary
sequence ([ .in the shide of symmetrical ripple marks upside down Memonstrate with a
large dlsplay spec‘mena »
. : &

Fossils in rocks can also be use(r‘to determine whether a layer 1S upside down Have you ev '
noticed the way clam shells come to rest on a beach? Waves or currents usually turn. theerrlw\
OVEer so that the hollow or concave side s down Investigate the orientation of clam shells on
Jolor )l pedach and make aestatshoal stady mw nomber wrned over within a 3 metre'square
area i

Fes
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~ is on the bottom. Now deform the section to make either an overturned fold'or fault it ins

, 16.

PO - SRR

.

Visit two areas whére a sedimentary sequence is exposed. Select areas where at least one

“.unit is common to both sections. Measurg a section and'record all of the properties of.gach

rock unit. Determine the criteria that you found most useful in making the correlati

‘ - f '
Use three colours of clay or make a “normal’” 'sedimentary sequenage in which the oldest.urjit

a way ag éaqt‘o repeat .the section (a’'high angle reverse fault or overthrust ‘fault will resultfin a
repeated'section). Discuss the problems of determining the correct sequence in highly défor- ¥

med areas. . /‘

Visit a local outcrop and point out the following features: strata. bed, formation, unconformrty
and com‘act Is the section right side up or upside down? What criteria did you use {o deter-
mine this? (Shdes can also be used to’define these térms.) .

A
Visit a local oufcrop and record the dlfferent types of sednmentary structures. A‘hswer the
following questions. |s the section right side up? Was the deposit laid 'down in quiet water or
running water? What evidence of current action did you find? What types of ripple marks are,
present? Examine the mineralogy with a hand lense. Where did the grains come from”
{Quartz and feldspar are most likely derived originally from igneous rocks.) Can you'pyt
together enough data to determine where the source of the sedimentary particles was” (Use
mineralogy -and cross-bedding.) B
‘Given sevéral mdex fossils and hand specimens determine the following: the correct ages
and hence the order in which the rocks were deposited? {n what environments were the
sediments deposited?- Do you have apy.evidence of. unconformities in the. Sequence?
(Students should be given- fossils that. when placed in the .correct order, mdlcate that one ... .
geo!ognc period s not represented.) - L to A

. ) :
Study a coastal env»ronment in which two or more_of the following are present ~galt marsh
sand dunes. storm beach. beach apd sand, pébee beach, and swamp. Point outiIF Y¢ Dl
sediment 1s accumulating in afy’ of these environments at the same time. Discuss what wou
happen if the sea covered this area and laid down a blanket of sand and/or mud.-
problems of environmental interpretation and correlation would be presented to fut
generations” of geology students? The Open University. Appendix 3 (The Coastal YA
vironmentfpp 34-36 See also the coloured photos of various coastal environments on p. 49"

>
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FARIH RESOURCES

. ~

LEARNING OUTCOMES: AND SUGGESTED ACTIVITIES

L
Econom:c éeology , .
\Resource Probiems '

Teacher Resource Material is indicated by number in the parentheses following mast Learning
Outcomes. Details regarding references, activities and investigations follow the respective sec-
tions of the Geology 12 course. (These are suggested activities only and may be used at the
discretion o,f the tewcher.)
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Our way of e is dependent on minerals, which are exhaustable and irreplaceable. Cities and
civilizations have withered as their supplies of minerals have become deplefed.

Economic mingrals are focated in small limited areas, and as supplies dwindle, there arise serious
social, poliical and economic implications. All citizens should be awars of the resulting problems.

4 Teachers may have covered some of the objectives elsewhere, but they are listed together here
because of their importanc. ‘ Xt

LEARNING OUTCOMES -

dent 5h0uld be abie to:

onlify minerals

JAruiToxt Provided by ERIC
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Geological Survey of Canada, 1970, Geology and Economic Minerals of Canada, Economrc Geology
Report No. 1. Chapter IX — Economic Mmerals of Western Canada (pp. 489-546).

Jarnes, JR., 1976, eology and the New Global Tectonics — An Introduction to Physical and

' 'Hrstoncal Geology Chapter 12 — Economic and Envlronmental Geology (pp. 369-418).

.

Long, L.E., 1974, Gedlogy Chapter 15 — Dilemma (pp. 460-495).

Gllluly. James. V\(aters.&AC oand Woodford, A.O., 1974, Principles of Geology Chapter 21 —
Mmeral Flesources

Earth Science Curruculum Project (AGI), 1967, Investigating the Earth. Chapter 6 — Energy
Flow (pp. 128 153).

Hamblin, W.K., and Howard, J.D., 1975, Exercises in Physical Geology. Chapter 20 — Ert-
vironmental Geology .(pp. 180-186). , v
Brice, J.C., and Levrh H.L., 1969, Laboratory Studies in Earth History, Chapter 9 — The
Yellowknife Gold District, Northwest Territories (p. 158) Chapter 11 — An Oklahoma Oil Field
North of th&l\rbuckles (p..173).

Press, Frank al\d ‘Siever, Raymond . d’s) Readings from Scientific Amencan/Planet Earth, 1974,

‘ Sectlon I —;E&\vrronmental Cycles: (’pp 35-120.

'Skmner. BJ 1976, Earth Resources, The Prentice-Hall Foundation of Earth Science Series,”

151 p.

Skinner, B.J., and Turekian, K.K., 1975, Man and the Ocean, The Prenticé-Hall Foundation of

‘Earth' Science Series; 149 -p.

“ ! R :
Rau, J.L., 1976, Sources of Free Materials for Canadian Earth Science Teachers and Students, 153 p.
(Avarlable from: Geological Association. of Canada Publications, Business and ‘Eoonomic
Service L'td., 111 Peter Street, Toronto 1, Ontario. Includes many references to British Colum-
bia mining ||terature and brochures.) :
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Activities and investigations 4'* : o Ry

1.. Make a 't':olleét_ion of oré ‘ninerals from Wééiern Canada 'By writing to various mining com-

panies. @?dres‘ses”are available in a publication entitled Sources of Free Materlals for

C_anadlgn_-?_arlh Science Teachers and Students, J.L. Rau, 1976. See suppjementary referen-
: . L

'

A g
. CRS. ¢ .. Y v ~ 3
R s £ ' ' Wy & .
2. Study the-lacation of the Eastern” and Western Mineral Provinces in western Canada.

. Although similarities in stratigraphy and structure persist in places for some distance across
the border between these two provinces and similar types ngineral deposits are known in
both, the differences betweentthem are impressive. List ihe primary ore types available in
"both provinces and be able tg;characterize the-differencegs in the geology between these two -
regions. (Geology and Econdmic‘_Minerals of Westgrrf/ Canada, pp. 491-521.)

3. The eastern mineral province of western Canada contains deppsits reflecting broad Fegional
warping and/or subsidence, simple deformation and only lodal'metamorphism and plutonism.
Important examples of the lead-zinc-silver deposits of this province are illustrated by Pine
Point,-Monarch and Kicking Horse and the Kootenay King mines. Select one of these mines
and describe as simply as possible the following: (1) location 6f the mine on a map ofWestern
Canada. (2) the basic geology surrounding the mine, (3) the type of deposit in whioh the ore

e mindrals are found afti (4) the kinds of ore minerals found in each. The keen student may
o wish to study the origin of these ore minerals and collect examples of each for a class
' display. (Geology and Economic Minerals of Western Canada, pp. 494-497 )

4. Invite an econom'i_c"_._'gveﬂqlbg‘is't. to Visit ybur class and div,sc"'uss some aspect of geology, ag it
relates to mineral deposits in western Canada. Such requests should be directed to the B:C.
and Yukon Chamber of Mines, 840 West Hastings Street, Vancouver, B.C. V6C 1C8. *

5. *Complete the exercise entitled The Yellowknife Gold District, Northwest Territories
(Laboratory Studies in Earth History, p. 158) :
o, :
6. Complete-the exercise entitied An Oklahoma O# Field North of the Arbuckles {l.aboratory

Studies in Earth History. p. "173). »

7. Complete the exercises on environmental geology in the laboratory manual. (Exercises th
Physical Geology. pp. 180-186.) .

J

8. Visit the B.C. Mining Museum at Britannia Beach and write a report on the history of mining
in British Columbia or on methods of underground mining. Tours are arranged by writing-the
B.C. Mining Museum, Britannia Beach or by phoning 112-688:8735.

. R .
. “Study the occurrence of sulphide mineralization in the outcrops surrounding the mine at
Britannia Beach and collect examples of chalcopyrite, apatite, pyrite, pyrrhotite. Make an

oral presentation to the class on the geology around and within the Britannia mine. )

«©

- 10. Set up a sluice in the taboratory and use pyrite to simulate gold. Write a brief report on the
methods by which gold is extracted from placer deposits and discuss the methods by which
placer deposits accumulate.»{’”‘ﬁ‘

ey 11.,;-.,&.emonstrate the proper -technique for panning for gold by using by'/rite or ChaI\Copyrite'tb'
Mow simulate gold. o ‘

e,

* 12.. Use a hydrometer, or Jolly balance or any ordinary balance or'Sc_a]e to measure the specific
gravity. of some ore minerals. Explain to the rest of the class the significance of specific
gravity in the accumulation of placer deposits. '

s
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Dempnstrate the use of an ordinary balance in measuring specific gravity. Even a fairly large.

- piecé of rock may be studied by hanging the piece by a string to the scale, taking the weight -

s

.in air, say 50 grams; then lowering it into a beaker of-water and reading the weight, say:30. -
grams. Theseg' two readlngs aré subtracted giving 20 grams, which dwuded into the flrst '
.teading (50 grams) gives 25 as the rqlatlve density of the sample

. . ¥ ‘,
Demonstrate the property of fusibility as a method of identifying certaln ore minerals, The

.ease with which minerals meit in a flame is designated by the number 1 to 7 Typlcal mrnerals

\

and their approximate fusion points are glven below

. 1 .
(1) Stibnite: " fuses easily in the lumincus flame, in a closed tube and\in a match or
: candIe flame; about 525°C. oo _ -’

(2l Chalcopyrite: fuses easily in the blowpipe flame but with dlfflculty in the lumlnous

fiarme -or closed tube; about 800 'C..

(3) Almandite: - fuses easily-in the blowprpe flame but is not fused in the closed tube or
’ : , ~ luminous flame. Flnest spllnters only rounded on the pount |n the gas‘
a o flame, ab0ut 1050°C. . _ ,.f

(4) “Actinolite: thin edges fuse easily’in the blonlpe flame but Iarger masses are “dif-
ficuit to fuse. about 1200 C. ,

¥

(5) Orthoclase: fuses on the edges wuth’dlfflcmty ih the- bIowplpe flame; larger masses,

£ ~ .are not fusedsonly rounded -about 1300°C. ,
 (6) :Enstatite: fused and rounded only on the thinnest edges and pornts of the smallest
' ' pieces; about 1400° C : SN

(7) Quartz: infusible even 'on the thlnnest edges ‘and points of small pieces; over

—

1400 C. PR
. i “ 1 o V

Note: In using this scale. the hottest or oxidizing flame is used and' {he thinnest possible
splinter of -the mineral is tested. These should be held in the tip of tl'le forceps or-
tweezers, so as to. conduct away as little heat as possible. If the sample dectepitates

so that splintersican not be used. it should be ground to a powder, mixed-with .a little

water to form a paste, spread in a thin. layer on chércoal arid heated slowly then
strongly until it forms a thin coherent mass that can be held in the forceps and tested
in the oxidizing flame. \ . ’ ’

If a substance fuses easily in the blonipe flame. but is infusible in the luminous
flame or closed tube. it is said to' have a fusibility of 3; if it is barely affected by the
luminous ‘flame it has a fusibility of 2.5.

-

Ultraviolet rays, also known as "black-light", have found a very definite place in the mineral

- sciences during the past 30 years. Ult’rawolet rays cause certain minerals to glow or release

their own light — a phenomenon called fluorescence — and this emission of “cold light" has
proven of decided value in the detection and identification of many minerals ‘and ores.
Though there are’limitations in the use ‘ét;ultrawolet light, as only a few importan}, economic
minerals fluoresce, the sumplrcrty and“‘é‘&pedlency of this agent have demonstrated that a
fluorescence test.is essential in all prospecting as well as in mining certain ores. Its greatest

usefulness is in the identification of scheelite, zircon, willemite, mercury and petroleum. '
Other minerals which may or may not fluoresce are agate, aragonute barite, calcite,

chalcedony fluorite, sphalerite and semi-opal. Try it out in the laboratory and then take the--.

“black-light" to a local beach at.night and see how many ore minerals can be found: *

Limestone terrains are favourable for this type of prospecting.

<
O
P ;@
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6. The percentage of a given ‘element in a compound can be determined in the following way: If,
. ,";fo[.instance} we wish -to know the theoretical percentage -of copger in thalcop){rite we -
P .+ * ~proceed-as foMows, The chemical formula.is CuFe$, which means. that theré is 1 atomic
« - rass of copper. 1 of iron and 2 of sulfur.in edach molecule. Reft ’ e table of chemical ., -
" elements’we find-that the atomic mass,of copper is 63.57, ¢ gnd of sulfur 32.06: S

2 . Adgihg't%se tdég',ther‘irj the proposiQQ st -in thgue e Nhaves - - . e i
o ’ L 1 X 63.57 =
S .1 x.5584 = 55.84 *
. ' 2 x 3206 = 64.12

Mass of molec&ale 183.53

Dividing the mass of copper.by the.mass of the entire molecule and multiplying the result by “
400 we get the percent of copper, thus: 63.57/183.53 = 0.3463 x 100% = 34.63% copper.

\

.. - Compiute the percent_ages"off_rpgtals‘ in the following ore- minerals: '
; Galena -~ epps

Cinnabar HgS ’ :

Cassiterite Sno, ' . .

Aresehopyrite . FeAsS C

Scheelite Cawo, L

Pyrité : "FeS, .,%-»,\':_

 Hematite s Fe,0, S o, oo .

Chromite o FeCr,0, B e '. :@ | s,

. _ oo . ; ;

17. Some simple chemical tests for various &ements’ should be performed by students interested
in the mineralogy of ore minerals as well as those irperested in prospecting for org mi\nerals.’

o

(1) Sodium Carbonate Bead Test. Treat a speck of the mineral in the soda bead on the:

} platinum.loop with the oxidizing fiame. Effervescence indicates a silicate; manganese
. will co%t green; chromium colors it yellow. Crush the bead on a silver coift and
moisten with water. A darkening of the coin indicates:sulfide, selenide or telluride.

(2) Ammonium Molybdate Test. Add 1 ml of the selution to aénixture‘o.f 1_.ml,'6 ammgnj
molybdate reagent and 1 mi of concentrated nitric acld, and warm. A yello

: indi " N Y
- ndicates Phos?hate % arseniate. _ : N i Sy
. Theri¥monium molybdate reagent is made as follows: mix 10 § of MoO, witF Q '
. distilled water and B ml of concentrated NH,OH. When solution is compléte, pou Awly
with constant stirring into a mixture of 40 ml of concentrated HNO, and 60 ml.of water. -
Let stand in a warm place for several days. Decant or filter before using. Many dther sim-
. ple-chemical tests are given in |dentification and Qualitative CherhicaI~AnaIysis of’
Minerals, O.C. Smith, Van Nostrand Co: ' T e L

.
[} - .

"

18: Distinguish between renewable and nonrenewable resources. Make a list of each gnd collect

~ data on the amounts of nonrenewable resources remaining .in the world.

19. Many of the world’s remating resources are unevenly distributed. Empirés ha'vq fiolirtshed
repeatedly through history because ‘of their control over rich and easily expioited mineratl
resources: but they witheréd with the same freguency as the riches expired. Consider one of
the world's most important metals — chromium. What is it used for? Where are chrome

«© ‘Heposits located? Some have speculated that this métal alone can change the tuture of the -
world because of its present location. Discuss implications of this metal with respect to its
present location and its availability to the world's. super powers. Do the same for several / _

‘. other metals. . . . . .

1
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.24 Discuss'the meantng of

25. Can exponentlau gQQ'wt

A AN

//4}-

/

R

20 A healthy hard-worktgg pe:go‘n €an producejust enoug{enérgy to keep a 100-watt ||§t bulb"

. burning. Muscle power is really ‘'very puny. Our ancestors found it necessqsy to develop sup-
,  plémentary sources of energy. First ariimals, then sails, watgr wheels; wind mﬂlsh steam and
: internal combustion engines, and eventually motors. Supélememary energy now exceeds
. muscle power and comes from coal. oil, and urantum Reverting to m‘t.tscle’*power ‘alone would’

\ _50urce of energy 1o the world. What has to be! done ftrs%?

2.1 :Study a growth rate of the Earth’s human population. What &head& by popu‘latlon doubltng
’ time''? By what date will the presént world popuIat|on double agatn"

L 22 Despite the so-called- green revolutlon and great advances |n‘farming .methods the

population is increasing faster than food produc%lon Even with dreat efforts to expand

productton fromall sources, |nclud|ng the oceaps, it is tnevutable that the populatton must

cease growing. The earth's theoretical carrying capacity is: approxlmately 33 billion pdople

tU.S. National Academy of Sciences). What is the present world populatton and by what date

will. it reach 33 billion. if present Qréwth ra
-

bnng chaos, Nature wc)uld quickly reduce the populatton DISCUSS oﬁe ‘alternative to the '
present ‘soutces of wenargy and discuss when th|s altérn'atwe might beCOme an important -

A [;/%

L%

"

N .
23. Balance and éohtrol of population will demand 'Socletal responslblllty beyond any. titat -~ -

mankind has ever atfained. There is a strong ele nent of persanal choice “in all dectsnons
regardlng populations. Choicé of life styles differ. How will individuals, |nd|vtdu3l countries,
) and regions decide their living standards and tneir stable poputattons will- be?

ponenttal growth rate. o

continue forever’? World consumption ‘of’ m|neral resources is still
. growing exponentlally _eographlc con3umpt|on of mtneral resources is not uniform. Con-
siderthe very uneven per capita consumption of aIumtnum if the present rate' of consumption
- of this metal in North America and Europe continues the known reserves ‘of this metal will not
) last‘tong Write an essay on the posslble aJternattves to present metal consumptlon in‘North
America. _ :
A N 14
26. Canada andNorway 'supply 74% of the worl'd s nickel. Wheré is nickel mtned in Canada and
what 'i it usedr for? =~ .
A
AR S Lt d4 -
27. Canada and South Africa supply 85% o?"the”world s.asbestos. Where is it mined in Canada
‘and what is it used for? Are there any envnronrhental proPIems associated wéth the develop-
ment and processtng of asbestos? : o

.
H

[N
28 . Ctanada, Nigeria and Zatre supply 97%. of/}gﬂorld s tantalum What is it used tor and where
is it mtned in Canada”

“Surinam, Jamaica’ and Australia supply 96% “of the: world S alumlnum Gre. Whatibommon.
. - items in the home.are mades of aluminum. Can you suggest a metpod by which the demand
for alumtnum can be reduckd so as to prolong the present reserves"
o e

30: Most mineral resources ‘are derived trom the crust It is predomtnantly composed of mtnerals

that’ are grystellrne solids. with Specmc nd rather simple compositions. Any walk through the-
i mourualns will reveal, minerals are-not tfandomly distributed. Limestone is a rock consisting
mostly of the miherat- calcitg (CaCO,). Quartzite is mostly quartz (Si0,). Enemical elements
are distinctly segregated ‘The richest focal eoncentrations are ore deposits. An'ore miheral

;. -has economic value but-only because it has an exceedingly high local concentration and a

" low average ,concentratton in the crust. 'Ore deposits-can be said to ba high grade ac-
cumulattons of miperals that are’ ordinarily .too widely dispersed’to be, of ecbnoemic value.
What geologlc processes operate to concentrate valuable minerals in local depasits? |

® +
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32.

33,

34,

35

The 8upplementary energy used by man. frc}m ‘all sources, fs hpw apout 3.0 x 10%° joules per
year. Although this number is enorrhous, it"is small by compdrison with the solar energy
received by the Earth each day: 1.5 x 10* joules. What recent developments have occurred
to focus man’'s attention on the sun as a source of energy and how can the sun's energy be
harnessed’?

Coal is one of British Columbia’s most -important fossil fuels.. It i* the oldest economic
mineral mined in western Canada having first been produced by settlers on Vancouver Island
in 1836. Where are western Canada's coal resources located? Desirable as coal may besfor a
fuel, many difficulties attend its use. Ali coal contains from 0.2 40 7.0% sulfur, present as th,

iron sulfide mineral, pyrite, F€S,. as ferrous sulfate, FeSO,7H,0 or gypsum, Ca‘SO,zH2

"When coal is burned the sulphur is released to the atmosphere. Treatment costs are high.

How reliable are extraction methods‘for sulphur in coal? What does it do to the water? Would
you like to see western Canada's coal production greatly increased. as it will have to be if we
are to.limit the use of nuclear power plants in British Cotumbia. What other environmental
hazards are associated with coal development?

Crude oil and natural gas. the liquid and gaseous components of petroleum, occur together
and have common origins. Crude oil and natural gas are composed chiefly of hydrocarbons
and are found in sedimentary rocks. What kinds of rocks are best suited to trap petroleum?
Where are they located in British Columbia? What are the petroleum reserves in British
Columbia? Note that petroleum. like coal is widespread but unevenly distributed. Many large
oil fields have been found beneath off-shore waters. What problems are encountered with the

_ development of off-shore reservoirs such.as may exist in thg Strait of.Georgia?

Oit which is particularly thick and ws)hs is called heavy oil, or, more colloquially, tar or
asphalt. Heavy oil is a crude oil in thay1t contains large molecule hydrocarbons. The largest
deposit ‘of heavy oil in the worldgs fodnd in northern Alberta and is known as the Athabaska
Tar Sén%ia These sands are now being exploited in a smalt'way —, ,,about 6 500:tonnes of oil
are recovered each day from a 100 000 tonnes-per-day mining opp#ahon It we assume a 50
per cent recovery. the reserve of oil that can be recovered is estitnated to represent 0.31 %

10*? joules of energy. What problems have been encountered in developing the tar sands and -

why is development proceeding slowly. What kind of investment has been required to
develop the Athabaska Tar Sands and where has the capital come from’? Do you think that
this onl belongs to alb Canadians or to the provmce of Aiberta or to ‘the local Iandowners ln

Bt is meant by minerdl r|ghts and who owns them in Alberta? In British Columbia? In-

N

Hot springs are very common in parts of British Columbia, especially in the Rocky Mountains.
'Where does the heat come from that warms the waters of the earth? Anyone who hds been.
. downa mine knows that rock temperatures increasé with depth. Measurements made in deep
drilt holes from around the world show increases from 15C to 75 'C per kilometre; by projec- ..
tion this means that temperatures of 5000 C or more must ‘be reached in the core. Con-
sidering the sfze of the Earth. a vast amount of energy is stored within it. This heat may be .

termed geothermal energy It 1s very difficult to locate places where’ this energy is so con-
centrated that it may be mmned and exploited by man. What special citcumstances offgr a
good deal of promise for geothermal power” Experts suggest that geothermal power will be
locally important but globally insignificant. Nevertheless, British Columbia may be one of the
few areas where i1 will become locally important! Make a map showing the locatian of areas
that you think deserve special study and evaluation for possible sources of geothermal

power. (Hint. Consult a map of the hot springs of British Columbia.) An important reference is -
-Elworthy, R.T.. 1925 Hotsprings in western Canada: their radioactive’ and chemical proper-

ties: investigations of mineral resources 1n the mining industry..1925; Can. Dept. Mines,
Mines Br.. No. 669. -

[y

i roleum geologist to discuss the occurrence of oil in British Columbia and it possible* '

K
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- . °39. Study. the géol'ogy and occurrence of ore minerals i, one of’fthe”foll&ving mines or of a ..
‘ ~_mineral bearing property near your school,_» ’ £ :

K 3’?'..

-

-y
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.:‘ Ny r
" tar-has met with intenge resistance in Brléish Columhia. What factors about nuclear reactors -

- and their-8pent fuel pose threats to life @nd property throughouit the world? Uranium is the B

“Brenda Mine, 6‘assiar.uY'ellowkﬁ'ife,_‘K'imbe,rle{/i.‘. Craigmont, Endako,
. Granby, Lornex, Simitkameen, Utah, Westerri (Addresses of carporate pffices are available .
“from the B.C. and Yukon Chamber of Mines, 840 West Hastings Stree¥ Vancouver, British

: v [ ) oo
. e & '
‘ a” ) - . A . . :
~ o - L . v

clga;:ehyrgﬁ is beqoming more important as 4 sourcevof ‘power in eastern,Can'ada‘ but so

chief source of fissionable atoms but measured resources of uranium in rich 'depp,g;ts are un-

- fortunately not s¢ large as we might hope. Whe're'i_ig-pranl’u m:found In-'Canada'@%ur reséarch’

should.teveal that it'is principally located-in rich vein deposits inthe Great Bear Lake regl,d’%.

_Ndrthwest Territories and’in the Blind River district:narth of Lake Huron in Ontario. How Igh

will:-these reserves last? What will take the place of U*— consider the breeder reactor
the prodess of fusign? : ot ‘ . - S

@#en a province that has-traditionally rélied upon its hydroelgﬁﬁ‘c
jower-rieeds. Where’does the power come from that is used in your com-
it et to you? What problems go you forsee if your local power needs triple
Bpink:that dams should bé built on the maln stem of the Fraser River?
'“fi’sh'-problem". ret e e ' T

) : R,
British Columbia™ haii

3
v

Read the boopislet ,€§{iﬂ_ed’ 100 ways to Save Energy and M‘o'he,y in fhe*Home.»Keep a‘record bof

..any energy sawng" i Qu have employed and computegthe value of the savings after the. 5
from the Department of Energy, ¥

®nid of a givewperiod. The booklet is ayailable free of chargg’
Mines and Resources; Qigwa ar any local office of the’Depastment sugh as 100 W. Pender

Street, Vancouver. s -

i -

¥
’
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- Golumbia V6C 1C8.) - .~ o ’ Y
- 40, Porphyry’zcopper deposit‘§ are wery 'i'r'npo‘rtant‘ in Bl”i’t‘i'sﬁ-Cdlun;bi'a. Study the report entitigd
4 _Porphyry Deposits df the Canadian Cordtllera and also the generalized geological map of the

4.

=%Canadian cordillera that accompanies it. Make an oral presentation, on-the geology of por-
phyry copper deposits Jn British Golumbia and#pass around samples of ores from these
. ‘depgsits. The teport is available from the Depattment.of Mines or from the Geological Survey
of Canada' (Vancouvgr). ~~ . ST . ) '
P , .

.
.

R Tk SR : T . ., T . . *
An'éxﬁéﬁe%&:edmining engineer: proctaimed the development. of the Granduc mine, near the
Alaskan ‘Batder-in the Coast Range of British Columbia some 970 km north of f#ancouver,
mag's triumph-over some of the severest ‘obstaclés nature has.ever placed in the path of
miheral’ diScovery and mine developrient. Nothing in the, Granduc development was easy.

- :The.deep orebody is partially covered by-a gracigf, so: open -pit mining is not feasible. The
. ‘terrdin is t6o rugged, direct access to tidewater-overland too difficult and ‘the weather too

i-fGaOh.GFO"”,‘ ...... 1~ b 3: the ming site Erom the .".‘33-'_952 foacihle con-* .,

ia i i .
iC permit BulGing & concenwraer

centrator 'site, an 184knf turmet had to be‘driven under intervening mountain ranges and

C TNl Sl Ml Giv (o WiT ol (TACiw (T WU

_glaciers to the mine, and a mountain road, siibject to heavy snowfall, had to be’ built to

Stewart, the fearest port, 51 km_@Way. Sfudy the history of prospecting and development at
Granduc copper mine. 1t is.an.exciting story. Write Granduc Operating Company, 890 West
Perider Street. Vancouver, British Columbia for its excellent illustrated bookiet entitled

“Granduc”. @ ‘ . o : ) .
dé.bmy

“The mining industry plays dn important part in" the de{telppment of the Canadian ec
- over the last 10 yeals. Were it not for this basic resource industry, Canada’s export earnings-
.would-have been much’lower, theré’would have 5‘een_si§ni{i;_g'a,rit‘ly less new investment spen-

ding -and there‘would havé been léss improvement in the’Canadian-standard of living. In

1974, miMeral production jn Canada(excluding coal, oil and jas) was valued-at $6.5 billion,

‘the ,eguivalerﬁtﬂ'of 4.6 per'cent.of.the. fotal output ot goods and services as measured by the -

.

ﬁ value oﬁQanada"s Gross-National Product, and -about ferr per cent of the value of the total I

R

. L
‘4 ‘. . N

‘sGibraltar, Granduc, *

e
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pleyment for about. ten por cent of Ganada's total employed Jsi#bur foree and

Y AT, i A / s
' o
‘;’_ou,tput: ol goods—pl‘éduclng lndustries In 1974 the mining mdustry directly and lndlrec\y

. [T
LT -

‘.‘Al.)
o

%1 Figids nt nearly $800, millignon new capital expénditures. Write an‘essay on the mining.industry
LIS -a'ri ltlsh Qlum jia emphasizing the critical tole played” by the wol=ld price ?1 copper in tha’
L S t.ol opper mines In British Cofdmbia e L
T. -';". R .,:-.v .-’: . K y ' . B“'" a , S
E 43. Ma"k_, A -ohowlng the location of British Co”lumbias copper mines and outllhe an @x-.

" RIOKS

_ prclgrarr;xJ which mig‘lit I?ad to the .discovery -of a new mine in British Colum&la
. Wfﬂ.’ ;gaologic factors are mo mportant in Ioeating 8 copper mine? ‘
/ﬁ . e ‘. 5 NS .
44 Piay GET THE ZINC OUT a gameﬁgeveloped by VEEP at.the Unweu‘suty of British Columbia
' and for sale as a. Ieseon aid by the BC Teacher's Federation -

45. Canadas uranium d.posits are beCOming more lmportant as more fuclear’ reactors are
developed throughout the world for power supply. Ganada’ s, mast extensive uranium deposits

r@ quartz-pebble-conglomerate beds in the Elliot, Lake regigh midiudy between Sudbury and

W g ult Ste. Marie near the north shore of Lake Huron. Deiti8on’ Mlge‘éi,lmited #nd-Rio Algom

_, Limited have ?een ‘mining these beds since the 1950’s. and- equc‘l'l’c*be mining-them until af-

.~ “.terthe turn of the century. Madawaska Mines Limited was recéntly incorporated to. recover

.o uranium trom the dormant Cat adian»Faraday mine near Bancroft, Ontano The uranium ores
P occur in’ pegmatite bOdies re :

e

0 ea§tern Labrador two deposus (Kitts and Michelin) have been outlined near l'pokok Bay
) ;by .Brinex Limited, a subsidiary of Brinco Ltd.. Eldorado ‘Nuclear_ Limited’s’4 javerlodge
L : operatlon in the vicinity’ of“f’Uranium City a few: kilometres from the nerth’ re of Lake

@ ¢4 - Athabasca in northerh Saskatchewan recovers uranium fmm pitchblende -bearing veins and

LR reIated deposlts A

ConSOridated Rexspar Minerals and Chemicals Limitedthas outlined a deposit in the Birch
_Island area near Kamloops, Brltish Columbia.-A- slgniflcant fraction of the company is owned

ghy Denisog, Mines Ltd:, Ct e . N
Writé an essay on the assessment of Canada’ S uranium resources and include the proiected
production capacity as well as Canadian uranium requirements and thg@épossible world
demand by the year-2000.:Write for the freé booklet entitled 1974, Asses of Capada’s
Uranium Supply: and Defnand, Department of Energy,-Mines and»Resourcee Ot@a DIScuss
methods of uranium eproration .h L

" 46.

ated near Port Hardy, British- Columbia at the northern énd of Vancouver island It s
operated by Utah Mines Ltd. Estimated reserves are hear 250 mifliom tonnes. of copper-
mplybdenum ore«vuth an avérage grade of 0:52% copper, 0.027% molybdenum sulphide. The

December of 197.1. The origimal discovery on the.present Isfand, Coppar property was made
Jlate in 1965 biy a loca! prospector, Gordon MilBourne, who exposed indications ‘'of pyrite and -
chacopyrite mineralization in a depressier twe overturned ti;ees ‘The Island. Copper
deposit |s a typical copper porphyry. Minera gtiqn occurs in'volcanic andesltes which have
been.intriddd” by a quartz. feldspar porphyry rite” a report on the geology and mrlling
S dp@fatio\ns at-I§land Copper Mine. Make*use of an excellent *bobklet available from the.
o ! company entitilefy*‘Island Copper Mine" W@ WUtah Mlnes ‘Ltd., Suite 1600, 1050 West Pender
© ~ - ¥ Street, Vancouv rLBrmsh Columbia, V6E 3S7. For spacimens of the ores found in the Isind

Copper déposit wpite Utah Mines Ltd., P.O. Box 370, Port- fardy. Bntish Colmbia- VON 2P0

>

7 The offshore ail reserves of eastérn Canada were firs
: newspaperbrinted the massive headllne “ITS OIL!:*The oul, atural gas and condensate
(liquids associated -with natural gas were distovered in- ayw I ‘that was drilled on lonely.
Sablelsland,. 29 km southeast of Ha . Study the excitmg proSpect of offshore oil-and its ,
" futurein supplylng Canada's energy n ds Write for the booklét entitled, “Resouwrces Under
the Sea" available frorn the Uepartrhent of Ener’gy-, Mines and" Resources Ottawa

¢ L4 ’ “.3“.. . . / . o f . ‘ L - "\ . '. >, , e . 4 B ’
. o --\v ,‘v"; ".vl ) - - { . . < ‘ " 85. , 84 '."'. ". o ) ) K .o ? " .
Q ¢« - L - . e, - ~ 1 ’ . - . oL ‘o
lC ] * -, o v, : \’. . ' S ) . s e ' 7 *
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Qne ol the iargest producers of ‘copper concentrates |n ngada is the Isl p‘ber Mine, ,

ed in 1971 ‘when a Halifax-{

capital cost required to -up tha mine was $88 million and the first shipment was made in, -

-
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i 48. AnwlMine in Canada s great North country_' &-a major lead zrno d|Qc6very locateJ awd

" km below- th&,‘Artctic ‘Circle jn the Yukon; thul represendl z ‘asmajor elemed L
";l* ﬂ ‘ecohomic. plcture éf Canada's North. :I% hundreds of Jobi"wheré none ex'li ed. It- + "
& . ‘brought to life the second, argebt communlty lv the Yukon whare.there was orlly sub.Arctic -, - © .
S¥ - widerness; On June . 5, 1965 m Vencower geojogist and.U.B.C. grad ri‘amed “Aho . = :"m
o " unknowingly, camped on top of the oreboqy near Vangorda Creek in the .YuKon Territory. Af-- '
_ter extensive initiad exzioratlon revealed the potentlal of the area Dynasty Explorations Ltd:, a ~ o
couver company,/ as formed to develop the.mine. Eventually Cyprug Mines Corporatldn LY
red .intoa-joint venture agreement in 1965 and “Anvil Mining Corporation was fo¢med. A '
um reserve.of 57 million tonnes bf coptaining 9% combined lead and zin¢ and more.
. 31 grams’ of s:lver per toring®was outlined. Discuss the geolo ~and ore minerals of this
,exciting new development.in the Yukon. An outstanding, multicolout booklet with mal‘ly good . .
. 'bulletin board #ype display materials is*available from Anvil Mining Cofporation, Ltd., 1550
i#. Albernj Street/Vangouver, British C bia and.ore samples are avanlab from Anvnl,Mming Lo
B :Corpotatlorb‘ td., Box 1000 Faro,, ikon Terrltory K o P
49. The nghl‘hél‘?a ’Valley crf s 3 l{:olumbla hasebeen tpe scene of |ntense mlneral exploratlon o
and mining eoﬂvtty at varyles ‘,w ibds since the early part of the Gentury. Earty tn this perigd; .
hl‘bh-gllade ppér- veing % W& were nrined on a small scale with the ore being hauled tb S
- . Qfshog q;sadraw O5hs. In recent years, however advanagsin mining: technolegy
: *  and hlg eriprices, unpl 4974, have permltted ‘the large low-grade mines to come into . .

4  being. On ot the important ore bodies is the Lornex deposit, approxnmately 45 km by'road-

ctly south of Bethlehem Copper Corporation's min&+%n the north side -
of the valley. Rx orebody contains an estimated ere reserve of 266-million tonnes;
ith an average g A0t 0.427 per,pent copper and 0.014 per cent molybdenum The capltal , Nt
/ cost of financing the initiation of’ mining at Lornex is estlmateEt to be $138 million.The Lornex
- «» ' deposit is contained.in_ a roughly-elliptical area, 1:200 km in lengtp 490 m _jn width and at _
least 600 'm in depth and still opeg The prnﬁ’lpal mineralg. in the: Su|ph'lde zone are s
chalcopyrite, bornite, and’minfbdemte wnth minor pyfrite, mfgg,etlte hewtlte rherlum j,/ :
y - osmium, d¥suin, ep;dote calGite and chloute The mineraluzatlcmz‘ ceurg: ainly ds fracture,
\ f|ll|nga§elther in qu‘artz rbonatevelns up to 30 cm in width or dfon [omt‘s slips, anggminute - -

) " fractures, ahd’ as spars ly»d|ssemmatecl;muneralnzatuon generally re racmg hdrhblende,and - S
e biotite. Fractﬂre density and strong -alteration appear to be keys to t @*ﬂ r- graq,e per- . "¢
O molybdenum values. The staft of Lornex. Mlnmg Corpﬁon- Lid. hg ﬁoussed - con- .
|

“  from Ashcroftan dire

1

snderable detail the entire operation.from geolegy to mil in a'booklet that is avallable by

BN wrntmg Lornex Mining Corporation. Ltd., 680 Granville Street,.Vancouver,. ritish Columbia.

, specimens may be obtaihed by wrutth\Lornex Mlnﬁwg Corporatlon Lt R'O“Box .J500,
. B

.. Lo%an Laket Bntlsh Columbla .
- <

50. ‘Placer Development Limited is a Canadlan mlnlng corhpany wrth lnternatlonal interests. It
r ght the Gibraltar copper mine, one of Ganada’s lar t' base metal mines in. terms of
. iy tnroughput, into produclidh. it aiso developed ai Bges the Crarg*ton oopper-
_','at Merritt and the Endako molybdenum mine at Fl'a < Placer has developed 'an ex-
cellent summary of the science of mining in .a .:. |tled “The Mine Development
Process”, available from theii offices at 700 Burrard BUiI#g, 1030 West Georgia Street, Van-
couver, British Columbia V6E 3A8. Ore spetimens may be, obtained- by writing Cralgmont
Mines Limited, P.O. Box 3000, Merritt, British Columbia 'VOK 2B0, where ?per bearing
. minerals are obtained from an underground mine:. Endako Mine, the world's Second largest
molybdenum mine. began production in 1965 and is ‘located about 160 km west of Prince ¢
Gegrge. Ore minerals containing molybdenum may be obtamed by writing Canex Placer Ltd.,
Endako -Mines Division, Endako, Br|t|sh Columbia VoJ 1L0. Gibraltar Mirfes began
operationsdn 1972.Itis a large open pit copper producer near Williams Lake in the Cariboo.
Write to Gibraltar Mines L|m|ted P.O. Box 130, McLeese Lake*Brltlsh Cdlumbja VOL 1P0 for

OFQ specnmens

‘)
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51 A muﬂt co%?oured map showmg the PRINCIPAL MINERAL AREAS OF CANADA is available .
, free of chargg from-the Department off£nergy Mines and Resources, Ottawa. Jghe map (900A
48 at a scale of 25($;gm w 193 km. = *

\

planntng of the mine s|te c ‘gress en pollutton control and space age mining is available.,
““from The Mining Ass@@ ;é f. Canad ..20 Toronto Street, Toronto, Ontarto M5C 2C2. It is
- entitled. WHAT MINI JO CANADA, §3 pages. It includes many coloured photos

. £ ;ﬁknd a g|oSsary of, some rmnrng terms and tools A sampletroo{me g|ossary is concentrate —

. i 'ﬁ) treat re so.that the, rpsw = *iconcentrates == wiil cofitain less waste and’ a highér

S amount of .the valuable mjnéral. Fﬁ many mining operations, ore is conc“entrated in a con- -
'& . .. centrator or miJl on. the surface, then shipped to a smelter, whése  product is then serit on 10 a

refunery for the recovery of. theﬁmtneral aontent by eltmlnattng tmpuntles 'X oy Pl

Perdad
LV e

4

,; . 54\ The Whttehorse CopperoBelt is an?mportant 2.°one of copper mtnerallzatton first dlscovered
' by miners.on their way-to thve KlondikKe in 1897. No staklng was done until 1898, when Jaek
aMcInyre staked 'the Copper. King in: July of that year. By 1899 the district had been wéll
prospected and most of the presently Wown depostts had been stake.ddSThe property-wag in-’

‘ termittently actn/e from 1900 t6 1912 but be en 1942 and 1917 major spipments were made
s © from thg Pueblo property. The Pueblo was ¢1Bsed by¢ jor disaster A March. bt 1917 when |
" T Q’roundt movements trapped‘*‘gﬁ‘ fimen undefgroum ree were re cutggput‘slx lost -their :
Y - ~lives. Subsequent actfvity 1aék-ace periodically betweeh 1927 "agnd 1 *but was mostly "

*. - - _:inactive unti} after world war,lt,e.f 1971 a joint venty gavith "Hudson Bay-Mining "
> L7 }' and Smelting and Amcan. THE pppper belt lies Bn th - r'_a,orth',weste’rly'trending
.'Yukon. River valley. The main krown dgp: sits” ligk :
_*bathofith in skarn.zones dev ped wher®/Tria
v trusuve ‘information on thfs belt t may be ?btaln Mr. i ehorse Copper Mines Ltd..
‘ o ‘PO Bpx 4280 Whntehorse Yukon Territor 7 -7 C o

‘55 Simyka n Minin ’%ompany Ltd has a majoNO r mine -near | Prtnceton Brltrsh Qolum-

" big Earlydgopper showifgs ave been known.on wha&s now company préperty since, béfore
the tuen of & _e.century Var mounts of m?successful devel op ent@)rk were.done bef

, grCopper’ n area west. of'the Similkame®r’ River was acquire@.by he

: GNanby C sotldated M|n|ng Smelting. and Power Company: During the perlods 1926- 1930

an 37-167 Granby successfull; produced copper from the area. gym approximately 31.

‘

million tonnes of pre, grading about 1% copper. being mined and coace’ntrated in December - - ~
, 1967/Newmont M}ﬁng Corporation purchased all of the Granby holdlngs and in,July 1979 a .
go- @head deCISI wag made by Newmont . . Y

. Far

The ‘trfgerbel 'and Copper Mountain orebodies lie within a 4 300 km t;ty 1 100 km belt of
Nicola rockg. Theseé rocks are composed of andesitic tuffs and agglomerates léssor amounts
§  of flows, and some Iensy siltstone layers. The: volcanic bett ‘is bounded on the south by the
Copper Mountain stock consisti f diorite, monzqnite and pegmatitic syenite. Chalcopyrite
mineral zatlon at ingerbelle o‘ as disseminations, disconfinuous fracture-fillings and)
coarsé blebs. Sulphide veins up Yo several centimetres thick are rare. The Hdst rocks are
maytly altgred tuffs and agglomerates. Ore reserves recoygeable by open ‘pit mining at Inger-
befle are estimated at 41 mjllion tonnes of 0.53% Cu. Two smaller pits aré logated 8n the east -
- de of the valley and thelse ¢ontain an addltnonat 27 miilion tonnes ‘of 0.52% Cu. A book -
‘ /entltl d THE SIMILKAMEEN PROJECT describes the mine ,and its geology. Wri e . °

Slm/[kameen Mlnlng Company Lid., F’O Box 520 Princeton. British Columbia VOX 1WO. !
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. 56. Saveral excellent’ brochurés are avallable from Comingeo Ltd., 200 Granvillg Squar Van-
couver, British Columbia V6C-2R2. These are entitled: COMINCO AT WORK, HIS OF

. COMINCO, QUICK FACTS ABOUT COMINCO, HOW WE DO IT AT TRAIL, HOW WE DO IT

AT YELLOWKNIFE, HOW WE DO IT AT KIMBERLEY. The Coniinco mine’s most famous ote’

- deposit at Knmberleyﬁ,Brttrsh Columbia is termed the Sullivan orebody. The surface outcrop-of

. the orebody was found near the present site of Klmberley. British Columbia in,1892. Building

- g{s of,& small copper-gold smelter was begun October 10, 1895. BSF. Augustus Heinze at Trail

réek Landtng tor the treatment of Rossland ores duscovered at Red eyntain.in 189
tnze built ‘a n‘arrowsgauge railway from Trail to Rossland calling it th "Columbla

¥ ,w Western Railway”’ and in, 1898 it becajpe part of the Ganadian Pacific Ftaulwayr By 197.

‘

Fs

~ Inst. Mtn Met SdemaﬁVol 8 by Freeze AC (1966).

5

%

' “today. ‘The four prospectorg chmbed McDame. moumaln and thete’ it was

.~

. %\g Sullivan ore body is essentually a sulphtde r@placement of certam arglllaceous and"stlty

Cominco company revehue was a record $792. 7 mulluon?ettdrng net earnlngs of $86. 3 rhntlton

B .

s in the Aldridgé formatiof of late Precambrian age: The, der?osnth a‘large lens that be-
’ ptes part of the crest and eastern flank of an “antic{ing '
main ore minerals. They are associated with pyrrhot,utg 4
ttemolite, clinozoigite: tiygmite, tourmaline, garnet, bioti
. replacemerit of the onﬁ beds the ore.is distinctly 1aye
scale is .common. - ‘-

e *_n \‘1, < ,_:

leng@n'd sphalgrlte are the
_uaﬂz” Ehorite; musce t

e. As a tesult of sel

nd. fQIdtng on a Iarge or smaII

-

X

One:aspect of the of%n of tﬁe ore in'the Sulltvg ore body i9 retated“to plate tectonics and

Geology 12 teachers may want to make reference tg.thi$ when thiey dlscuss the economic
geolagy of British Columbia. Recent: discoveries of metalltferous brines in the Salton Sea
area and thg Red Sea, a r|ft zone, have.influenced present day concepts of ‘ore gépesis in'the
Sullivan body. Unfortunately due to the- effects of regional metamorphism the cr|t|ca|
relationships required to prove that the zinc and’lead at Kimberley were derived this way can-

" not- be, proven. A conventlonal _hydrotherthal- replacement or|g|n is supported by the

association of the massive and’ sometlmes transgresswe ore:with extensive altération zongs
in both the. footwall'and hanging wall of the uppermine »Thlsiheor-y however has dnfflculty in
explaining the delicate andtalthﬂn reproduction ot’what appear to'be sedimentation teafures
in' the jower parts of the’ mme One of the best papers onthe origin of the vrebody at Kim-

hgrley is entitled ‘On the Origin of the Sullivan Orebody, Kimberley, Brltushﬁolumbla Can '

‘f""

Over a hundred years. $go 5000 men. were searctﬁag for goll i the Casstar area of Brmsh .

Eolumbia. That was nearly thlrty years before news of the reaf: Klohdlke gold rush rupped
through the world iike a raging storm. The Cassiar gold‘se Kers who had struggled inland

serious. business o(‘turnlng themselves into overni millionai A few became wealthy.”
But the rest simply camg. worked, and then depart “All that is Iett of .those lively days ts
evrdence of tmhe oid go|d. worklggs and the rottfhg remyins of Ceéntervjlle, an early goid rush
boo#n town' just 32- km down thé-road from Cassiar, Evenin those days the jans spoke of. a

~ [1 € &
..w: hill" &= M north. and birds that built their nests of white fHuff that cd'utd

'ragmg fices of tl]q (orest And- the early gold seekers noted that. a'prom
serpentine rockxerhtated across the fugged face of Mc mbuntam Cthets told tales of
.mountain sheep cq@t’ed «with a yeliow-green fiutf that ca ear y mountain sporting
ing
x“ .f‘:,

a 'whiteé plume’. And the talk went on. but nobody did a
sbroke out Victor Sittler of Lower Post was a mechanic w Alaskg Highway main-
tenance -at Fqgt Nelson. He had heard all the myths and nds about McDame mountain
and reasoned jhat the deposﬂ\muSt be asbestos. But it was not until 1950 that Sittler and
three parmers fought ‘their waythrough the mountaunoué country o re Cassiar stands
great out-
enuned

cropping of’ yeIIownsh oxidized asbestos Read the rest of‘the story in the: bodk
SIAR. an excellent source of- many potentid-bulletj board photos and e}
|ne and the underground mtntngoperatuon of §
book|etﬁobtamed by wtiting: Cassiar Asbestos

Tower 1055, West‘ﬂasttngs Street. Vancouver,.

rporatlon, Ltd., Surte
oolumbta \V6E 3V3 ,

ithstand the |
iNg¢ gréen band of

f;Om the Pacific Ocean spread out along. the bars of McDame reek and commenced the, -

When World War Il
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58. The Brenda deposrt is 225 km east- northa,ast of Vancouver and 23 km northwest of
Peachland in the southerninterior of British Columbla ‘The area around the depost is typified
by gentle rolfing, tree-covered upland. During the late 1930's and early 1940's the Sandbergs

~ of Kelowna worked- on their "'Copper K|ng property exploring a 30 ¢m chacopyrite~
L molybdehite bearing quartz vein. They. abandoned’ their claims in the early 1940's and the
property lay dormant untij.it Ms rediscovered in 1954 by Bob Bechtel, a weekend prospector
from_Penticton. Between 4 and 1964, several examlnatlons .and test drillings of the
property were conductéd b;.mthe low copper and molybdenum grades and lack of demand for
molybdenum discouraged the investigators. With-funds optained from Nippon Mining Com-
pany and private individuals, a detailed exploratian program was initiated in 1965. Noranda
_ -Mines Limited began providing major fmancrng in June 1966 and now Noranda holds 50% of
# the'issued common shares. At start-up in-early 1970 the Brenda orebody had proven reserves

of 161 000 000 tonnes grading 0. 183% Cu._and0.049% Mo and by Januaryof 1974 reserves

L 3

were 124 000 000 tonnes of 0.179% Cuand '0.046% Mo Capttal outlay requrred to develop the

Brenda property was $635 millions,.. - .

Tfh ﬁ'enda orebody is Iocated within the Brenda Stock, a quartz dtonte of Jurassic age

which intrudes the' stratitied tuffs, tuff ‘breccias; argilites, and_limestones of the Nicola

.Group., Mineralizatior¥of econdmic %de occurs in a strongly Tractured area 790 m long ﬂg
469 'm wrde The ore mlnerals;;tre c

occas1ona| magtietite.. These oré mine, als occur as fillings within fractures. Disseminations

l e rare except in area$ of integse hydrothermal alteration. Write to Brenda Mines Ltd., P 0.

's'f ritish Cof ia VOH 1X0 fgr their exc:iille

; PR

. the history of ownership,
\Btodyd tion equipment, ‘mineral
mobY advanced in the industry.

fent foous for students enroliéd in schools of Wllﬁﬁms Lake. The Glbraltar property was
sovered in 1927 and was known as the Hill property. The Pollyanna was. discovered in
. 1910 and at that time, was known as, the Rainbow group. After-manfy periods in which'claims
‘'were allowed to lapse and so}ne ipdermittent periods of minor production the Duval Cor-

K poratron Ltd optioned the property in 4. Duval participated with Canex-Aerlal Exploration

“of the issued shares refitar . Mues Ltd Y S

..of_thea ey reveals tha /tn the vtqt ;Gramte Mountain the oldest roclss are
SRR metamorphoséd sedlmentéry andvolca cﬁof the Cache‘Creek group of Per-
mian ag‘ Batholithic intrugives of.Jurassic- Cre“o e intrude.the Cache Creek group
in the Granite Moiihtain area. The batholiths are composed of gragpdiorite, quartz diorite,
- diorite an®
- tabma ; gionally: foliated and metamorphosed quartz diorite occurs which has a ‘chlorite i

-‘r dlortt

" foliated quartz diorite that the Glbrartar Pollyanna copper-molybdenun;} deposits occur.

- Deformation of the quartz-teldspar porphyry mtrudf‘hg the piluton reSUIted in a fracture, system
Y. which is controiled by the regional foljation. Within ‘the fractures. the sdlphide zone is
: localized. 1t consists of a chalcopyrite-secondary éhdlcocite molybenite zone between a low
- . $ulphide core-and a pyritic halo. Write Gibraltaf Mines Ltd. MeclLeese Lake Bntnsh Colur'qbla
k " for spegigens and information. & - kS

.gniessic varieties of the above rocks, In the'iglnédiate Weinity of Granite Mo%n-'

rgin. Calcareous members of.the Cache Creek’ group |oca|l¢»’ahow some skarn
. devefopment adjacent to the diorite-contact. it 1s within the regionaity metamorphoseo and‘

Icopyrite and molybdenitas#tlong with.-minor pyrite and

booklet with many coloured °

59 Ti thrartar Mme? Ltd coppe{ roperty located 160 km south of. Prrnce George is'an ex-.

an equal, basrs to.explore the claims. Later, Canex bought Duval s'interest and by

[
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ts will study the Earth along wuth other inner pla

N ed in the preceding sections from-an |nte|‘planetary perspective An at )
_.-made to iphasize that,the Earth is rfot enftirely ihiquein termg of itg ngm history L %
g evoltmon. ‘various tectonic and g&omorphglo fical features and geologlcal -
3 .-.: wi ,' . ontmue o affect it from within or outside. _ . w
THE EARTH AND THE ®OLAR SYSTEN V‘ " : v ¥
: ~In thns umt’students are mtroduced to tl"general features of the Solar Systsm as well as some of
' th%atest dlscqeries made about the planets. . d""ﬁ . ) ;
i : - N L@ ' .
y LEARNING OUTCOMES . R .
’ : s
- The student should be able to ! v -
2 . # EEREE, Ll : - .
1. Describe, the members of the solar system. . : ‘ .
LA ' ) R ‘ »
7‘ & [ V i . ) ,
«'{ ~s (Activity #1, 2) . g7 os, “ ﬁ"ifﬁ' . : _"
. A 3 e
> Prqpose and defvnd the criteria which help dl(t‘?’ the'Rlanéts in two groups,, the inner planotg (Mer-
TN . " "_t'fnly, Venus, Earth and Mars) and the o wﬁglane o
. VA ' L4 i 7’/ ,:\'
(Activity #2) P
. 3 Compare the kinds. of contributions made by the modern manned/unmanned space probes to those ma de by )
carly. and modern astronomers to the pn'cent grate of undersmndmg of the Moon and the solar systkm -
by . . . P e ";.‘ &w
-,:., ] ” _{r ) IR VS
- RA Ctivigy #3 P8, 10.14) . L
’ 5 ’
4. Discitds the nkgjor dmnm ru s about ﬂu' Moon the ﬁldpets and tjugolar s)stem male during the past tz_'qo)'
) " decades. =S . . 3
, % e ) o
. T i s - ‘ '
1 o v b ’ i .
(Activity #3. 4. 6.7, 8. 10, 14) _ - e J ;
“ / . . - R ’ ‘ - - KN “.‘ .S .. el
\E . 5,  Discuss some limiting factors, and the nj'?urﬁp(ibns, ~wnsid,ered\in the study of the solar systent. . \
L5, N Wl R LA iR
o J : . .
' Y <. Ch =", o :
’ BN : ,@’a - - P PN ‘
g %Acﬂx #1.5:11.14) - . ) q S S <
. ‘ ) - ' ‘uv‘a‘ L ! '}G:a"y . . s
- Note:\ See References and iyities and Investigati'gns" at epq;;’gt':this'Section.'
. - ’% . ~ N i v . . 5
‘% Ny ) . B e, .
- ’ -
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. THE EARTH-MOON SYSTEM' ) ’ ‘

- Thus unit deals primarily with’ the geologucal structure and evolution of the Moon as it rejates to
Earth. It should be emphasized how lunar exploration has yielded information about the early history

of the Earth-Moon system, as well as the inner solar system.

LEARNING OUTCOMES -

RN

N .
The stude{ﬁ should be able to: _
i Descnbe and dxstmgmsh between the different gross physical features observed on the near and*far sxde .
}' the lunar ;urfa,Ce
B )' <
(Activity #3, 4, 11)  ~ =+ | L :

' 2. Suggest reasons for the differeytccst between !'he.; features observed on the two sides of the Moon.’

(Acthlty)Q 11, 2 . . - 9 . :

. * 3. Compare and contrast sume of the physical feamres ubse(geii on the Moon to those seen on the Earth’s '

surface. - _ o - £
Q'ﬂl i L’ - . N g’ 'l‘"
| R 5
(Activity”#a 5.9, 11, 12. 13, 15) . A b e
b -
* 4. Desc rxbe major. acpecls of lunar geulogv, internal structure, chemical and mineralogical cha racf‘enstxcs
- of {lunar rocks and compare Hmn to those vn Earth. “ .
’ # “."‘ ’ »
:;"‘ v ‘, . % . .
¢ . - (Ac?wuty #3, 9 12, 13, 15) . o
- O'l Bs.. « j . i
i 54 Dyscnbc varions kinds uf craters identified on the "Moon and discuss some theones to expl&m their
w ongm and qeologrcal/q,?mxcal evolution” of the Earth-Moon system. - s
>

” t...';\ﬂ"_ “' ‘ ,i, ’ . L ’ | f{; P .

"'#3 5.9, 11. 12,13, 14, 15)




_ rue",mugn soum sva*‘tﬁm v T L
L : ,_;‘v o e a . : Lt )
qents “ should* enc,ouraqed fo us&»the concepts learn%n thls and the earner secthns to. )
{ne th  sarth as ope of tire! planetary’ a"’dies 9*0"9 with otor.inner planets Major ideas about, _

A% (Activity, #5'6 789 1118 T e ' Lo N
?:Pg; . 6 v -
T iscuss currerlt theories which attempt to. relate the geolagy and mtemal stfucture of Mercury, ars
. s, ) and Venus to 1;ﬁose gf the Earth and Moon ‘9 NS ) - b
j‘.17 ) i L ) ., “. .; . ‘ :A ‘ : - ' ) ":- .v-. % N3 - .:“ o .
. (:} . r - _,‘. ST el . - , .
:’t (Ac“v'txﬁ #13 14 15) - ‘e : ’ ' it _'; Y 3 . \.n oW e
'f’ ﬁ‘* 3a DlSCuss th{?yrem {heonea wlnch attempt m e)(plam ;he ongm and, thegedhgxcql evoluhor?of the inner R )
S slersystdn oo S el T e
,~ . K .. ,_.." :'ﬁ. . . . < . ia -
. (Actl\Aty #14 15) . \: i o v . P ‘- % k) '\-‘ ) ‘.«‘ . . ® e N
T - X . - ‘- : e . . %‘}’.
* s Descmbe some modern th ories whxch attempt to explam the origin and evolutwn- ¢ solar s‘ystem asa .
_ whole and explain the dlfflcultlt’s in formulating a genemlly acc'eptable ; .
i N ) . .' 2 '1' - .4 \’ . .
- R o °- ; o .. u ‘
ST .(Actw:ty #14 18) ot s o 5
T b Idermfy some- z;nexplaxned observatwns and unsolved pr s which Scientists /A
R vlnm:’r sofar system.” - “ ) P B S & '
o . (A(‘tlvnv #10 ‘FS‘ 14 15 {5 - oo : : <Py
ﬁ; ? , . : . : _ . e - - .
NotO- See References and Acﬂvntnes and Inve igations at end of this Section., . 2o ,
. A -~ . v L -v. 4 !
ROfOfODCOS - b.‘( A U S . : B ‘
Note' Due to the' very spegial nature of thls sectlon se, eral references listg low are np‘hn the .
n lists :of Geology 1 presg ribed textbooks or. supp ementary refereng€ teits. Many excellent  * .
! pupiications are s%u in phess and will becgmegdvailable in the corm'_g m nt,hs lp the list off - =&
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,,_Colurﬁbla V6J 3H9, 1977 B L S e , -

Long, L.E.. Geology, McGraw- lel Book Comapny 1974, » L e
‘N"_“S 8. Goldthwalt L., Earth Scwna Glnn ahd Corlng'_‘%]gm. o \‘ e

ng EA Space Gvolox’v An Infroducflon ".‘Jo_ .l"l'e"y & Sons, Inc., 1976' *"‘ ’
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;Nofa' The followmg sp

s

o 7.
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13,
14
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#Y’he Solar Svsfem Scnentmc Amerlcan Repnqﬁ ;'

Exploratwn of Planch M

t!ner Pioneer and V:t
Federation Lesson Aid,

CTF Lesson. Ands Setv]oe 2235 Burrard Street Vanoouvar]/BMi’sﬁ

Mayhew and Evans) David and-Charles (Holdings) L!d Great Bntnan, 1974, o,
Tatch& J H., The Moon Il< Paet Dawlopmcnt and Prcecnt Behakur Tatch Assocuates. Sudbury
Mass 01776,: 1974 .

| d

¥ ' ' ) C
Soffen G.A., et al., Scwnhfu Results uf the Vlkmg Mlssmn churfs Scnence (AAAS) 17 Decem- o
Ber, 1976. Vdi. 194 No. 4271. . 5 } . ,
YR o . o -

OrdwayJ R.J. Earth Sczcna (2nd Ed.); D. Van Nirand Company. $972 .

v

Press and Slever EaH WH Freeman and Eompany. 1974 . ' .;' B .o

‘o

N’atmhal. G%i%h:c Articlés; January, 1977 (Mars As'."Vlking Sees It and The Search for Life);
F@bruarxy, 7

(Apollo‘ -

; ;(plores the Mountams of the \ ong December 1972 tApoIIo 16‘&Br|ngs Us
V|s|ons ¥

N
“Sghace):..and several others. L T - R S

Y

o \ -
NETY Whatq up7 Problng ‘the Natura}\world/Level III Intermedsate Sclence Currlcﬂlum Study '
'fiModUIe Sllver Burdett/GLC \ :

.. A “‘ ’ . i "

5(Mysterious Jupiter); Jurle, 1975 (Flight-to.Wemus and*Mercury); My, 1975
“(The Ihqredqple UrivEcse: Seven Men. whyp -Solveq the Riddles’ of the Cosmos); February 1972
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4. The exercise above may also. be used to explore/the origin of the names of Iunar and othés'\
planetary features. Many of the faatures on'the mooﬂ were first named in the 17th century”by
an Italian astronomer, Riccioli. To him, the largest dark patch on the moon was an “‘ocean", )

» those a'little smaller the "seas’ ‘or.*qulf" or "Iakfs ¢«and so on. The termrnology is still in° ‘use m

today.and reflects the then pt’e\cathng hypothes s about the ortgtn of various features on ‘the i i Y
moon. . _ i , d . B ﬁr
! 4

. “The lunar craters derive thetr names atter the famous Greek philosophers (Plato Rtolemy, Ar-
chimedes) or famous Renaissance flgures JCopernicus, Kepler). The lunar farside was first
photographed by a Soviet Sgace Probe and features landforms named to honour the Russian

scientists. -\ e S

The students may _ further be asked to investigate the origin'of the names given to major
topograpt;nc features on Mercury and Mars such as Olympus Mons, Caloris bastn, Kasen
vallis. * . - .

° 5. Surface leatures on the earth are products of complex interactions between different '
geological processes often unfamiliar on the other members of the inner solar system.
Students may be assigned to study and analyse high altitude photographs of the earth, the
moop, Mars and Mercury and’investigate 'the following: . - .

(a) what are the kinds of landforms common, on, and distinctive of, each planet’7 What are
5 their relative abundance, and why?

(b} what are- the kinds of geologlcal mrocesses (ot thenr absence) which heIp create (or
- destroy)'these landforms? = | .

(c) speculate to indicate how the nature of these landforms and the geological processes
" may have changedvtn the past, and may change -n the future. ; re

See Blcktord photographic essay: "Circular Landforms’, pp. 114- 121 Hamblin and Howard,
pp. 61, 67, 150.,152, 174-180. 188. 192, 194, 196. 200, 204 212, 216, 218 229, 'Exploratlon of ty
Planets’ (BCTF Lesson: Ald) slides; Press. and Siever, Chapter 23, pp. 794-823." ’

.o\;

Lab exerctse in Hamblin and Howard on p. 166 is an excellent way to familiarize the students
with the geology. age relationship of the landfarms, and the nature of crater ‘ejecta’ Iava-
flows, and the possible origin of various Iandforms on the moon.

See Hamblin and Howard, éhapter 19 (Geology of the Moon Mar$~and Merc/ury) pp. 166-167,
218-227; Tatch, Chapter 12 (Summary and Conclusions), pp. 256-2689; King, Chapter 6 (The RN
“a . Moon), pp. 153-169; Bodechtel and Gierloff-Emden.,. (The Moon, Satellite of the Earth), pp.
’ . 165 176. -
( , : L
¥ 7. Lab exercises in Hamblin 'and Howard on pp. 168, 170 172, 174177, and the accompanytng
Mariner 9 pictures will provide an excellent basis for-students to understand the basic con-
cepts of the gealogy of Mars. The exercise also makes an attempt to compare the Martian -
surface processes with those on the earth.

-

These pictures may be supplemented with more provided in the BCTF Lesson Ard ‘Ex- .
ploratton of Ptanets’ and the accompanylng teachers guide. :

See Hamblin and Howard pages as indtcated above: 'Exploratlon of Planets’, Teachers’
Guide; Janes, Chapter 13; pp. 439-441; Ordway, Chapter 23, pp. 576-580; Press and Siever,
Chapter 23, pp 817-824: 'Tha\Solar S$ystem, MARS, the arttcle by James Potlack.

8 A labexercise in Hamblin and Howard on pp. 178-179 will also provide a good introduction to
the basic concepts of the gaot,ogy of Mercury and attempts to compare these features to
those on the modh. . )

As in the case of the earlier activity about Mars, additional ptctures of Mercury are avattabte
in the slide set by BCTF. . ,

103, -




It has been suggested that the surtace of Mercury resembles that of thg moon. whereas its in--
te(rior may be more like that of the Earth. This observation may, hoWev’er, be,only partially ac-

qeptable .The students may be given.the task of.looking closely-at selected pictures of the .
moon. and Mercury. as well as consider other relevant informatian such as‘the bulk densities

of the three bodies and collect evidence to defend or contradict the statemenf Some specific

. /'questlons which may be considered, ‘are: R EE P e >

; (a) what specmc evndence has been uncoyered to lndlcate that Mercury may have a metalllc

*(6) Long, linear features |dentmed as. scarps are sebkn for hundreds of kllometres dlspfay{ng a
crps&cuttnng relatlonshlp wuth craters and lnter-crafer areas on Mercury What may be.

<y (c) hat catastrophic (or otherwuse) incident may have caused the formatlon of huge impact
’ asin on Mgrcury called Calorts Basin? What are some similar huge basins on the moon
) and what s known about ‘them?

» 9. Craterlng is/ an rmportant, planetary . process.. Students may be asked to |nvest|gate the
_general ph nomenon, possibly with the help of self designed &xperiments and the study- of
- " the appropriate photographs. Some aspects which they may consider are, the Kinds of craters
’ . (lmp%ct or iolcanic), morphology of craters, relative abundance on a planet; presence of an
¢/ '.atmosphe e or a lack of it, the value ‘of surface«gravuty. etc c o .

t

(p) are there any -meteorite |mpact craters on the earth” In Canada? On a map of Canada
- 16 ate all faftous |mpact craters What is an astroblem ? , /

See, Janes, Chapt.r 13, pp. 419-426; ‘Exploratlon o! Planets’, T‘eachers Gyi
5 (Igneous ActwrtyNoIcanuc Topagraphy),. pp.; 124 128; Bickford, Chap-

1-91 and 95-124, res ectlvely , H

-

10. Most schools and the pubhc I|brar|es contaln aqmumber of OUthf date’ books deallng wuth
planets and astronomy. These books were ‘published more than;ten ye rs"ago. Students may
be asked to study a number of> ese books to help them answer questlonsmke the following:

(a) what are some earlier models\of the planets S\JCh as Merf:ury Venus Mars, Juprter and
the' origin of th& solar system? .

(b) what kind of discoveries were clal\aed to be,fnew and revglutlonary in the early and midtle
’ 20th century? How do they rate with thoge belng made now? .

(c) what is the role of manned/unmannerksp ce probes m the field of pIanqtary astronomy
today? »
(d) what kind of questions were being~’as d about the pIanets about 25 years ago?

; (e) what were the expectations of the ast no‘vgers in terms of future discoveries in space
/ sciences, before 1950’7 : - ‘ .

N L.
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11 S Detalled geologncal maps .of thery oon are already available and those of Mercury and Mars
are likely to be published.soon. x“same is true. of the redlef maps_of these planets. The~
students should make scale models dt the features Ilke e ones listed below;

12.

13.

14.

' {e) Lunar Orbiter view of C}'ater Copernicus.

-

(a) Martian terrain as seen by the Viking randers
(b.) Olympus Mons, as seen b)’l Marlner 9 and Mauna Loa in Hawaii or Mount Baker at the
same scale. -«

-
)

(d) nearside of the nar surface shownng major craters, marna and rilles.
(e) general terraln orvfMercury shOW|ng craters, ridges and scarps

. Some related aspects to consider are: what kinds of rocks are known to be found on these

planets? What willk the area look like if the pictures returned were in color? What material will
make the ‘models ook more realistic? What is the resplution of the plcgures belng used to,
make the models? etc.: /j

s '
-

See, National Geographic, issues listed in Reference Cited and several others; Exploration
of Planets (Teachers' Guide), BCTF Lesson Aid; Ordway, Chapter 22, pp. 552-559, Chapter
23, pp. 578-579, Goldthwait, Chapter 9, pp. 195-200; The Solar System, Mars, the article by
Pollack, Mercury, the article by Murray; Long, Chapter 2 (The Double Planet), pp. 28-39.

.Several excellent activity and investigation ideas are included in ISCS Program module

named ‘What's Up? There are several activities dealing with the processes of formation of
craters, impact craters on the earth, photographs of lunar craters taken with varying angles
of sun’s rays, origin of craters on the moon. As well there are several excellent p|ctures of
lunar features.

See, What's Up?, Intermediate S_cience Curriculum ‘Study Module, pp. 55-89.

The students may be asked to investigate the internal structure of the moon, and compare
that to the internal structure of the earth. This can be done through a study of the seismic
phenomenon which is reasonably well documented. They must be made aware of the fact
that there are several seismographs on the moon still continuing to operate and send ¢ata to
the earth. They should investigate the nature of P. S and L waves and how it helps un-
derstand the internal structure of a planet: .

Some questions which may be probed through the suggested readings are:

(a) what are different models of the lunar interior? ' »

)
(b) what specific information has helped sciéntists reconstruct these models?
(c)what are major differences between the lunar and earth seismicity?

)

(d)what is known about the structure of the iunar crust?

See. Long, Chapter 2. pp. 3842, King, Chapter 6 (The Moon/Lunar Geophysics). pp. 2)5-219;

‘Bickford, Chapter 1 (Earth’'s Place in Space). pp. 41-42; Tatsch, Chapter 7 (Lunar Structure

and Composition). Chapter 8 (The Moon's Thermal History). Chapter 9 (Lunar Magnetism).
Chapter 10 (The Moon's Seismicity) and Chapter 11 (The Moon’'s Gravity Field), pp. 130-185;
Stokes, Chapter 7 (Cosmic Beginnings), pp. 161-164 and Chapter 8 (Structure and Mechanics
of the Earth). pp. 168 188.

Ask students to read about the theories of the origin of the solar system especially in their
proper cosmic context. Students may make a list of some diverse observations which must be
accounted for by an acceptable theory. Some of these observations are: why are the inner
planets rocky? Why are the inner planefs smaller in size? Why are planetary orbits in prac-
tically the same plane? Why does the sun possess about 99% of the total mass of the solar
system but only 2% of ils total angular momentum? etc.

£
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Students may also vnve.stlgate why itts difficult to come up with a model of the solar system
and its origin at the'present state of our knowledge. How-some of the earli€r models have ,
become obsolete in the light of new information about planets. Students should be made to
realize that the new data has on one hand provided answers to questlons but on the other
hand tends to raise new questions.

v See Stokes, Chapter 7. pp. 150-166; Long. Chapter 1 (Cosmic Beglnnlngs) pp 2-20; Bick-
.ford, Chapter 2 (Earth in Evolution), pp. 47-63; Tatsch, Chapter 1 (The Orrgm of the Solar

s -~ System). Ordway, Chapter 12 (Origin and Development of the Earth and its Crust), pp 309-
a - 312 _

15. ‘Students may investigate the chemrcal makeup of the Qh,qels and the inner solar system but
finding out about various kinds of meteorites, surface and bulk chemistry of the rocks from
the earth, the moon and Mars. A great deal of literature is available about the chemistry of the
earth-moon system and meteorites. Some questions worth investigating-are: What is the
geochemistry of the surtace rocks of each planetary body? In.what ways are moon rocks dif-
ferent from the terrestrial rocks? What are different kinds of meteorites? What to do when

. one discoyers a meteorite on. the Earth” What is a meteorord a chondrite. a meteotite, a
tektite, etc.?

Y} .
«See, Blcktord Chapter 2. pp. 58 63; Janes, Chapter 13. pp. 319-426; Stokes, Chapter 7. pp.
161- 166" Long, Chapter 1.-pp. 12-15, Chapter 2, pp. 23-31; King, Chapter 1 (Meteorites).pp. 1-
61, Chapter 2 (Téktites). Chapter 6 (The Moon/Lunar Sample Analysis) pp. 169-219; Tatsch,
Chapter 5 (The Asteroids. Meteontes and Te/tés) pp. 98-113, Chapter 6, (Lunar Rocks and
Minerals). PP 114-129.
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’ GENEHAL' PLIES AND EQUlPMENT LIST . ' .

¢ . The f6|low'mg list is provided as an aid in se; up new Iaboratorues It will also functi'on as a con-
. venlen&checkltst for schools, where somé, @ equipment ‘listed will already be available. In

decidi ntities listed, a maximum ci®es of twenty-four (23 students and an organnzatfon of

«~two" t working station has been used
Quantttnes are allotted on the following. plan L.
. Per Slatlln. , ' - o '

A tation is two students working as g team. If the Iaboratory seats twenty -four st\tdents and the
-am0unt required is one per statngn tweilve units. wnll ‘be required. .

Porlclau ' S Y Lo .o .
» /

'Bequlred for each class using the Iaboratory. e.g., if two Geology 12 classes use o& Iaboratory, then
. requnrement will be two times the unit |ssue ,

e

Por Laboratdry

I

- Requlred per Iaboratory classroom. - . ®

L

.Items that are marked + are desurable for the most effectlve presentatton of the ¢ourse but may not
_be essentlal
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o . GEOLOGY 12 o o
. . .
L . ’ . GENERAL 3UPPI.IE§ AND EQUIPMENT ‘LIST . .,
. . ! T R e .
LR ) N i 4 y o . i . < . ,’
i Ilom . " Amount Roq'ulr.d o Unlt of suppu' .
. Aluminum foil.......... ‘1 perlab,........ .\‘.'..'.'.‘-..‘.froll o, T |
. Aauarium, 8pprox-75 1 L. r s 1 per lab...oneenn “oemcht T
D ‘Bags p‘\astn‘: or baggies (local supply) ... as needed, .., .., ST s -.: :
© «+« '+ Balance, Centigram type....... e 8 per lab... ... e each, ' -
‘single pan PR . . Ly | Coe
triple beam, 311 type . ) . . ) + - .
Beakers, pyrex, 50 ml. ...... e . ... ... 3 perstation... . .......... . case of.48" ) .
' Beakers, pyrex, 100 ml. . '...............,.. .. 6 per station.".... . pkg..of 12 . ¢
_Be_ak"ers. pyrex, 250 ME 3 .per statloh_. co . each '
Beakers, pyrex, 1 litre.................. ..1.. 2 per Iab:'..._..".-.... ...... . each
L . Blacklight (short wave)............. Cooen 1 per Iab each
A " Blow-pipe, brass . . ... A P t....6pérlab......7...~z. .. each -
Bottles, dropping; 50 ml polyethylene ...... ... 4 per _s?tarior). R w . .. dozen ”
Bulbs, show case type, clear, 60 watt . ..., 2perlab........0......... each
Bunsen burner......, e ’ 1 per station............... each .
. ) * L] - !
+Camera, 36 mm............ L e dperiab.. each
Clamp, burette, -universal ... ...c......... .-+ 1°per station....... N each
C;clamp.a'cm ....... e .‘.?26ef.station...............each
Clay. (local supply) ... ... et v 10 perlab..;.......-"...._.. /2 kg - .
Clock, sweep second hand 24 h:. ,,..'.\. cenne 1 "per lab........... R each
+ Cloud chamber, dry ice type. ' ' : T
< students diffusion, radioactive source mcluded
(Welch type) .. ... oty 1 per school................ each
- Compasse/s. blackboard style................. 6periab................... each
Corks, miscellaneous sizes................... 3perlab.................. bag of 100
jC-o,rk boring set,-9 pietes.................... Aperlab.. ................ " each
Cover glasses. microscope slide. size #2..... 2perlab.................. box ~ :
.Crdyons, wax (local supply) .................. 30 perclass............... )
- Crucibles, with covers, size 0 ................ 6 perclass................ each
Cups, paper, unwaxed. ... ... o e 30 perclass...............
. Cylinder, graduated. 100 ml................. T 1 per station........... ‘... each
° Cylinder, graduated, 250.ml..... ... . el 1 per stapon. ceiiive...... each
Cyfinder, gradu_ated.. gla'ss‘ 210itre............ . 8perclass.................. each o7
* . Elastic bands, miscellaneous sizes (local su;')ply) 1 per lab.... .. Ce : box . P
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b ~ ., ‘ vt + . A . .
P . Hem = ~, ‘" ., Amount Required . UNIt of Supply
. T T L o . . ' .
Fan, e-lectnc..-....'....-.;.‘.....','..1.:..re ...... 1perlab........... ACREER each
. +Film ektrachrome hlgh speed..:‘.'. ..... '..-,..‘...“ rveded.....;...,.,Z.-,....:_.
" +Film, kodachrome 2, et as$inedded . ... ... e ?-
) Filter paper, 15 o digmeter ... ...............2 Perclass................ pkg. of 100
< Flasks, Florents, “250°Mmle . 1 per atatibn....).li!.‘:.;.". _.. each
Food colorir“g (local supply) oy S8 as needed....a_ ........
I S S T
Gas Iighter spark renewal type A 1 per station. . - G each
‘ ara{s catteg for, glass tublng . ..:',.-...-.' ...... ‘tperdab............. ae each’
~ _Globe, blackboard, 5Q.cm ...... Tperiab....... . each
Gogglas safety ... .. S et '+ 1'per student.......... ... ‘@ach
. f , ' . PR . - .
- Haﬁd L8ns, Geology (with lanyards)- - .
¥ magmtlcatnon (x12 to )'(14)‘"....:.....‘ ....... . student.............. .eaoh
' \\ Hot p(ates eIectrIc smgle control............ : lab............. ... each
Y\ Iron fillngs. fuhe...."?............’...\)...' ..... 3perlab............. ..., 12 pkg.
Knlfe (pocket style,.l%ge) (local supply) ...... 9 per studen't ......... ....: 'each
:' Labels gummed 40 X 60 rr% (Iocal supply) . 2 per lab............. box
. A o ’ . . -
’Magnet bar -Alnjco 15 cm 19' cm 'x 06 cm T o .
(approx.), set of-2 ima Box'....... Ve 1. per station........... Lo set
“Magnetic Compass (Brunton type) . o Tperlab.................. -
y Magnetnc Compass (Sllva type)....‘ ........... 1 per station....... IV each .
Metrastick ....... e i e e 1 per station............... “each
Mrcroscope stereo&cbprc. powers of 20x and 40x 1 per station....... ev..1... @ach
Microsc¢ope, stereoscoplc (with polarrzmg stage) 1 perlab...«.............. each
Mortar and pestle. 10 cin dia eter..‘ ....... .o lperlab.. ool each
. Needles, dlssectmg R I v o1 per student....:«......... each
. Overhead prolector (Apollo type) ... ... sooq.. 1perlab.................. each

Paper white eard‘board (local 3upp|y) ........ as needed ....... ........

Paper, white, 1 m width foll.................. 1 periab...... ST roll

'Paper graph Iog log type.................... 1 per lab- .. .. Pve e pkg. .

Paper graph, cm squared ............... T.... as needed .................

Paper, graph, semr-log four cycle...... Lo 1 per lab. ceete... pkg. .
‘Parawax (local SUPPIY) o ... 1 pet lab. .T’ ..... T pkg. of°4 each
+ Pencils, coloured ................... «.‘ ...... .. 1 set per station..........". set of 10

" Petri dishes, 150 mm x 20 mm- tops and g o

" bottonts, clear plastic ............... ... . 1peryab................ .. case of 24

Plaster of Parls..../. ..... e S 10 kg, perlab..............

Piasticine (Iopal supply) 3 colours Coee ... 10 kg péerlab..............

Rlastnc tubes, 5 cm X 100 cm..... e 1 per station. .............. each

- L
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Plates. streaK;-gmall white porcelain . *
(uhglazed bafhroom tiles) .................. )

Pro]ector slldﬂ. with remote control and
extension cord ....... ... ... . e

! .
Platas glass, 1%cm x 10 cm...... ORI

Prospector's pan, 35 cm digmeter ..........[. "

Protractof, blackboard style ... ... R P
"Pump, hand air..........
Radioactive material 8et................ e
Radioactive -demonstrator- with- ac¢essories.. . . .
“Razor biades, single edge (local supply).......

" Rock polishing wnit .. .......coovviveiini...

Rock, saw, 25 or 30 cm diameter,
ombmatlon trim and slab SAW ............ .

+Rocktumpler...,.......,,.,,,...,,.,,,, ,,,,,, !

Ruler, ftexible, metric ................. e

Sand, assorted (Ward's type) RO SRR
Sand, coarse (local 5upp|y) .......... e
Sand, fine (local supply)’....... A B
Scissors. fine point, student I‘aboratory grade .
Screeﬁ PrOJECtION. . ...\ ot
Pcoopulas dispensing. stainiess steel '.......
Screen sieves (set of 6)........ P

Se|smograph .
Tnpod -base nngstand ...... P

ngstand rod, 50.cm..... U
Machme screws fo go through rod .........

2 Copper wire #22 or #24, 60 ém’. e

Doweél. 50 cm jong 1.25 om diameter.......

Brad to insert'in end of dowell.............

_Steip of sheet,"lea’d,_ (450 ) 5 cm wide ... ..
- or

Seismograph Model,
(Maple Dlsuubutors Vancouver)

~ -Amount Required

~
’

per station........:...... each
pef' pupil ......... oy ... each
per science departme’ni’.. each
perlab......... fe e each
per 1ab........co.. .. each
perlab.................. ..each
per.school............... set .
per school!. ............. eactl
per lab..:.. ., pkg. of 10
per school............... each
per schoof. ............. each
per school........ ....... pach
per lab:........... :..... each "

as needed ....... e

as neéded.

as needed.................

1 per statnon ............... each
per Iab. B PR each
per lab. ... ... dozen
dets per lab............. set '’
pgr.lab.....,,..,.,.,...:\each
perdab.......... “re eac
periab............... L ‘ea‘d
perilab................. . e__ac‘h
per '@b ............... ~.. each
perfab.................. each.
per lab..............n... each‘

e
Unit of 8Supply

’
Vo
{
b
,
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v tem D - Amount Required Uoit of quply
_ Stream table (Demonstration type)....... RERRE ‘:.1 per school.. SRR EREREE each .
. Steing, heavy (local sypply)...... 4. e......... 1 perlgb.......% ........ roll -
. String, nylon (locat supply)...;m\...;._ ........ " perlab.......0.......... roll
’ Sl’rlng. light (Iocal supply) / .......... Tperlab...c............. roll -
" Styrofoam cyps .............. S Y otperlab................. , 9ross
S'tereosaoplc Viewers ........ EUUI e 1 per student l B eacp
) Tape addlng,machlna 756¢cm...... DU 1 per lab. .. e Lo, roll )
'_rape. cellulose, transparent (Scotch) L o ' '_ ' :
1250mwldth .................. e v.....oasneeded.................. -
y Tape, masking 1.25 cm width...... . LT perlab, ... - roll )
Tape, ticker............ ... .. .. I tperlab.................. ".package
Test tube 18 x 150 mm. pyrex............... 2 perlab.................. pkg. of 72,
Test tibe brush, medium... ... e Lo 3 perlab..i i *. each
Test tube SUPPOMS. ... ................... ... 1 per station............ ... each
Thermometers, Celsius scale 20 to 110°C. ' a :
student grade.............. sl >4 per station............... each .
Thumbtacks (local supply)... .. PR R VO 3periab.................. box »g;iﬂ ‘
Tin shears, straight 25 ¢m ................°\. 1 per lab........ . ‘each™
’ Tissue for c“leaniné m'icroscobe' lenses. .. .. .. 1 dozen petlab........ ... booklet
Tongs. beaker......7 ... ... AP P . 1perlab... 7. ... ... . each
Tools, -+~ . , L - ‘
wyfile. triangular, 15 cm. St e .. B operlab... ..., R each
, hammer.claw....'..".........................1'per'|ab ..... RN “.. each
hammer, geologist's...... (e 1 per station..d............ each o
* hammier, sledge......... b .6pertab.................. each '
pliers, long’ pose ‘cutting edge..... L o , 1perlab... % .......... .. each . -
. plvers combmauon .......... o DI 1 perlab........... R each v
screw drivers (combmatlon) ...... ... 1periab..... T each -
screw driver, jewellers ..................... 1 per;';lab Y - -1+ 1
spads, folding type.........cc..c...... .. L. 6 peRlab. o each
Tubing. soft gléss. 4 mm, 5*mm andy6 mm. . . 1 of e,ach.per lab....... c..7450 g »
5 Tubing. polyethylene, 5 mm- . . o .
- outside diameter .. .~ ..... .. e 1 kg perlab.. .x & ........ .
Wire géuze. asbestos enmeshad centre,’ ' C e
125 cnr x 125 em. .../ 1 .per station.. ... % ey )
( \ ‘ .
' : e A
' %:“"1? {\
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© + CHEMICALS A S
. 4. o 3 Item IR Amount Required . Unit of fu‘p‘ply
. Alum..........' .................. T .2 kg perlab ......... P L :
_.,‘\“ , "’ Ammonium dichromate ..................... .. 12 kg per Iab ...... e kg' :
S A{nmonlum oxalate ............ DU . e V2 kg pef lab. .. ... ... .. kg "
a ot Charcom blooks (4 cm X 8 cm)és cm) ..; 1 box per lab...Z..... e box
.~ Coppér 1) sq]phate (Tech): ... St 2°KgLper labL . ... kg n
- Hydrochloric Acid......... P TN 4 kg per lab.......... S kg °
’ Nickel Il sulphate hexahydrate ..... N v 2 kg perab......... ... Kg
‘Salol........ " ......... ,\.....;.... 1/2 kgpeMab..f ..... e N
* Sodlum chloride ........... e L. 3 kg per dab..... ... AP kg :
R Thymol .......... i P 1/2 kgv‘per lab.... .o kg
GEOLOGICAL SPECIMENS P S e o
R : C Item _ - Amount. Required | Unit of Supply
' RN Prospectors set of mineral chlps ........... 1 set per student............ ‘;et )
T ‘ 'Prospectors set of rock chips............. T 1 set per studep.t..'....‘. ... set
. Raw materials of Canada: o 4 - . E
. Mimeral. Industry, 120 specimens........ .... 6 sets per class,.........4 set
. . o (Th‘e‘above are available from the Geological Survey of Céna;fai A
L Azurite ... e DU ... .. 1 per student....... RN each
: Halite . oot t e DU "1 per student ......... PR each
Bornite . ... ... . PRV e AU 1’per S'tuclqnt e . .7 each
“Malachite ... .. e T TP 1 per student............ .. each
v Chlorite........ RO e “...... 1'per student ......... e each .
b Oliyine..'...v.......,.‘...'........--...'.'....‘ ..... 1 perstudent.............. each.
Cinnabar....... “ e SR 1 per student.............. ~each
Selenite (GypsSUM) ... oooeiiii .. 1 per student ........ ...... each
Varieties of Quartz and i . R o
. Cryptocrystalline Quartz.............. . ... 1 per student........ .. -... each
Obsidian. . ....... ... e '_; ....... 1 per‘ student.............. each
Pumice ... .. e 1 per student.............. each .
Breccid.............. e oo 1 per »stddent ......... ..... each
CATKOSE . . oo e .7 ... 1 perstudent.............. each
SISIONE . . .. oo o 1 per student:........ ..... each - -
“ Travertine. .......... e ... 1 perstudent.............. each
. Fossiliferous Limestone.............. .. P 1 per student.........,.:.. each
Chert.. .. ...... .. L . 1 per student.............. each
Coali~............ .. e 1 per student.............. each
" Phyllite ... ............ I ... lpersstudent... . ...... .. . each
Metaconglomerate. .. ... ... .. ... . ... ... ... 1" per student ... ... . oo .. €ach
Martile.. .. ... .. e 1 per student ... ... .. ... . _'.r each
' 114, S .
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GEOLOGIGAL SPEGIMENS o .
- N * ltem ’ Amount Required Unit of Supply
| ‘4 Geolcgical Thin Se‘c'{tions*for. each of the followiﬁg. rocks: o
- -Igneous ‘Rocks: v o .

granite, diorite, perldotlte andesite, -
basalt- -amygdaloidal, tuff, syenites

a LS. -~
gabbro, rhyollte basalt breccia, o \ ‘ i
porphyry-feidspar . . T S ST 1 set per school........... set Ty~ |
* Sedimentary Rocks.\ 7

conglomerate, sandstone, greywaoke shale, - ’ 4
limestone,-dolomite, breccia, arkose, - . . /
siltstone, traveitine, fossuluferous ||mestone ‘ .0
chert, coal... ..................1.... ... 1 set perschool........... set

Metamorphic Rocks: ' \
quarfzite, slate, schist, gneiss, phyllite, - : , a - 2 .
marble, metaconglomerate .................. 1 set peréchool . . e set

b L

. Fossils Recommended for Study. In Geology 12 P N

The foIIowmg list is not meant to be a complete list of t}%dex fossils of western Canada. Teachers
can modity the list, if necessary. Local fosSils should surely be included. The student should be able
to recognize at least one index fossil from each geoldgic period. If speclmens are' not available for
study it may be possible to study an illustration or a sh% In some cases plaster casts may be made
of specimens in University collections. Many of the fssils listed may be: purchased from- Arbor
Scientific Ltd. or from Geofossil Canada Ltd. One classroom set of 20 fossils from westefh Canada is,
to be provided but-this can be expanded by additions from lacal collections, etc. '

!ndex IFossiIs of Western Canada
» 5 - . - ' ) :
_ Item Amount Required ‘ Unit of Supply
Lower and Middle Cambrian | ' '
Olenellus (trilobite) - : .
Paedeumias (trilobite) . ................. ... 1 set per school...... .. ... set

Middle Cambrian - : :
Elrathina (trilobite) =~ =~ = * / ‘
Ogygopsis (trilobite) ’ o — . )

8 Bathyurlscus (truloblte) .............. e 1 set_per school........... - set *

Middle and Upper Cambrian
‘Paradoxides (trilobite)
Cedaria (trilobite) .- '
Labiostria (trilobite) . .......... ... .. .. ... .. 1 set per school........... set . .

Ordovician : ) -
Cryptolithus (tl’llOblM . o " )
Flexicalymene (trilobite) - ’ " .
Platystrophia (brachiopod)" .
Glyptorthis (brachiopod) - ’ .o Lo
Byssonychia (clam} i . ,
Rhynchotrema  (brachiopod) o . : .
Dinorthis (brachiopod) oo .
Manograptus (graptolite)’ ' . :

. Climacograptus (graptolite) ................. 1 set per schoo)...... o set

LY




' Silurian . : . T
Caryocrinites (cystoid) . ' .
) _ .Eocoelia {brachiopod) S
v ' Conchidium (brachiopod)
: Atrypa (brachiopod)
. Favosites (coral) . ) )
4 " Halysites (coral) : . S e
- Columnaria (coral) ... .. R OO seﬂf““ber School........... set
" Devonian ' ‘ '
Amphipora (stromatatoporoid)
Atrypa (brachiopod) i '
Mesophyllum (coral) o
Leiorhynchus (brachiopod)
Hadrorhynchra (brachiopod) ) .
Stringocephalus (brachiopod) ¢ f
Gypidula (brachiopod) " . _ Co
“"Theodossia (brachiopod) : ) o
. Rensselaeria (brachiopod) ............ ... .. 1 set per school....... j, set

. - . Mississippian

' Cleioghyridina (brachiopod)
Spirifer (brachjopod)
Lithostrotionella (coral)
crinoid stems . . . .
Fenestrellina (bryozoa) . ..........0......... 1 set per school........... set

Panngylvanian :

_ . Punctospiriter (brachiopod) {
a Neospirifer. (brachiopod) '

Composita (brachiopod) ........... ... L 1 set per school........... set

Permian . ‘
Parafusulina (foraminifera)
Neospirifer (brachiopod)
. ] Streptorhynchus (brachiopod) . .
-~ Spiriferella (brachiopod) . ... ....... .. ...... # 1 set per school........ ... set

Lower Triassic :
Ophiceras (ammonite) : E
Pseudomonotis (clam) ... ... ... ... ... ...... 1 set per school......... . set

Middle Triassic: ' ) o
Terébratula (brachiopod) . .
Protrachyceras (ammonite). ... ... .+....... 1 set per school............ set

v

i

Upper Triassic
. Himavatites (ammonite)
Gryphaea (clam) .
Monotis (clam) ... .~ ... ... . . 1 set per school... . .. ... set

Lower Jurassic and Middle Jurassic
Paracaloceras (ammonite)
Grammoceras (ammonite)
Warrenoceras {(ammonite)
Kosmoceras (ammonite) .. ... .. PP 1 set per school ... .. I .. set

Upper Jurassic
Buchia (clam)
‘Inoceramus (clam)

Sonninia (ammonite) ... ... 1 set per school...... Co set.
. . Lower Cretaceous O,
‘ Buchia (clam)
Inoceramus (clam) . ) .
. Heteroceras (ammonite) ...~ .. .../ .~ SO 1 sBt per school......... .. set
; ' ' N " o. L N -
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Upper Cretaceous
Scaphites (ammonite)” °
Baculites (ammonite)
Inoceramus (clam)
Ostrea (clam) )
Aiviparus (snail)
carbonized wood -(variable) L e
silicitied wood (variable) . ................ ..

Pleistocene {marine)
Serripes (clam) ‘ B
Mytiius (clam)
Mya (clam)
Natica tsnail)
Astarte (clam)
Nuculana (clam)
Chlamys (clam)
Clinocardium (clam) _ .
Batanus (barnacie)........ .. N

¥



. PLANTS .

"Plants . ‘ | /

3

: ltem . /.Amqunt Required Unit of Supply

<, Devonian — Ca‘fbonifarous :
N © ' Psilophytop . ,,/' s

0 v .
J S - . . -

g Calamites : J
T Linopteris o ] / l
ferns . . ' / /
scale trees '
Metasequoia (conifar) . /
Cercidiphyllum ( ngiosper.rp'(l . ! .
Ginkgo (angiosgerm). . ... ... ... P . 1 set per school......... . set
Mesozoic — Cenozoic. o ' ’
Sequoia . . ¢
- Larix , A
L Pinus ' -}
,\Earpites ........... , ....... 1 set per school.l .......... set
" Fossils are ||Iustrated in GEOLOGY:AND ECONOMIC MINERALS OF CANADA (1970). Many, but not
all. ¥ the indéx foé(sns listed can be purchased from Arbor Scientific Ltd., Box 113, Port Credit, On-

tario. -'.

A set of twenty fossils from«western Canada is availabje from Geofossil Canada Ltd., Box 3651,

ostal Station B.. Calgary. Alberta. T2M 4M4. The set miludes a st%age tray. a 25 page descrlptlve
ooklet and 20 orugmal 35 mm color slides. The" set cludes the-following fossHs

Coenites (coral) o Lablostrla (trllobne)

Syringopora (coral) o - scrinoid stem

Amphipora (stromatoporoid) . * . “dinosaur.bone

Fenestrellina (bry020a) “Cakbonized wood"

Viviparus (snail) N silicified wopd

Ostrea (clam) T : Metasequ0|a (conifer)

Baculites (ammonite) | . conifgr cone _-" ,

‘Atrypa’ (brachiopod) | Ginkgo . A
Spirifer (brachiopod) *  Cercidiphyllum (angiosperm)

Paedeumias (trilobite) |

. It 1s suggested that storage space-be provided for Gebplogical- Spemmens

-

. ltem - Amount Required ° Unit of Suppl
~ , Aaia) , nt Req pply
10 Drawer Geolog¢ca| ' . .
Specimen Cabinet (Ward's type) - 1 per school ..., each

A
. (
v
' {
1y .
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AUDIO-VISUAL MATERIALS

MAPS ANG WALL CHARTS ° ' B ' : | '
item Amount Required \ ~ Unit of Supply ‘
® { ; V .

Maps: , . _ h " , ) 4 . |
.Geologic Map (local area). . ... L N 1 per station..... S \'ea_ch, '/ A ' l
Surficial Geology Map (local area) .. g....... 1 per station............... each o
Geologic Map-of Retreat of . , , ;

Wisconsin and Recent Ice in S ' 1
North America..... ................ S 1 per station. . ....... ...... each

”

“(The above are available from the Geological Survey of Canada.) -

Geologic Maps of B.C.. Canada :

(Geological Survey of Canada)............. 1 per station..¢........ ‘... each
Geologic Map of North America : B .

(U.S. Geological Survey) ................... 1 per station....:........... each

" Tectonic Map of North America -
(Geological Society of America).......... .. 1 pecstation............... each

" Tectonic Map of U.S. _ -
U.S. Geological Survey. ‘ : -

1962 (1:2 500 000).... .. N 1 per station.............. . each'
The Age of the Ocean Basins .

by W.C. Pitman Ill et al.. 1974, s :

Geol. Society of Ameérica...........,..... .. 1 per station.......... ..... each

Glacial Map of Canada,
Map 1253A. Geol. Survey . )
; of Canada. (1:5 000 oop). .................... 1 per station....... ....... each
/ Pleistocene. Eolian Deposits of the :

\/’ U.S.. Alaska. and Parts of

' Canada. Geol. Society of America. . & _
1952. (1:2 500 000). .. .. .. P ... 1 perstation............... each

Wall C!\'arts:

Chart showing physical feafures of
‘ocean basins (Available ffom:
- Geological Society of Anferica. .
Boulder, Colorado) .../ oo 1 perclass................ each

Charts showing physical features of
ocean basins (Available from:
Time, dncorporated, Time-Life _
Building. New York). . ............... ... ... 1 per class......... S each

o Deposits Near Medicine Hat, Alberta
(Available fram Publications Distribution
Office. Geological Survey of Canada.

. 601 Booth Street, Ottawaj”. . ... ............ 1 perclass................ each
Surficial Geology Map of ) S0
“North America . ...................... Sy 1 per station............... each
t .
. 3 ~
11y /




FILMS

Fulms recommended a$ support material for Geology 12 are listed below All films marked (+)are ~

included in -the list of tilms for Earth Science 11. but may also be of value in this course. Films’
" marked { % ) are available on & free .loan basis from the Provincial Educational Media Centre, 4455
Juneau Street, Burnaby. British -Columbia V5C 4C4.,

Films marked (T) are avauIabIe for purchase In vrdeo tape tormat from PEMC through each dlstrlct s

PEMC liaison. ~ ) y .
Arrangements for obtainmg other Ilsted filme may be made through local District Resource Centres.

Notations A. B. C. and D are used to indicate the %becial relevance of films to a partlcular section of

the course ] ‘
. v S
All films indicated are in CO|O\/

-
é . Name . : Source Time Section
T Earth Resources Technology Satellite. ...... ... .. NASA. 1973.. 27 min.........C
1:\* Mars: The Search Begins ... .. . .v ............ NASA . - 25 min. ... ... D
Tia . ThejMoon: An Emerging Planet .. ... ..+ NASA, 1973.. 13 min.... ... D

T o The Moon: Old and New ........... [ NASA. 1970.. 25 min........ . D
T « Face of the Earth. .... R ...... SRR NFB. 1975 ... 15 min......... A
T = Earth- An Interplanetary'Perspective../. ......... Macmillan}f 15 min......... D

v Canada
T+«  Continental Drift ... ... o o o , NFB. 1968 ... 10 min . A
+*  Continents Adrift . . o S AEF ... 17min. . A
*  Earthquakes: Lesson of a Disast’er.,....,..‘...‘j EBE 1/3 min....... A
- ‘Erosron' Levellmg the.Land.‘.,”.:.“.’...,.. EBE...‘../M 'mm...“.._...‘A_
v Evidence for .the Ice Age. Ceee B EBE . .:. w22 mine L. A
+ * Glacrer on the Move..:‘.; , ........... E7 11 min....... LA
+ox Heartbeat of a Volcano... ... ... P E/.UE L 20 min...o A
©*  How Solid 1s Rock?. . .o / JEBE . 22 min.. .. A
- Rocks that form on the Earth's .SUrface . \ . / EBE ... ... ..o 16 mino A
‘- * Rocks that Originate Underground. ... .. U EBE 23 min, A
+ *  The Rise and Fall of the Great Lakes . .. ..... NFB, 1968 ... 17 mln e A
©+  The San Andreas Fault.. ' EBE. . . o2 min A
T+  Vdicanic Landscapes Part 1. .. DU L .45 min... ... A
Te Volcanic Landscapes Part 2.... ... . .. . ... 45 min. ... A
+ ; Volcanoes Explorrng the Restless Ea‘rth .. ........ EBE. ....... 18 min. A
- , ,
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a 7 »
; +# " Why do we still have Mountains?.......... T EBE......... 20 min A
/ « + %  The Beach A River Of Sand..................... EBE......... 20 min......... A, -
T ' Castleguard Caves....................... n...... NFB,1975... 50 min.\ ...... A
. . . . \\
T »  Satellites of the Sun...................... U NFB, 1975... 12 min...\..... D
Energy for the FUtUre ........................... EBE......... 17 min....)..'...D :
: &
*  What'Makes Rain...;....... P EBE......... 22 min......... c
*  The Moon: A Giant Step in Geology............. EBE......... 24 min......... D
T Horizen: Drifting of Continents . ................. BBC......... 50 min. -
T Y Horizon: The"\P_Iahets ................... L BBC......... 54 min.
T » Energy Series................................... GWF .
a. The Dilemma....................... e "GWF ........ 20 min.
'b. The Nucleaf Alternative.. ... ... ...... L GWF ... 20 min.
- \ > o * T
c. New Sources...................... i ..., T GWF ... 20 min.
. -~ d..Lessis More........ ... R GWF ...."... 18 min.
| T +  THE PLANET OF MAN (SERIES) ' —_—
< The series hinges on the theory of/global plate tectonics. It also reconstructs, in Jm%el
’ ' form, how vast forces of water, wirfd, ice and the shifting crust, have shaped the earth we
wg( on today. ahd show how.we may be able to predict future consequences.
_ Name Source . Time -  Section
T "Voices of Time (Grand Canyon of Arizona) ...... OECA....... 30 min.........A
T The Jigsaw Fit (Plate Tectonics). .. ... .. . +... OECA....... 30 min.........A .
The Fire Within (Types of Volcanic Activity) ... .. OECA. ....... 30 min......... A
wi, , ' ' .
F Trail of Ice Age Blues (Effect of Glaciation. ... .. OECA....... 30 min.........A
on the Features of Nortr} America) ’
T Mountain Heritage — The Appalaéhian's (Plate... OECA ... ... 30 min.........A
, Tectonics, Volcanism, Mountain building) - .
T Shield -of Plenty (Precambrian Earth)............ - OECA....... 30 mif......... A
T Challenge of the Deep (Mi:erals onthe......... OECA . ...... 30 min......... C.
‘Ocean Floors) - ) ' o R .
T The Inner’Limit (A Cross-Section of the Earth)... OECA....... 30 min...... A
T . The Cosmic Connection (Meteorite .. ...... Lo OEGA....... 30', min........ .D.
Bombardmemt) .




~ 7

Beyond, A Doubt: A Revolution
(Congept of Continental Drift)

National Science Film Library
1762 Carling Street
Ottawa, Ontario

Hubbard Super 8 Filmioops may be obtained from:

Visual Education Centre _
115 Berkeley Street

.Toronto. Ontario L

S ——

J

. NASA Ames Research Centre
(Educational\Progarm Office)
Moftet Rield L
California, U.S.A. 94035

<

< \
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SUPER 8 FILMLOOPS - ' . ;
| Name Y . - Source éection
Sedimentation: Settling Rates................ ... ... .. . ... . ) .. Hubbard ..... . o A
: Sedimentation: Turbidity Clrrents............................. Hubbard ........ A
Deltas. ... ... ... . ...« . ... ... .. .. ... ... .. ... . ... ... ... ... Hubbard .. ... A
“Allvial Fans........................]....................... Hubgard . o A
Stream Cwt-®ffs ... 0 ... .. _ ' f i A
‘ ~ Stream Ergsion Cyele L hudbarg . A
Stream Piracy ... DO P : Hupba}q R A
Development of Shorelines. . . ... U o Hubbard :........ A
\ . Earth StrL.thures’ ....... [ EBE  ......... A
" Mountain Building ... ........ N T . EBE ... A
Glacial Movement ........ .. .. DU L o T EBE  ......... A
¥ Oreah Shores. ... .. : j ....................... e  EBE . .. A
Overthrust Faults .. .v............. ... ... ... e EBE SRR S A
. Anatomw a volcano............. L FE EBE ... ..... .. A -
[ 4 . o
* FILMSTRIPS '/
Field Identification of Minerals. ..« . . L ) ............... MEM ... .. A
. Lab(;ratory Analysis of Mineréls....................__'.: ....... MEM ... S A
Mirterals and Crystals . ... ... o Y e A
Minerals of Economic Importance . ............... .. ... ... .. - MEM . LA
Rocks and Minerals
’ Kit contains 13 rock samples and - '
3 filmstrips, map qnd\bool&ets ........ B NFB ... S A
. , |
. Y
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. o ' - Name I Source " Section _
..
SOUND FILMSTRIPS ' )
Recdgnizing Rock Making~Minerals........... P EBE  ......... A
Comparving Rocks . ..... T DU B EBE  ...... o A
Volcanic Rocks ........... S RRRRE o EBE |, ....... .. A
. ~Shale, Sandstone and Conglomerate . .. ST EBE . ...... . A
P|uioni¢ (Granj«tic)' Rocks ............... i .................... EBE RERERRE * \ A
M.etarr;orphic ROCKS .%o P e ) EBE - ... . X A .
The Rock Families ... . . \ ........ s .. EBE ... A
Rock.s and Minerals.m' .. ... ............ MEM (Mc!nty;we A
' : ; : ~ Educ. Media)

CORWersS 1. N ~> ....... S TR " MEM L A
Rivers 2. ... ... o et S Nvem A
Rivers 3............. PR \MEM A
Soils 1. .ot B S MEM A
'Waterfalls ane &rges ....... T o : MEM ... A
Weathering . . ... .. . DU SR I . MEM S A

. The Sea: EroSion.............. ..o MEM ~ .. ... oA
The Sea: Deposition. .. .( ................................ EEDURE MEM e A
Fold Mountains...... L ........... VR -ME\M R
Volcanoes 1-. ... .. . ERREEE P SRR R R MEM e A
: Volcanoes 2. ... U e MEM e A
) Volcanic.ity ........... ST . o MEM . ........ A
lCe 1. RO S N CMEM A
“lce 2. ... S A L o MEM ... A
lce 3........... L \, ........ P L T MEM ... fA
I‘DIate' Tectonics ... [ I SR [EETTTRT MEM A
EarthQuakes . . ... .« .. # ‘MEM e A
Evidence th?t Continents Move ......... K \ e ' MEMF e R A
Datir‘\g Geological Events............ PP ...... L MEM ... .. . . B
How Fossils are Formed............ ..., R RN TRE, c EBE ... ... B

-




Collecting- and Interpreting Fossils ......... R e . 'EBE ~
Fossils and the Relative Ages of Rocks..:............. .. }' EBE
. ‘Fossils and Prehistoric Environments.,............. el EBE
Fbss&ﬁj and Organic Change....... PO P . EBE
v : . L]

. Source
STUDY PRINTS : ' : =
Plate Tectonics (8 Study Prints).... .. e S
'SLIDES
Earth Science Slides....................... .. ... ... ...... BCTF Lesson .

e . | . Aid M1
Glaciation: Multimedia Kit................................ NFB.

- {OM Transparencies, slides, ' -

< teachers’ guide) "

Athabasca Glacier: Study of a.................... ... e BCTF Lesson
Valley Glacier . Aid M51
Exploration of Planets. ... ....... PERTRI ST BCTF Lesson

Mariner, Pioneer and Viking Missions . : Aid
Earth from Space and Remote ... .... P . .; .......... BCTF Lessbn;
Sensing of [Earth Resources ‘ "Aid
MISCELLANEOUS (VISUALS ETC.) )
How to Condu® A Field Exercise .................... . BCTF Lesson "
to a Mine . . Aid #2096
K -
An Economic Approach To The ... ......................... BCTF Lesson
Mining Industry ot B.C., ’ Aid #5857
’
_V
-‘ . - .
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SUPPLEMENTARY REFERENCE TEXTS i
1. . Derek York, Planct Earth (McGraw Hull) ’ L . . R
‘ 2 Mchnald R. Years and Yum Ago (Evergreen Press) S . .
3. Hurlbut, C.S,, Dana’s Manual of Minerology, 17lh ed (Ward ] Earth Scner.lce BOOKS)
. ' 4. Read. et al. Beginning Geolgy (George Allen ‘& Uriwin Press). , , " .,
5. Donn, W.L.. The Earth (Wiley).
) Y . ~ . *
« . . X . .. -
, 6. Searching for Structure Series.: Rocks, Minerals, Fossils.
7. Strahler. The Larth (Harpet & Row). ' o
‘T . ) .. " ‘ \_ /' - . f
r
8. Spencer. EW., The Dlnmmu' Earth (Crowell). ' - T
. 9. Foundatlons of Earth Smence Seties, Eicher, D.L., (,ml:rqu "l'lnu' (l.Dr_entice-Ha/lfl‘.‘(v. -
: e S, ‘ E
10. .Ward B This Blue Plllll(l (Little Brown). - . Do ", ) \ ‘
. ST ‘ oo v
. 11. Bates R.L.. (,wlnq (Heath)
- .12, Bird: JB. Nan_rml Landscapes of Canada (Wijey). -
13. Foundations of Earth Science Series; Units 24-27.
— Earth History | and 1l (Open University Press) .
— Maijor Features of Earth’s Surface, (Open UnlverSIty Press) :
N 14. Balr‘d OM. OQur Earth irl Continuous Change’ (McGraw-Hill}, !
\ . N - 1]
15. Alberla Society of Petroleum Geologlsts The Face of Imu (A Geological History, of Westem
Canada) X .
v -612 Lougheed Bunldlng Cajgary Alberla ’
@ ' : - )
16. Hallam. A A Revolution 1 the Larth qumu rdm’ Continental Drift to Plale Tectonics 10xford
University Pres's) 1974, ~ : .
, - o
17 'Kucera' R.E.. Probing the Athabasca Glacier (Evergreen Press), 1975 v
18. Kucera. RE. lake l'muw Moraine Laké (Evergreen Press). 1974. . L " .
. : ) . FEN \n
19. Pamphl t Series avallable from B.C.T F. l_esson AIdS -Vanc0uver B C. (Edlted by Dr.\Jo‘hq Rau,
' Dept of Geological Scienges, UB.C) T Nl
) - Geologic Hazards of Bxitish Columbja . / :
i) The ite Age in British Qolumbia * T I W
i) “Thes Volcanoes of Britis Columbia ; 'l' L
"iv): Earthquake Risk in Brilish Columbia : . a s
v) Geology of the: North Shore L i ; \
©vir Geology ol the' Upper Fraser Valley (Hope to Abbolsofrd) '
20 Skinner, B.J.. l._llvrlh Resources (F{rentnce-HalI). e ' ) !
.. 21.7SRinner. B.J.. and Turekian, KK..'Mai and the Ocenn (Prentice’Hall). - ‘
. ‘. A . A *
N . . » F\- . 126 . * “. .
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"' PRESCRIBED rsx‘raoox LisT . . e

»

The textbooks authorlzed for the Geolegy 12 courses are listed below. The scale of issue of

authorized fexts is mdlcated in the Prescribed Textbook List. The Prescribed Textbook List is

publlshEd -annually by’ the Currlculum Development Branch and is available from the Pubhcatlon
. e Servnces Branch e

5 . o _
GEOLOGY 12 o . . . ' .

Pt Janes: (‘wiokr/' and the New Global Tectonics (Macmullan)

2. Long: Geology (McGraw-Hill). oo

Vo om

r

3. Gilluly: Principles of .Grology (W H. Freeman),

Laborutory Manuals »

v,

1 Hamlalm Howard “Exercises in Physical leoqu (Burgess-McAinsh). ‘

‘ . 2. (a) . Ansuay, Chase Environments Throygh Tmu' (Burgess- MéAmSh) or
(b) Brige, Levin: baboratory Studies in Earth Hmuru Wm. LQ Brown (Burns & MacEachern)

.

Student Reference Kit '

1. Bickford, et al. (.mluqu Indau (CRM Books, Random House)
2. Greely/Schultz. A*Primer in Immr Geology~Comment edition (Ames Research Centre Nauonal
Aeronautlcs and Space Admmustratmn Moffett Field, California).

"3 Stokes: Fssentils of Earth lesfory. 3rd edition (Prentlce-HaH).
ot '.‘- -

4. Geology and Economic Minerals of Canada (Queen's Printer, Ottawa).

5 Readiygs From Scientific Awerican Planet Earth (W.H.-Freeman). 3

6. Foundations of Earth Science Series."

" (a) Laporte At(llg'ﬂl Environments (Prentice-Hall).
(~b) McAlaster: Tln Hish)rl/ of Ixfu (Prentice- Hall)
K o Skinner: Larth Resources (Prentice-Hall).




