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“PART |-~ PURPOSE OF THE COURSE - L e
Historians of scienc'e‘, notabfy T.S. Kuhn, have suggested that major s_cientifié disg: overies frequently .
occur as slow metamorphoses rather than unique events. Such a slow-metam-%hosis is presently
responsible for an entirely new way of viewing.our earth, its processes ang its history.

i

k)

.
=

Kuhn (1970)-describes the maturation of a science as tangential groups of Sligdies being united by a
major theory which is-consistent with ‘a large body cf observations. Copernican astronomy,
Newtonian pRysics and Lavoisier’'s oxygen theory of combustion are some excellent examples of

revolutionary theories that have emerged in'response o a breakdown in the ability of previousty held -

" beliefs to explain a growing'body of observations. It is the appeararice of such new theories, termed
paradigms by Kuhn, which allows the correlation, integration and explanation of observed puzzles
*and anomalouw , thus allowing science to progress io the point where a new paradigm Gacemes
necessary. Y . ° : % . ’ ‘
Sucha poin(fﬂas reached in the earthigciences in the Jate 1950's. Maps and oceanographic charte
produced for nuclear submarinés b-egézn ‘to show that the .seventy percent of the earth’'s surface
which lay belaw the oceang was not the fiat,'uncompticated place that it had once been thought to
be: Vast mountain ranges and deep trenches were among the most impressive structures of a - .’
.topography quite unlike anything cbserved on the land surface of the earth. P.J, Coney (1970) states
‘that perhaps the most startling discovery resulting irom the explesion ir"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 giobe like fhe seams or a baseball. Such major features of out

earth demand an expianation and the emergence of the new plate tectonic theory of continentai drift -
_ has precipitated a major scientific revoiution. Canadian geologist J. Tuzo Wilsoii (1271) states that:

The,acceptance of continental drift has transformed ihe earth scierices irom a group of rather .
unimaginative studies based on pedestrian interpretabons of natural pnenomena .into a unified
science ihat is uxciting and dynamic and that holds out the promise of great practical advances
for thefuture. ' " . R

@

. - ',.- \_‘ . . .
The processes of the earth are so important to us that it is easy for as to forget that the earth is the
"third planet orbiting.a medijocre star in an average galaxy. Space science.is still awaiting a single
coherent theory, and recent discoveries emphasize this need. Nevertheless a study of the ob-
servations that have been made by astiéonomers can give ‘students a sense of perspective and show
them the earth in its.place in the universe, One valuable sense astfonomy has given s, for'example.
is the sense of distance. ' : ’ ot . S ‘
. Secondary students are becoming adults in ‘a world whefe terms such.as energy crisis, non-
" renewable resources, fossil fuel and_quasar are gdmmonplace. For any student presently under.the. .
age of seventeen the spacg age has always exis’ted‘and man Kas always been intensely.concerned ’
with the nature of the earth's processes and materials because of the necessity of maintaining &

highly complex civilization.

Earth Sciencé 41 is _inten.ded to provide secondary scheil students with the backgro_uvnq,énd the
desire to irivestijate their earth, its materials and its p/acesses. (Thus the course should provide _
,youngy people With the ability to understand and make_decis_ions_.inwa rgpidly changing-world)———
‘Raferances Ci@éd:ﬂ ’ o . ‘ . * - o g
“1: Ceney, Peter J., 1970, The Geotectonic Cycl'e and the New Global chro_{zics:méeo'ldg‘;”irc’féims'aci’éiyr”ovfﬁ 7

America Bulletin, Vo. 81, pp. 739-747: : L : :

o : R . - . \
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,Kuhn, T.S., 1970, The Struclun of Sczcnhfzc Revolufzom (Second ed.; enlarged), University of
Chrcago «Press. = . ‘
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‘PART Il. — LOCAL FEATURES T : ) , . ,
-~ ) ¢
- Inall aspects of earth scrence there is a need for, definite stress on features of the earth'in the IocaIe
" ‘where they are being taught. Reality and relevance are often’ bandied about by students as the
crlterra for the “value” of a parthuIar course. Few subjects lend themselves: so readily to+
- Justrfrcatron by these criterid as do the earth scrences. Evening sky watches, trips to the ocedn or- ay ¢ .
T min power station, field work at local rock outcrops of’'glacial sediments’ ‘or simply a \"
schooy

tour of the R
surrounding area are but a few examples of the activities wtiuch must be a'part of this
course it the maximum benefit is to be derived by all. Plap.ahead to make field work an mtegral part

ot the course.

- ., A i
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"v'PART n — TEXTBOOKS EQUIPMENT AND SUPPLIES , - T
11 ' Textbooks o ‘ S . : :

.+ . One result of a maJor scientific d|S’covery is the subsequent p@cation or revision of textbooks
! on the subject. There are therefore many. new and revised earth &nd space science textbooks. A ; ‘o
‘ choice must be made as to which texts, if any, will be used. The titles and scale of issue of texts
; may be found in the current Prescrlbed Textbooks List and aIso in the Appendlx )
A subject with a scope as broad as the earth and space sciences cannot be adequately covered/
; in°a single textbook, so teachers have been presented with'a cho|ce of text and reference

material. It is recommended that teachers select texts from the lists pro\|ded m such a manner
.. as to best supplement each of ther major areas of study

.

2 Equipment and Supplres - / ' L '

i .. . .

A‘comprehenswe list of equipment and supp||es has been p: ovrded in order to allow for
variations from school to school. The list contains all the materials necessary for camplefjon of
. - ' the investigations in.each phase of the courses; however many “supply itefns such as beakers or’

i .certain chemicals ‘may already be" present in a school in- ‘suffjcient guantify: From the: I|st

'prowdec teachers must decide what equipment will be neer‘ed to complete the partlcular scope -
wh|ch has been selected. _ .

: \ ¢

PART IV —_ MAJOR GOALS FOR EARTH SCIENCE 11 " - - v
1. To |nvest|gate the: prrncnples of many tields of earth scierice in order to form an up-do-dat
broad understandlng of the story ‘of the earth ard its environment in space. = - .
Lo ' \ ’
¥

st

2 To encourage the sf’udy of a seIect|on from” sorte cfihe foIIow1ng flelds in the earth scien es: e .
©a. .1 astronomy, |ncIud|ng star systems and the earth as a planet ’ B %
b. _ ,geology, |ncIud|ng the study, the processes and the materials that make the earth crust
'with particular. emphasls on plate tecton|cs and the contlnehtal drift theories, the gradatlon
' forces which change the earths surface . , S
- fz : c/ qeologlc time. and’ earth's h|story t . o ) : /,’ )
. . qceanography and atmospheric. scrences., o _ - _ . el /,/ ' Ce
° the resources of. the earth. R ' Tt/ .
) b ‘ . \ I
. . 1 X, )
. : g . o . \
' < I‘.‘ . .
| ¢ : ~
. e ‘-\ ]
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Section| &

; INTRODUCTION

Real, apparent:and reIatlv\e motlons of the stars dte aII key polnts in the understanding of the prln-
ciples of astronomy. The units in this section deal with the motion and immense energy and distance

| involved in stellar and solar systems. Students rmidy also b& provided with opportunltles to contrast

the sctence of astronomy wrth the pseudo -scierice of astrology. "

0 S,

Two st|mu|at|ng ways ‘to begln th|s section are:

~

1. The Actlvnty Lost on the Moon p. 249 lnvesthatrng the Earth (p. 223, Teachers Gunde)

<3

2 .. - 7 \ \
2. Readlng trom Science Fiction. . AN C ,
J
a. A Slight Case of Sunstroke by A.C. Clarke from his book Tales ot Ten Worlds Harcourt
' Brace. - : -
b. Squ ush by A.C. Clarke, from hls book, From Earth- to Heaven. ° ' g
Summer Time tn Icarus by A.C. Clarke, frorn Tales ot Ten Worlds '
, ‘ | \\ . . “ ’ ¥
'~ SCOPE AND SEQUENCE =\ = Vo ~ ]
Unit 1 — Stellar Systens R f'
a, optical and radto windows ' R . ' ' \
b. eIectromagnetlc spectrum . ' . c .
. c. Doppler effect. =\ Lo ‘f
~ d. distances and how they are determined . SR ]
. e. types of stars o~ , . - : ' °
I 5 galaxies ' o "
' g. the expanding Universe: , ‘ :
h. - black holes and other unusual phenomenon : )
Unit 2 —-‘Solar Systems : ‘ o o .
1. The Sun -~ ' . U
. [ a. its size and dlstance and companson with other stars
'( - b its spectrum ‘ o
.. c. its energy, source and output
d. sunspots © o
e. soIar wind 4 X
¢ .ts position in the lite cycle of stars
2. The Solar System
Lo ' . . 3
a. retrograde motion .
, b. orbits : )
.c. elements of solar system
. : A a.




. R . !
, d. the ecliptic. ' ' S "
' e. views of the Universe | .
f. origins of the solar system .
'g. planetary _gxplo%ation iri the seventies '° . .
h. changing images of the planets : - o
Unit;3 — The Third Planet C - L ~
' ool ‘ : .
~ .. 1.] The Third Planet, (Earth)_ " . \\ ,
DAY “composition- of the earth - SO 0 -
. b. mass of thé\ earth
movements of the earth \
d. magnetic field - - \ ' \
. . . . e \‘A : o . |
2.. The Moon A % !
. :\\l‘
' - ) &
‘i'f 'Y »
LR , ‘

6!

E l{l\C » | ) . '\

Aruitoxt provided by Eic:

T
P
5 S
A

.
/ e
- =
o
—
- 1
' .
o - - .
N
L] ¢ »
LY
’-
a4
. d oo o
@ !
. A
' ot I's
<
Al .
. -
+ . et
W2
Ve YT M N
Cad .
>
. .
]
~
-
3
uy
% )
\ - . .
- Y )
z X ¢
@
-
kS
-
\\ .
AN .
B A
n s h
<
gt
”
2 *
i
0
4
.
)
«
,/’
e
v
S
’ .
‘f . o o
4
oL
11 .



!

Rt
T e

. 5 , o
v ~ STELLAR SYSTEMS .

-
LY

Most of ou: information about stars comes through the optical and radio,windows in forms ot elec-
tromagnetic -radiation, which is studied with spectroscopes and radioitelescopes. Recently the
.analysis of X-rays_and infrared and ultraviolet radiations has contributed further information. The
results of thesestudies can be used by students to facilitate their own investigations of stellar
systems. During the study of this section teachers’may place stress on the indirect nature of stellar

observations and measurements as well as the variety of inference-and iiypothesis to which this has
led. Examples such as the super puzzling quasars and black holes may be used.

B

LEARNING OUTCOMES_ | _
T'he stUdent should be able to: _ , ( . ¢ _

1., Discuss methods of measuring astronomical distances using triangujation, pa rallax'and relative brightness-
- of stars and doppler shift and solve related" problems. :

~ (Activity #1\)'\“‘*1@\ ' o . R . =

N
==,

2. |Interpret a Hertz'sprung:Ryssel diagram using luminosity and témperahtre to place stars on the diagram. -

(Activity #1,3) , o Tl
. ) ¥ _ - ) e o
3. Describe the life cycles of stars including possible origins of pulsars;-neutron stars, black holes and -
quasars. . : ' ' o ‘.
. T T N T~
(Activity #3, 4) ’ ) ) N B T

4. Interpret the doppler effect and describe its use in the caltulation of astromomical distances.

“(Activity #6) )
. \ . - e et e,

5. Use discussion substantiated with evidence to compare at least twe theories on the origin of the Universe.

* References: : ' ' S : .

. Ordway, Earth Science, (Van Nostrand). -

)
K



American Geological Institute, Investigating the Earth

‘ N
v '

American Geological Institute, Teachers’ Guide to Invults;nhm; the I:HN
American Geological Institute, (,wloqy mui Earth Science Sourabool\

Jack'son/Evans, Spauqlnp Emlh, Earth Science (Houghton lefhn) -

6. Nuffleld Seﬂondary Smence 8 Tl'rc Earth and Its Ploce in The Univer.e, (Lpngman).
7. Blshop, Focus on Earth Sciénce, (Merrill). ) :
. : , .
8. Goldthwait, Earth Science, (Ginn). : o ' -
9. Life Nature Library, The Earth, (Time Inc., Book-Division). .
i -
10. Time Space and Matter, Investigating the Physical World Scries, (McGraw-Hill).
T ~.— Encountering the Phy.sical World o S~ .
-7 .— Expjoring a Slice of the Earth : o \
~— "~ From Microcosq to Macrocosm . o '
‘ — Levels of Approxim atlon : ‘ ,
_ D|mens|ons and Motlons of the Earth - . o
— The Surface of the Earth _
— The Grand Canyon of the Colorado
~—The Surface of the Moon <L
— Worlds -in Space : . ' . R
11. Woife et al., Earth and Space Science, (Heath). e
: ; ' 2 : <
~ N . B /7
. Activities and Investlgatlons ,
1. Optical and Radio Wlndows and the EIectromagnetlc Spectrum
a. Use,of spectroscopes (see-activities listed ‘under Sun). .
b. Doppler effect see"Earth Science, Ordway, pp. '508-510. )
: \‘\\ 2. Distances i ’ )
» a. Investlgatmg th/Earth -has an exerclse on parallax Pp. 458 459. The Teachers Gunde is
exce‘ilent — .
b. Measurement of distances is dlSCUSSGd in ‘the Geology and Earth Science Sourcebook
3. Types of Stars - B _ Y
a. Plota Hertzsprung-Russel diagram IL.T.E., p. 467 and Spaceship Earth, pp. 22-24, from this
~ lead into stellar evolution. In connection thh stellar. evolutlon it is interesting to conslder
T pulsars. neutron stars and black holes. ’

5:

6.

Al

a\la,q\s

a. LTE., ‘tnvestigate stars in the Milky Way, pp. 482-483.

Discuss neu'tron'\-stars and black holes. See Film List: The ‘Black Holes of Gravity.
N :

Discuss Hubble's Law a2nd-the Expanding Universe. See Film List Galaxies and the Univefse.

~,
N

SN
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- SOLAR SYSTEMS

P

Once studer?-ha
may prefer to move from the known.to the unknown and teach the-units in this section in a reverse

ve been introduced to the magnltude of steIIar energies and d|stanPes attentlon
order-to the|r presentatlon here; again it is a matter of 1nd|V|duaI style..

can be focuésed oh our local star, Sol, and the rest of our “tamily"”, the solar system: Some teachers

L, The energles and distances wh|ch are part~of stellar astronomy may be reiated to the evolutlon and
E functlbning of the solar system by |ncIud|ng topics such as the or|g|n of the” eIements and the

reIatlve ‘measurements. of the . sun and its planets
The earth isa member of the solar system. Other planets exhibit rétrograde motion anng the echptlc
agalnst thepackground of the stars. Along the echptlc plane are the constellatlons of the zodlac

The' planets all revolve in the same direction around the sun and in neaﬁ'y the same plane. Their or-

< bits weré first. accurately described by Copernicus and Kepler. They are caused to move in circles,
or-more accurately, ellipses, by the gravitational attractlon of the Sun. They are ‘at immense distan-

.

ces from each other and from the Sun.
Thelr pecuhar motlons and thelr changes of brlghtness probably sta}ted the study of astrol'ogy,
thCh led to the study -6f astronomy. )
A . ,\v‘ . N l v"
[ SN

\t ' ]
).EARNING OUTCOMES R

The student shouId be ablevto
Discuss the study and origin of ‘astrology as oppostd to that of astronomy.

-,
-~

’ ;'1,.
_— .
]5;'2'. Determine the diameter of the Sun .
’j .
g c
/ (Activity #1) . -
/ / 3. Usea <p¢ttroscopu todetermine the nature of various types of light emissipn
/ (Activity #2)
/ ) .
i ° i
/ 4. Construct a sundial . .
TR *
(Activity #5) .
. . \ \ »
\ N
’ 8.
rr -
13
—_~




v . 1
5. Describe and nplnm Hn' variation in dmplenqﬂr over'a year for several undch/ separated pocrtmnb on the
globe. O . , : :

N\

6. Describe retrograde motion using models ‘to explain the phenomenon.

. . « . '
. .

. _ e ‘ ..
T (Activity #6) ' < e /o
_ ) . 4 . . pd ' - . )
R A "D(-'.EL-}J}"Ir(-:'I'Iié"'))}ié;i't'imrs of barious planets and their possible opgins. ‘ oo 5 )
& . A L~
: L . T f‘,’ .
{(Activity #8, 9) . .
. : I
8. ' Define the ecliptic plane and- Hw constellations of the zodmc Emphnﬂzc Ihe immense drsmncec between the
plancts. : . - ',; A - . o
7. . . - ' ‘ \f
(Activity #10) ' - o . D
. R . ) ] : s . by 1
\ 9. Compare and contrast geocentric with heliocentric descriptions of the solar system. . (b :
*, 10. -Compare at least two opposing theories on the origin of the solar system. B /
e : B . - N ’ ) . . . B // ] -
= (Activity #10) : . a ' . '
' \ . A “ ‘ ) ' ‘. - / & o
. . i //‘ ‘
5 Activities and Investigatiorrs i L N N ) o ' : ‘L/—-*
:The Sun - o [ | ; |
The Sun is a star whose energy is colossal It derrves its energy through the conversion of mass (the / )
fusion of hydrogen to form helium). -~ : R . : \'
Much mformatlon “about the Sun and Stars is obtarned from the use of spectroScopes to analyze'
electromagnetic radiations. . - A _ :
- 'Sunspots and other solar dlsturbances cause-disruptions in the earth s magnetosphere’ and in oZr
Lommunications. - A : . . :
= 1@ Its Size and Distance: o B : A /
a. Measuring the diameter of the Sun lnvestlgatlon 18, lnvestlgatrons in Earth Scrence (Gold-
o thwait). =
o v b.- Nuffield Secondary Scrence (8.25-ii, p 75) - . v _
c. Lab Manual to Ea’rth and Space Science, Wolfe et al,, p. 123. - . . .
2. Spectra L ' - ’
) a. Examine hght with a spectroscope lnvestrgatron 20, Investlgatmg Earth Scnence (@old- ' ’
) ~ thwait). A
b. " Spectra and Spectroscopes'. Deveioping Science Concepts.in the Laboratory. Expt. V-14,
v Rasmussen and Schmid. ‘ L
. | 15
< _ . : i
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Temperature and Colour- Demonstration, p -77, Nuffield “Secondary Science (8.25-iii)

c.
3. The Sun's Energy '
a. How Much Power is the Sun Emitting. (Nuffield), Secondary Science, (8.25-iv)
. & ) . . - .
4. Sunspots , '
, a. Plot sunspot activity, Investrgatmg the Earth, Teachers Guide, p. 47. —
b. Observing simspots, p. 73, Nuff18|d Secondary Sclence (8 25- |) or C;eology and Earth
Scrence Sourcebook, p 278. . . . . .
© 5. -a. ,Construct a sun.dial. Focus on Earth Sclenoe p. 195, - o
: b. Plot a graph of Times of Sunrise versus Trrnes es of~Sunset-for_one oay per"month over a '
' perrod of a year. Thig is interesting because it shows the tremendous Vartattoruo\ou/s.of 2
L.T:E. — ' =

dayI|ght Skywatch

e

The Solar System

The earth is a member of the solar sy

;‘ m. Other planets exhibit retrograde motion along-the ecliptic
! (-ﬂg\mst the background ot the stars Along the eclrptlc plane are the consteIIatrons of the zodiac.

The\taﬁets all revolve in the same direction-around the Sun and in nearly the same plane Their or-
bits were first accurately describgd by Copernicus and Kepler. They are caused to move in c|rcles

or -more accurater, eIIrpses by |the gravttatlonal attraction of the Sun.
from. the Sun.

I
I

] They are at |mmense d|stances rom each other a

.

Their pecullar motlons and therr changes of brightness probably started the study of astrology

whicH led to the deveIopment of astronomy..

~

/ 6 Retrograde Motion

/ a. Acthity, p. 438, LTE.
b. Retrograde Motton p 11, Lab Investrgattons in Earth Scienc

p. 263, GeoIogy and Earth Sciences Sourcebook.

. Brown, Kemper, Lewis, and

,,’ N 7. The Orbrts of Planets
‘ ' a. The Orbrt of Mars, p. 95 Nuffreld Secondary Sclence (8.12-iv, p. 19).
_' b. Phases of Planet X, p. 440, I.T.E. | = 4
- See Appendix, F|Ims p. 77 S
'~ 8. Elements of the Soiar System wuw‘f‘ g
B a. Make models of the solar system. Constructmg a modeI of the solar system (Goldthwart) p
§ © -23,’Investigating; Earth- Science. ) : o . L ‘
b. Investlgatmg Interplanetary Distances, p. 436, ITE p. 229 :
{ “How Big is Space'> p. 40. Nuftield, Secondary Science, (8.28-). - e
d. See Appendix, Frlms p. 77 : ) _ ‘ \
, g, Vtews of the Um\‘/erse ’ , o > C
Geometrlc — Ptolemy and Almagest. ' B e " s
Helrocentnc — Copermcus Galrleo Kepler Newton

10.




10.

£

Origins of Solar Systerr;?: . R ¢
Arly theory must account for the facts that: : C s
v v a. The planets’ orbits are nearly circular and are in the same plene.
_b. -'They revolve in. the same direction about the Sun . o
. ¢. Their spac\lr\gs obey Bode's rule. I ’ . o . B
d. Thre outer planets are light,  thes inner ones are heavy v
"e. The sunotates in the'same dlrectlon as the pianets revolve and its axis Is /sllghtly inclined.
f.  The orbits of comets are hnghly eccet; tnc and are lnc-llned at any anglp to the er‘liptlc .
* g. There Ga’re some |nd|cat|ons that the earth was molten in its earIy hlstory
h.

The periods.of\rotation of a'l planets except Mercury, are in the same order of magnltude,

“ which 1s remar able conslderung the dlfferences,of their masses.

A full reference to this’is made on p 252 Geology and Earth Sciences Sourcebook aIso in Ord-
way: Earth Scxence Coa e . ‘ . : q

el - THE THIRD PLANET

e
i 's

"ol
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Seemmgly large measurements of the edrth’s dlmenS|OnS can be shown in perspective when com-
pared to the vast distances introduced in the other units of this section. The remarkable coincidence
of our ptanet’s circumstances become apparent as the distances, composutlon and movements of the
earth are examined in this unit: ThlS umt examlnes the gross physlcal attrnbutes of the earth as a

2.

Demonstrate ‘that the earth rotates on its axis, wsing at-least two nicthods. /

/a

(Act|v1ty g2, 3)

o

_(Activity\.a\tl_ T . -

* T “ "‘ v. - 7:"

\ 4 .
. B
\ N
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3 Give evidence to support a description ‘of the ecarth’s magzetic field.
. ‘ \

NS \ : ' ' ~

(Activ'ity #4) . . . “-l' o v ‘ .

"

4. Suggest pt)ssrbh mechanisms wherely a plm e! could groduce -a magnetic field which is characterized by™

umndermq poles and fmqutn! field reversals.

(Activity #4) : i we o T
“‘5.‘~—t.‘LI‘.§L’ models to explain the causes of solar and Junar delipses.
g J ] _ . - b Y
. o . v . ’ ) N ~{“:‘] ‘ Lo .
: (Acttytty '#,6) : - R . e -
6. Describe what the Moon is. like. . » » i ' S ;,
. o ‘. - : i’ i
(Activity #8) /
: . . ] ) ) ‘
7. Deseribe the, motion "of the Moon as part of the solansystem. v e
N ’Q . A‘.r- . - ) - ‘ . » . ) Y v/’ . . .
v " s v
B . . : . Yo D, ¢
(Ac‘tlvtty- #7) | .<" ‘7;5 o - | -
: , , o .
. Q
A \\ : - A
References (Correspond by number to. the ACthltt’eS and Invest’ngatlo s whlch follow) A '

”1. Amencan Geological Instltute Inmshqahng Hw l;rrfh Chapter 1. Wolfe et al: Etplom!mn of HIL
ijmrsL p. 78. Ordway: Eurth Science, p. 38.- . .

\

2. Amerlcan Geologlcal Inst|tute Inzrcanafmq the Earth, pp. 14-23 and p. 428. Ordway Ear!h Science, ;

i
|

p..476.

-

3. 'L|fe Nature Library: The Earth, Time’ Inc Book DIVISIOH pp. 9-18. Abell: Earth and S}mu’ Science,
. ‘Chapters 6 and 7, (teacher reference) Ordway: The Earth Science, p. 20. Wolfe et al: Earth and.
Space Sciénce, p. 237 The University ofllllnms Astronomy Program, The Unwu‘sc in Mo ion, Chap-“

ter 5 . ) ] - . ; ’ . \
4. American Geological Institute, hru’sh«qa!mq Hu Earth, p. 68. Ordway Earth Science, p: 298. Llfe
" . Nature Library, The Earth, Time Inc., Book Division, p. 20. Teaching Aids, B.C.T.F., Continental
—Drift, D. Wllllams Schmld et al., Ethndmg Science Concepts in Hu Labnm[ml/ . 142,

5. AbeII Elploramm of the umvtm Holt Rmehart and Winston. p. 79. Ordway: Earih Hutntt p 38.

0

6. . Wolfe et al: Earth. mm’ Hpmt Science. Amerlcan Geologlcal Instltute hwtshqa!mg the Earth.

]

.7. Teaching Aids, BC'TF Continental Drift, D. Williams. Ordway Earth ‘;uulcc p- 38 and p. 312.

Life Nature Library:” The Earth, Tlme Inc Book D|vrs10n p. 66.

8. Investtgatlng Lunar Surfaces #8 Tlme Space and Matter (special mats ‘needed), (Accounttng

)

“t

12,




s - for crater types) quvtslz\mlmq Lunm Lnndstapu on the Motm, p: 442 LT.E., (speclal mats needed).
EcllpS_e .FJ 274, L,tu/uqt/ amd Lzrlh bumws Sourcebook. : ’

Adtivities and Investigations. -~ . . T o o .

N 1. The \folume of the Earth

’ Usé Eratosthenes method or some varlcmon of hls method The followsng |s an exampl°

Take the difference in.solar tlmes between two cities on-or near the eQUator such as Macapc,
Brazil, at approximately 50°E. and Qulto Ecuador at approx1mately 78°E. Their solar times diffe
_ by approxnmately 1 hour and 48 mmutes ‘They are 1480 km apart What is the volume of the
—— Earth’> o . :

2. Motion” and Apparent Motlon -

¢ a. Take ttme exposures of stars. Op |ell“lS'Wlde expose for.several minutes. Vse fast fiim.
Colour slldes (high speed Ektachrome) will-even show star colour For detail. G aplogy and
Earth Sciences Sourcebook, p. 299. :

b Foucauit pendulum Geology and, Earth Sciences - Sourcebook p: 271.

Encounterlng the Physical World #1 Time S;face and Matter Contatns excellent multl-
'exposure photographs which could be’ used on an opaque prolector or by qrouos of

students
d. Geology and Earth Screhce Soncebook contalns a number of actfvmes reratmg to motlon.
. T~

in the; heavens pp 264-281. ~ . = e R ¥
p . : ' . .

3. _'Movements of the Eart .

a. The earth moves with several motions: rotation., revolutlon precession, revolutlon about the

common -¢centre of gravity of the.Earth and the Mdon. rotational motion with the solar :

‘ o - system around the galaxy and motion with the galaxy. As well as these mofions; there is-a

' relatlv\e motion between the crust and the mantle. Because of the conservation.of rotattonal»—::-

mome \tum. the axis of the earth'is always directed to the North Star, inclinded at 23 1/2° to

" its plang of revolution about the sun. This fact comblned‘wrth the revolution’ of the earth
about the sup causes the seasons. o N

b. The, comblnatlons of many of these motions can be shown by deslgnattng certain students

as the Sun, certain planets and distant stars and- chalklng out their orbits on the laboratory

- or the gx)rn floor When each student performs his motion the resultant motion l:an be
* - illustrated! : . ~ :

'c_. lf'one stud nt carrxes a chalk globe inclined at-23 1/2° whlle ano'her rotates a r/frolector
representlng the sun, the stgntftcance of the Arctlc Clrcle Tropic of Cancer, gtc., becomes
very evident. .

d. "See Appendlx. Films, p. 77 ’; o

4. The Magnetlc Fleld

a.' Show properties of magnets and magnettc fields about magnets. The mag*tetosphere of the
/‘ .- earth is a doughnut- -shaped tubulaf layer arounc the earth from about 970 km to 65 000 km
: “out into space. The nature and significance of this belt can be discussed.

. b. The pos|t|on of the earth’'s magnetiec pele, its relatton to the geousaphic pole and its ap-
parent wanderfngs over .thé globe, together with the; reversals of the earth s magnetic field -
can be d|scus=ed ‘ . ’

c.. The earth S magnetfc field results from electric currents’in the lloutd like core. A reversal in
’ these currents will cause a reversal in direction of the earth’s rnagnetlc field.

4 -

-




a

b'the

d.

The

- The

. - ' .
See Appendix. Films, p. 77 o

\

Mass of the Earth ' ' . .

-

mass of the earth can be calculated by multlplylng ‘the average density. of the Earth by lts

volume. Find the average density of about a dozen.rock samples of various kinds and calculate

_an approximaté value for the mass of the earth. The; ‘accepted.valugs are an average density. of

5:5 g/cm3 arfd a mass of-5.98 X 102¢ kg. What does this suggest about the structure of the

eart

The

h"\ ' . @

. . . ) . ’ -
':7. . R . ©
3 . : . Lo

_ Satellites of the Earth . , o o L

study_ of the Moon as a satellite can be approached in several ways. From the surface of the

“earth we. can study the characteristics of the Moon and think about its origin or we can study .

the

+ Ecli

_the

satellltes can also be studied. Lo . , , 4 SN

Structure of thk Earth

Dyn

photographs and reports of e astronautc

pses-of the Moon and of the Sun give'us ewdence about the.earth and |nformatton about -
great distances that separate the Moon from the Earth. The nature of the fllghts of artificial

®

Tbls sect|or, will be dealt with in detall under the headlngs The Crust of thé Earth and A *

ar'wc Planet. If the earth is to be compared to other planets cértain general features (its at-

mosphere lhydrosphere, Ilthosphere and internal structure) should be presented in sufflcrent )

detail for compar|son to be made.

Use

E

amerciry manometer to make a mercury barometer. DISCUSS balance between the mercury

column anc-a balanclng column of air in the atmesphere.‘Assuming tHat the mercury column.
drops 1 cm for an increase |n ‘altitude of 108 m, starting at sea level. find the apparent height of

The

The.

The

eart
the

o

~ ferent rnethod). v
b. If poss1ble study the Moon with binocularg or ‘a telescope 'duri'ng the. cIass period.

atmosphere. The actual height is many times this.value. Dlscuss the lmnllcauons

.4-'-"‘lr.ves*'gat|on of the detalls of the atmosphere the hydrosphere and the lith 1ere can be
*assngned to the pupils as an exercise. The results of their research can be disc. sedin class.

Ol’lgll‘l of- the atn.osphere and hydrosphere could also be d|scussed
Moon : . / ’ . o s ‘ D 2
‘Moon is'a barren placé. Its orbit around the ‘earth is small compared to the radius of -thé

h's orbi: around the Sun. The astronau‘ts on the- Moon the experlments they performed and
purpose of these experlments . °,

% N ’
Make a scale mode| of the earth: *moon-syn system. Have 12 pairs of students draw the orbit E
of the earth around the sun. each for 30 days (one month). On this superimpose the moon’s
orbit, Use tHis scale: Earth's orbit: 44" m, Moon's’orbit 1.0 cm- (Investigation 33-2,.Lab In-
" vestigalions in Eartlf’Sclence, Bro n Kemper and Lewns conta|ns detail and a slightly dlf-

c. The Mcon as Part of the Solar System./NuNeld Secondary Science. (8 23 11).

What is the Moon Itke” Nuffleld Secondary flence (8. 23 l)

Y
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N t
INTRODUCTION . >
" 3
Geology is the science of the earth. It is the study of pur planet its external and internal srrmtures
©its materlals its processes and its history. : v
l - SCOPE’ AND SEQUENCE + e o \ '
_;Unit&\ — The’ Dynamlc Crust 1‘- o o | o
1. Earth Matenals , T e s \ e
______ A 2. Igneous Actlwty , _/,. = SRR .\_. o : \
3 Rocks Flow Bend: and Breeilg. . 'X,. -
L \.. - N |
4. Continental Drift — Plate Tectonics. v
_ Uhit‘2 — A Changing Planet
BT T The Earth B@low TR BN .
H " '. . :‘; ,i‘;} - ‘ S B . B
. A ‘the l@oal surface‘ . P .
. b. soil formation . o
: .. land profiles ' I . e R
vV DR ) - ) / .
2. The Time'Scale. . p e s / . s
0 3. G_radational Forces. ' _ / _ - S
a. ice ‘ o
b. water ~  : SIVERN L T
; » K .
C. W|nd ' ‘ ’ .): . ) w. ' ) ’»’ ' ‘. (S ) v
. l_Jr{it _3‘— The Earth’s Biogi’aphy/Geo|ogic Time_ .’
1. Geologic Time o
. a. _relative and absolute nY B | ! . -
. ' b. « measuring absolute time o ’ ' s N
e ' .G geologié time . chart ‘ ;o ' N : e,
, .2, Fossils and Earth History -
a. formation . Lo ’ 4 "
b. fossils and maps® - ' Co -, : ‘
c: superposition and umformnarlamsm B ' o o N
.. d. slgnrﬂcance of fossils - o C I L
! . B ‘ : . . ~ g
y 18. N : S
. 2‘,1
: : v [ :
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UNIT 1 —-:SCOPE AND SEQUENCE
P\E&a'r\h Materials

a. The Crust of the Earth
\ b. AEjrst Look at Rocks
: c. Mine als, =~
d. Rocks, a Detarled St/dy :
2. lgneous clivity -~ ,
¥
.a. Dlstrlbutron of Volcanoes
b. Magma- and Lava
c. Prediction of Eruptions -
N ‘d. Igneous Activity. in British Columbia = «
e. Geysers, Hot Springs-and Fumaroles
‘ 3.. Rocks Flow, Bend and Break
» Rocks Bend and Flow
'b \ Rocks Break .
‘ c. Earthquakes R .
i o d. Earthquakes and the lnterlor 01 the Earth
4. Contlnental Drlft/PIate Tectonlcs
a. Development of the Theory
b. Evrdence for Continental Drift
c. Current Plate Tectonlc Theory X
- v
B \' d N )
1
.’.“\“ 13
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section

= Qe\olotﬁjcuj

_This un|t deals with, earth materials progresslng from a close inspection of focks and mlnerals to the

formation and composition of-rock units. The: dynam|c crust concludes with a study of ‘the formatton
_ of ooeans and mountalns |ntegrated in terms of theories of gIobaI plate tectonlcs The four parts of
' thls unjt. are: o o ‘ .

1.

MP\.JJ)& U — Earth Materlals B . V

_.-Earth Materlals
) ¥

Rock
||thosphere atmosphere, and hydrosphere. This introductory topic is basic to the understanding

of many geologlcal processes Field act|V|t|es are an essentral component of thls section.

- »*

. lgneous Actlwty

t

Evidence of lgneous activity is common i most areas of Brltlsh Columbna Extensuve volcanuc

activity is indicated by both landforms and extruslve materials. The Coast Rar?ge batholith is a . Iy

--major intrusive feature of relatively récent origin in North America. Local tgneous features W|f|

determlne the degree of emphasns on this section of study o ®

W A
£ 4 . Lo
v

Rocks Flow, Bend and Break _

. “Deformation features are evident throughout the Earth's ¢rust. The nature of fhe deformatton is
' dependent-on factors such as pressure, temperature, time, and composition of the rock. Slow

deformation allows some varieties of rock to respond as plastlc by thlnnlng. twisting, tilting,
rising or folding. Different conditions may produce fractures in rock, i.e., joints or faults. Suf=

“ ficien:ly,large and rapid faultung causes earthquakes and produces seismic waves. The study of

these waves has ;egvealed the structure of the interior, of the earth
‘ A B .

. Contlnental Drltt/Plate Tectomcs

" As emphaslzed |n the introduction-to this course plate tecton|cs and contlnentaf dr|ft are
. among" the most’ important top|cs o

LEARNING OUTCOMES

The student should .be able to:

and minerals are duscussed in the‘context of the nature and organuzatlon of matter in the .~

R



1. Contrast and wmpzm llu' basic similarities and dtfftrcmu between the atmosphere, liydrosphere mni
lithospliere! ok ."

(Reference #1. 2)

5
2. l\uuqm ¢ the importance and abundmzu’ of umums clements in the 'mlh s uu\¥

~N
B 4
\ : (Reference #1 2)
3. Differentiate beiweeen rocks and minerals. . ‘ ”//.

(Activity #1) . . o

4. Describe-the formation of igneous, sedimentary and nnlmnmphu rocks; tlussm/ rocks as wn“ms sedinen-
tary and e tamorpliic.

(Actvivity #3; Reference #3, 4, 5. 6)

5. Describe the relationship between crystal size and cooling rates i feneons ‘rocks; classify igneous rocks as

polcanic {extrusivel, or plutonic (intrustive).
(Activity #2) . ~

i

R ,Dvsvribv selected pliysical and cliemical propertics: of cocks and minerals.

~ . . ¢

. \} (Activity #4) . ° ' e
. 7. Vu.th references, identify selected vocks and mincrals.

.
-

o ' o : "

(Reference #10, 11, 12; Special note #1)

. . 5 . o . . PR N . - ' .
8. Explain the relationship between the characteristics of selected minerals, and atomic structure.

1

)
. (Reference #7,8.9) = , .
9. Integrute the study of rocks and minerals with local geology and industries.
-
[Pﬁ;l?i ) Igneous Actwtty
O

ERIC
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LEARNING OUTCOMES
The student should be able to: . -

. : T . -
10, Describe the world distribution of volcanic activity. -

_—

(Activity #5; Reference #13, 14, 15)

1. . Compare magma and lava.

L]

(Activity #6; Reference #17)

12, Critically discuss theoss of magma formation.
! N

A r
(Reference #17. 19)

13.  Recognize local intrusive and cextrusivoe forms.

(Activity  #7. 8; Reference #18, 19, 20) )
. . , \

14, Relate local cvidence of igneous activity to other parts of British Columbia and North America.

2
-

el '
{Reference {21, 22)

15, Specifu limitations and assumptions”in the prediction of volcanic activity.

(Activity #9)

. - .t 3
16.  Describe the occurrence and nature of geysers, fumaroles and hot springs.

(Activity #10; Reference #18, 19, 23)

LPQU)i 5 — Ro;:ks Bend, Bre'ak and Flow | )
o/ . o . | ’

LEARNING OUTCOMES

,The,_student should be able to: o ) )

© 17, Describe and classify deformations such as folds, joints and faults.
. LN L .

- (Activity #11, 12; Reference #24, 25) N

» - '



. 18." Describe the world distribution of ea rthq{mkc' epicentres,

(Activity #13, 17)

19. Compare the world distribution of carthquakes and volcanpes.

L

(Activity #13; 17) /
20. [lllustrate the clastic rebound theory. .
(Activi‘ty #14: Reference #26, 27) - |
21. Compare Hu'l properties of P and S wauves; demonstrate P and S wapes with a volinky .

(Reference #28. 29) o \
22. Locate the epicentres of an earthquake given appropriate seismographic data and wave-

(Astivity #15) : o

Hlustydte the principie of a seismograph

. ' 3
- (Activity #16)

24. Distinguish ca rlhquakcfnagnitudc and earthquake intensity,

+ (Reférence #30)

25. Relate the study of earthquakes -and our understanding of the interipr [)f the earth.

N

.

(Reference #31, 32, 33)

| EP@JD)&@.}— Co;tinental Drift — lflatevTectonics

LEARNING OUTCOMES , ' Lo «
The student should“ be able to: - ) . %.X\

-

speesiitformay 0
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< . . - -
| .

26-. Recogitize and ;‘i!f.' cvidence far t’('m'l.inw;fnl d;.,-f Iplate lvc!;mic 'thc'ory, ;
. (Réference #34, 35, 36; Special. Note #2) - i
27" Correctly dxsfl”‘-ll”"' between constructioe. ‘i(s!rmnzu and ¢U)I~L’r1’allm plﬂ "’f”l\’insl
28" L”"”"”;W*i the convection theery. the mpnndm\- carth Hwnn/, nnd the h””king mrliz theory.
: . - |
29. Describe nm.i/ur dL'mom!m!v llzc’ prmCI[JIC’ of xsosmfl/- ’ - -
36. III l\“l”p the /mnmnon of ge mvmlnu’* and (\L‘Osmumml' mountaing (dupucll“’”’ “p 1'“ and ,hfurnm!mn)
31, De “”I“ the meaning. of a Qmwll/ mmm”lll diseyss Qmm!l/.anonmlu’s m "Iﬂ“(” fo Pnoun!an; FANSOs,
1 ' ' . | i . :‘ S .
Referénceé = - | By ' s
g - o » 970, 0
‘ 1. American geological Institute, Geology tnd Earth Svium't’q Sourgebaoks 'Pp. 14
2. Ametican, Geol'ogi.cal"lnstitu’te lnuw“\'”“n\- the Earth (revused edmorn Sec, 2 1, 2- 10
3. American Géological Institute, GeoldgY ang [m!h quums Smuub(m}\ p 28
' 4. America Geologié;I Instituté. 1:1:‘('~“\"”l»z\- the Earth (revised ed jon): $e° 2-2, 2-3.
5. Uiy py, .l’lmm (General Learmng COFDOranon) Chapter 2 Resource S, 7. 8. 9. 10, 12.
6. "JaCKSOH/Evans Spaceship lur!h/h””' q“tnu- (Houghton -Mifftin), C;hapter S
7. American Geological Institute, (unlt'\'l/ i Imlh Sciences Sourcehook. 970, Pp. 4-27.
8. Ame”Can Geological Insmute Inmm“\'ﬂln,\.: he Lm!h (revised eanOr‘) ec-/2\~g, pp. 206-7.'
9. Crusty pyprems (General Learmng Co \rauon). Resource 11. )
10. Americap, Geological Institute, G«’Ul”.‘s‘,ll and Earth Scu-m-cs Sourcebook, 70, Pp. 28-56. _
1. Americap Geologlcal Institute; Inl't’*“\’”hn\- the Earth (revnsed edition Chapie. 12 (note the
ovérheay master in the feacher's guide) A ‘
12, Jackson/gyans, Spaceship Im!h/l arth Stieye, (Houghton -Mifflin), ChaP"er S. (
13. McKee, B.. Cascadia, The Geological F“’l““un of the. Pacific Northesl, (MG raw. iy, pp 1”
14. Ame”Can Geologtcal Insutute Geal Ry “nd Earth 5uuzm Sourcebpoks 97 0' P. 65, \,V
15, Americay Geologlcal lnstltute twestiating e Earth (revised. edlth”) Sec. 116,
+ 16, Goldthwajt, L. Earth Science (Gmn) Pp. 260 266, 272:273.- . ?:
7. Atlas of yolcanic Phenomena (s Geologncal Survey) Sheets 1 and 2, S
8. AmenCan Geologlcal Institute, G“’I"N'/ and Earth ‘Sciences Sourcehioks 1870, Pp. 59-77 .
19. Heller, oy al.. Challenges to S(‘i¢'r1t'¢'/ﬁ_‘"r”' Science (McGraw-Hnl[). pp- 101-113,

ERIC

Aruitoxt provided by Eic:

24,

3

43

~



28,

-

20,
21,
22
23,
: ,

25,

27

a.

~ into their respective classes (including ‘igneous, plutonic and volcanic).

"Atlas of Volcanic Phenomena, (U.S. Ge‘olqg:al Survey), Sheet; 4,5 86, 7, 8, 0. i“ .
Gold\./véitr L. Earth Science (Ginn), p. 265. : TR
Woodrow, et al.. Readings about Science 11 (Holt, Rinehért ;nd-Winston)' pp. -37-34, 41.' 44-48.
Atlas. of Voicéhic Phenomena, (U.S.j Geologicél Survey.), Sheet 15, ‘
éoldthv'vait. L. E;rlh _Scicr;cc ((;inn).',pp, ,276-287,. | L |
Ordway, RJ- Eiirlh'S:-icngt- (Van Nostrand), pp. 140-149._1

0

‘American Geological lnstitute.'Gmlog;/ and Earth 5;‘1'0)11‘1_@ Sourcebook, 1970, p.' 81,

“Heller, et al.. Challenges to Science/Earth Science (McGraw-Hill). P- 116.

28, jackson/Evans, Spaceship EarthjEartly Science (Houghton-Mifflin). Sec. 11.11. 1132.

29, -Arﬁerican Geological ln'stitute.‘ lnzksfigaling the Earth (revised'_edition), Sec. 18.1-13.6.

30, American Geological Institute. Inwestigating the Earth (revised iedi'tiOn)‘ Sec. 13.6. .

4. Jackson/Evans, Spaceship Earth/Earth Science (Houghton-Mifflilj). Sec. 15.10, 15.11, 15.12, 15.13, .

32, Ordway, R.J.. Earth Science (Van Nostrand). pp. 159-165. \

N ~ - ) ‘

33, american GEslefical Institute, . Investigating the Earth (révised edition), Sec. 13.2. i

34, " jackson/Evans, Spaceship EarihfEarth Science {Houghton-Mifflin), Chapter 15.

35, Crusty Problems’ (General Learning Corporation), Chapter 1. v

38. American Geological Institute, Investigating the Earth (revisé'd edition), Chapter 2.

& : - ‘
. L ,

'Activities and Investigations o ~ | ' | |
o iatio ‘ ' » awpical’ .
1. Ditferentiation between rocks and minerals — have students take a-close look ata typlbulld

rock, e.g., @ piece-of coarse granite. Binocular microscopeS and crushed granite W '
enhance ‘this activity. co R
. ! . ' N ) . . . . ) i C .:‘”:'
2. volcanic and plutonic rocks and the impartant concept of crystal size and rate of c:oonngsusﬁ% o
be illustrated with a stddy-of the crystallization of a low, melting point organic Compoundferén.:'\
‘as salal, thymol, or naphthalene, Examples of procedures can be found in a varjety of re ol B
‘ces including: Spaceship Earth/Earth Science, Sec. 9.4. Crusty Problems, demonstraté Y,
resource 6. - - _ . - _
. N L, . ) . .": i . N '. C '
3. Discuss characteristics and classifications of igneous, sedimentary and metamorphic rocks

: v € .
+Prepare a selection of 10-12 typical rocks and have groups of 3-4 Students sort these samPles

Minerals — deal with_the following properties: : .
a. colour " "

b. ccolour of powdered mineral, i.e, STREAK
c. lustre — ordinary descriptive terms



14.
15.

16.
A7,

. 18.

' Actlvmes in Sec. 117 118 119 11.10. =

hardness or Scratchablllty — Mohr's scmX— ordinary - objects (fmgernall penny, etc.)
breakmg K ' : )

e

——cteavage o
— fracture — ordmary descriptive terms , _ ]
. heft (density, specific gravny; - ] T - ~

form e.g, massive, crystalline, etc. .
special properties: .

— reaction to 1M HCI {calcite) -
-— magnetic ' :
— attracted by a magnet
— fluorescence .

- — radioactive

- . ' . ~ « . . )
Have students plot the jocation of a varlety of volcanoes on a world map and attempt to discern
a pattern Jackson/Evans Spaceship Earth/Earth Science (H oughtonM'f”'") Sec. 10.

Activities in® Jackson/Evans Spaceship Earth/Eanh Science (Houghton-leflln) Sec. 101,
102

-
- -~

Intruswe and extrusive forms in: Crusty Problems (General Learm :g CO’pO'at'On) pp. 74- 78

Construct a-cinder cone model Amerlcan Geologlcal Instltute Geology and Earth Sciences -
Sourcebook, 1970 pp. 62, 71.

V0|Can0 Dfed'Ct'On -activity in: Jackson/EvanS SPaces ip Earth/Earlh Science- (Houghton-

~ Mifflin), Sec. 10.

.

"Construct a model geyser: American Geological Institute, Geology and Earth Sciences

Sourcebook, 1970, pp. 71 -76.

-

Deformat|on activities in: Crusty Problems (General Learning Corporatlon) ‘PP 79-86.

a. Laboratory Investigation #31 in: (aold:hwan lnveshgations in Earth s°i9“°9 (Ginn).
b. Actwmes71 and72|n Heller, et al. Challenges to Science/Earth science (McGraw- H|II)

. Earthquake epicentre exercnses in: Crusty problems (General Learnmg Corporatlon) p. 4.
. Jackson/Evans Spaceship Earth/Earth Science (Houghton-Mufflm) 111 1.2,

Elastic rebound theory: Jackson/Evans spaceshlp Earth/Earth Scle"ce (HOUthon'leflln)

v
Locate the eplcentre of an earthquakp Jackson/Evans. Spaceehip ‘Eaﬂh/E&irth _Science
(Houghton - Mifflin}, Sec. 11.13 or

American ‘Geological Institute, Investigating the Earth (revused edmon) Sec 13. 4_or
Goldthwait, Investigations in Earth Science (Ginn), Laboratory Investlgatlon #25.

The rrmmple of a se|5mograph Heller, et al Challenges to Science/Eaﬂh\?C'Gnce (McGraw-
Hill), Activity 6.1 (p. 118). American Geo|og|ca| Institute, Geology and Earth Sclences Source-

book, 1970 P 92, Jackson/Eva’lS Spaceshnp Eaﬂh/Earth Science (HoUthO"‘M'fﬂln) p. 313.

Earthquake watch-see anestigatmg the .Earth, Teacher's Guide,,p. Xi» PLANNING AHEAD

: (Note action |s requ|red7at the start of the year for thIS activity).

Interlor of the earth AacksoniEvans Spaceship Eaﬂh/Ear’h Sclence (HOUthO”‘M'ff“n) pP. 449

.
ftal »



SPECIAL NOTgg, o | R
" ROCKS AND MlNERALS

The Geologica| gyrey of Candda has ihq, sensive, good AUality g4 of rocks and Mineraig
(Prospectors’ Sefof Mineral Chips _andeOSpe'ctorS' Set of R’OCk _Chlps) with 36 samples in each set.
Only a selectign of samples should be Stugied in detail at this stage of earth science Studies

1. Mineral th;S

a. The seyg are deficient IN 1N€ Coppg, (res. If the opPOMUNIY arigoc add samples of Dornite
‘ azuritg alachite, and N8UVe coppe “gther useful additions w4 include cinnibar. halitg
T (cleavgge quality), coruUNdUM ang gjyine. - ;
> - b. Stress grOUP properti®S: 9. feigspars micas, Hornblende j5 , hember of the amphibolg
_ group. pyroxenes aré a Q'PUD of which augite is @ COMmgp oy ample.
. " ¢ Labelg ap be secured USING*fibg gassing resin. .

d. Eg ' i used for thq. ization of sambles_ ' R
99 Cartons May be : T the organlzgt o] . Y

2. Rock Chipg ' '

Stress field identification- Use g few broad cateQOfie_S to idenﬁfy the focks.

Sedimemary rocks are DY far the miost common exposed fockg gn the crust. Shgle, sang.
stone 4,4 limestore fOrM the majoity of these rocks. - , :

- €. Usety| 44ditions would inClude p, ice and obsidian-
d. See (g) and (d) under Mineral e g

CONTINENTA ppiFT/PLATE TECTONICS |
" The following publications are excellent ggneradl references for this important topic:
1. Mathews, SW.. This Clumgihg Earty, ‘National G.Geographic.' January' 1973. h

~ 2. Conlinents i1, readings ™M Scientific American, W-H- Freema, and company--
' This topic migh, pest be dea'nlwith in {hree parts. ie. (1) br"eflyb introduce descriptive ang
historical aspegg-early in the COUTSE. (2) § oqrate relevant 85PECts 4, appropriate toPICS. e.g
- volcanoes, earypqakes. ocean0draphy. (3" mmarize the OVerall yh ooy (present the "big-pic.
,ture".).- . K . . A . ] ) o B

i Lt .,
)

3. Developmem/d] The Theon_ - : _ : | _ o
a. "Topogaphical fit between CONtingnyal margins: the idea of . inental drift.
b. 'We_gener's theory. i ' - : C

4. 'EVidenC& 10r,Coﬁtiﬁental‘ Dnﬂ v ) . v . ' BN
. R e . . .
. ‘a;. - D‘S‘trlbution Of,: . . .
” — VOlganoes -~ .

—'€artphquakes and depth of foc;
— deep gcean trench€s

b. .Ongenié belts: g k

— Matgp 'from continet 10 Contingny 7 0, - .
— do pot extend across oC€an-figqq; - B : ' o
. ' ’ i 1 1 e . ’ ' \
c. Pa.|eoclimates match, i.e., ;_g'ac'atlon. i . +
d. . Fossjj ‘correlation. « N .. -
e. Polar \yandering.

N o N -
. - s . . v




T Qgean-floor:.
S —_ mid-oceanic ridge :
— rock$ are geologically yong '
—- age of rock increases owards continental margin
— thickness of Sed‘mentaryé;;mck is greater towards the continental margin .
— the pattern of magnetic gnomaly is remar.kably'symm?;ricak one side is the mirror image
of the Other with respegt to the oceanic: ridge : =/
9. Djstribution of mountain rigges. ) €
. - ' , il |
5. Currgpy plate-Tectonic Thegry . -
-a. pgscription of plates.
. b Pyge marging S . o ’ , .
 __ constructive margins: () rifting . (b) down-dropping (c) thinning ‘and volcanoces
—_ destructive margins (ocean-ocean/ocean-continent/contingnt-continent) (a) trenching:
_ earthqu@ke foci, gravtjy anomaly, geosyncline formation (b) folding and mountain

puilding  (©) thrusting ang mountain building "

. Copservatlve margins, ¢.q., San Andreds fault ,

C. Calrse of plate mation: : e

' i : P : . . .
G ction current, mante extensively involved o o |
—m d|fled Convecthn current thedl’y. |Ong flat convection cells
— cdntracting earth -~ .~ _ _
— elpanding earth

Se'cl:i‘c;'n [I:] ¥ Qé@l@gm al .
T2 Selepees -

—— e

A CHANGING PLANET

Change is the key word'to this upjy, gtudents can be challenged to produce examplés: of any land-
. S€ape whyjch is NO! changing. Thig type of introduction leads directly to-a study of the changes .
\ Present)y, oocurring and the forceg which cause them. The unit then turns to the effect of such

. Changeg .over geologic time ang thus ‘leads" to Unit_ 3. | . . . '
SCOPE pnp SEQUENCE o ‘ |
1. 'The Earth Below & . : : o

'a.. tpe local-surface | - . R
b, il formation -2 L | |
_ T




"

i » Vv
o c.'land p-ofiles -

2. The.Time :calg ) N
' !

3. Gradational Forces

a. ice £ = _‘
Water‘ k . . " : - .. ) . Lo ! .
.Nlnd | . | \ | | | .
- .. L4 . ‘ ot \_.‘\

.r.-\/' 2R A -
P"@]@}g u — The Eart_h Below

L. EARNHNO our COMES

The studsnts should ‘be able to:

-

1. Describe at laast four types of chnngcs in evidence at i Iocnl gmvcl pxt or road cu! relating the changcq fo
cau-al f"ctprs . ) ) . _

»
T

(>Af3tiv':'.ty #1, Reference #3) | o S '

2. [dentifu soil Imri;zdns and indicate: their origins -and -composition.

Y . , . -
. . .
%

(Activity #2: Reference #1,2)

- % Correlate common local chlmulf"”/ deposits with }wbﬂlﬂc ongms methods of transport and cnvironments.

1sition.
of dcp(s .

(Activity #1, 2. 5; Reference #3)

& Construct a model of a soil profile.

(Activity #2, 4) ' | .

o A;mll/s( theproducts of wcn!hcr”h&’ such as cmclud granite, sub :oll and top -,0,1 Accoit for differences
it the snmplv'q - ‘

.

(Acttvny #2; Reference #1)

6. Rccoqmzc ”Il.’ ngmfzcnnce of pomﬂfj and pcrmmlnhty in soxl produchon proasscs

. (Activity #3) e .

'»Q o - o 2 g
ERIC =~ T

Aruitoxt provided by Eic:



i 2. Understand absolute dating by nicans of radiogctive elements.

t
&
WU

. 3. ‘Goldthwait, Lawrence, lnvestlgatlons in Earth Sc:ence, 1972 p. 1(57 activities in porosnty and

. " The student showld be abIe ‘to:

References : . . . e ¥
1. Goldthwait, Lawrence Earth Science, 1972, Formation of-Soil; pp. 41.-4é.~ . “~
\ . ] . : B . ‘_ )
2. American Geologlcal Instltute“ Investigating the Earth, 1973, investigating products 'of
weathering, soil — a basic earth material, factors that lnfluence soil formatlort klnds of SOIlS

pp. 194-200.

N -~ ) v . -~

3. American Geolqgical Instltute Investigating the Em!h, 1973, water, ice, and wnnd erode the land
the magnltude of erosion, pp 203-208.

. . . . ° . K v’/ ‘ i .
Activities and lnvestlgatlons | - h
- 1.. ‘American Geologlcal Instntute lnvestlgatlng the Earth, Teachers Gu1de 1973, pp 188 189
field trip: mvestugatnng earth hlstory in the field. .t
: L]
2. Amencan Geologlcal tnst|tute Geology and Earth SC|ence Sourcebook 1970, pp 160-161.
“_,ThIS actlwty includes comparmg smls with parent material, a var{ety of tests on the soil .
horizons, and a dlagrammatic reconstruction of the soil proflle A dnagram of the stages of -
'maturatlon of sml is-also. glven . oo R : : .0 .

permeability.

l' ’

"4, Goldthwait, Lawrenre Investigations in Earth Sc1en;:e, 1972, pp 98-106, Construct|on of a
Model is Outlined in |nvestigation 30 and 31.

5. thllams Dawd C‘nttlng Your Hands into the Till, B.C.T.F. Lesson A|ds Vancouver Brmsh

P\.Jyki - The Tlme Scale ) , / . ’ "6'_ g o

Geologlcal time is vast — much longer than historic tlme This concept can be presented qulte

‘-naturally in the sequence here, or-else in a later sectlon (See Sectlon B Unit 3)

LEARNING OUTCOMES ' .

1. DL!(”IHH( ageiby direct ulN’)mHl()ns such as Hu counting nf tree wmv!h rings nnd of varves.

B

(A_ptix)ity #1; Reference #1, 2)

' - . N

- . . PR < . e
- . e .
-

°

(Activity #2, 3; Reference #3) R : N~

T QZ‘”\ .

el

Columbia; . .
. . ] &/



v . ! . o ' . .
. o - I : . :
- . | . ‘ .
[4 . L -
3. Conqtruct a Geological “Time Scnlc of jour own. . : ‘ \\ :

{

{Activity #4, Reference #4') .=,

References ' S .

L%}

1. isque, Pratt ang Thompson Earth Science: Pntjrns in. our Environment, 1975 pp. 12-15.

‘2. Amerlcan Geologlcal Instltute lnvestigating the Earth, Teachers Gunde 1973, pp. 168-171.

3. Amerlcan Geologlcal Instrtute Invcanntmg Hw Enrth, 1973, Pp. 333 337.

4

T4 Go|dthwa|t Lawrence Earth Science, 1972; pp 109125
e . .
i} . . c

Actlvrtres and- Investggatrons )

A 1. Ask students to, bring stump-ends from logs (known as lily- pads in the ‘saw-mills of BI’ItISh
' . "Columbia) to determine age by counting growth rings. Note how. ring- growth patterns enable us |
- to link up”with trees of pre h|stortc times. ' . A\

‘\\ - o
2. American. Geologlcal Instntute Investigating the Earth, Teacher's Guide, 1973 pp. 171 172,
‘radloactnve elements -and-atomic-clocks, usnng atomnc clocks to measure geologlc tnme

T— 37 American Geological Instltute Investlgatlng the Earth, 1973, pp. 328 329, an exercise to. -~
ST |I|ustrate probablllty rate in radioactive decay is presented * .

’ g
-4, Amerlcan Geologlcal Institute, Investigating the Earth, 1973, pp. 333- 339 The Geo|og|c Time
Scale is presented together with problems in calibration for the same. ‘ )

», '-" . : ) . . \}

.- P\,]u)i é — Gradatlonal Forces

The action of running water, of icey and of wind not onIy reshaped the mountalns “but a|so has had-a
great rmpact on much of the contlnental North American land mass. .

t

l\J !

LEARNING OUTCOMES

. R ¥ . ’ -
Theﬁstudent should be able tor - - - o .
‘ The Action of ice ’ S : I ' o .
: AT .
e 1 Account ;‘m the fenhucs produced tirough vnllcl/ glnucrs and through umttm’nml 1cc sheets. -
1 . . . I o + ,
(Actrvnty #1,; Reference #1, 3, 5) - .
. hd ; ’l
2. DPrepare tables which indicate contrastmg as chI as common fcnturcs prcsent in nrcns mflucnced ln/ valley 7
and continental qlncxcrs ; . '
¥ e [y ) o ' ) N
{Activity #2; Reference #1, 3, 5), .
31,




3

3. App[l/ concepls of super-position and tl(r;formzmrmm‘;m in-order to mmll/qc cross- sections of glacml tills

and oulwmh p1mn< . wﬁ;,,rv_ . . g
e : : P .
(Activity #3) . ' .
\ " . ]
4. RL’L onstruct com!tllonb during the retreat of the ice b}ILL'f‘? using. palcontoloqtcal L"'tdcnu' and a gvologtcal
map of the Ice Aqt' § & ‘
C ! E ) - . . : 7
. (Actlvny #4) : . ' : . ) ' : .

 The Actlon oi Water

1. Set up a stream mblc to determine the Lf[cc! of strcam slope, ef water volmm’ ‘and of soil parhclv size in
= . Stream erosion. D ‘ - . Lo :
(Activity 4?5. 7. Reference #2, 4) : , R S .-

P . v

2. Determine the effectof erosion upon . various portions of a valley.

(Activity #5, 6, 7 Reference #2 4) . )
- . 3. .Recognize'the cf[’vc! of dissolved or <u<pcnd0d parttclc< in watcr upon erosion of the sm’am bcd . ‘-
O N . -
2 P | .
. ) * (Activity #6; Reference #2, 4) o ' ce o .
\ 4. Rcmg‘niie the effects and characteristics of shoreline erosion and deposition. '

'k ) i , . . . ' - . ’ .
-(Actlvny #8 9: Iig;ence #7) : ‘\ .o T -

5. Indicate ’ch sxgmfzcamc of the effcct of water as an erosmnal agent in ortdahon, hydration, fro<! action,
and in inineral <olutton . . , :

(Activify #107 1{: Reference #2, 4) _ o " PR R
. » Is . ' ) ) ' '
The Action of wind | P - , o : o K
S : AN
-(_ B B ‘monstrate how wmd< move bcdmzcnls and modtfv the earth’s surface. . - . ’ - .
P (Activity #13, 14; Reference. #6) °

*2. Recognize the major features characteristic of a desert landscape.

-

[
. : 5

e D )
i

| .
(Activity #14; Reference #6)



AU . .
- . . . B
f . . R '
.
. . 4

.
N . s

3. Differentidte between wind blown and water ¢roded sand,
' 7

“(Activity #12) -~ ) .

3.
IV /
':,."- N . . ‘< . i’
References = | & 7 . R o

1. Goldthwait Lawrence. Earth Screna 1972 Chapter 17 Formation and Movement of Glac>|ers
Erosion by GIaCIers Deposltlon by Glaciers, pp. -358- 379

2. Goldthwai/ta\wrence Earth Scuncc 1972 Chapter16 Actlon of Runnlng Water Erosion by Run-
ning Water Stream -and ValIey Development, pp. 335- 357

3 Amerlcan Geologtcal lnstltute. Invcstrgatmg the Earth, 1973 The Great lce Age pp. 406-410.

.

4. Ordway, Richard J., Emth Screnw 1972 Chapter 7, Weathertng. Mass-Wastlng, and Stream

@ston,, pp. 171—208 o - _ i

5. Ordwc.y, Richard J., Earth Scmnce 1972 Chapter 9, Glac:|at|on pp. 235- 259 -
6. Ordway. thhard Ja Earth Science, 1972 Chapter 1Q, Wlnds and Dry Lands pp. 261 -276.

7. American Geological Institute, Investzgatmg the Earth, 1973, The Continental Margtns
pp 226 230. 5 ' : :

M

Actlvmes and Investlgatlons

1._American Geofogical Institute, Geology and Earth Smence Sourcebook 1970, pp. 213 216, an
«analysis of the Glacial Map of North America is presented. Adaptation of the prtncnp!es as they
apply. in, Canada is suggested for students in British Columbla

characteristic features of vaHey and continental glaciation with locations for some are tabled
here. . . . , : =

- o

2. Amerlcan Geological Instltute Geology and -Earth Science Sourcebook 1970 pPp. 212- 213, f

-

3. Amerlcan Geologlcal Institute; lnvestlgatlng the Earth, 1973, pp. 410-411, an tcé-age puzzle is

-t v'presented with. research Yata plotted on a map. Sfildents determine tinse Iapse between layers

of deposltlon as well as condmons promptlng the parttcular deposlt
4. gzng the Geologic Map oi Wisconsm and Recent Ice in North Amerlca, Geologlcal Survey of
' nada, 57A and 1253A, in conjuniction with the National Geographlc chart, Animals of the lce
. Age, National Geographic Maga_glne, March, 1972, study the evtdence of anlmaI m|grat|on to

_the American Continent. / .
~AN |nterest|ng poster -to augment the abové can be obtatned by writing for: ’
Deposits Near Medicine Hai, Alberta : - : \
Publications Distfibution Office - v N :
Geological Survey of Canada e }
601 Booth Street .o _ N
: Ottawa . ‘ :

5. ‘American - Geologrca! Instltute, Investigating the Eartﬁ Teachers Gutde ?g p. }'08; the

o~ . - - X . . . - R

_ e
. - 738

39



L]

_of deposition. - ¥

\
‘.

relatlonshlp between stream slope and volume of water is |nvest|gateda

Goldthwalt Lawrence lnvestrgations in Earth Science, 1972, lnvestlgatlon 34, b 115, and In-
vestigation 37, pp. 125-128 present the following-exercises, Effects on various stream beds and
The effect of d|ssolved ar\d suspended particles, respectively. . .

I
-American Geological lnstltute Geology and Earth Sciénces Sourcebook 1970 pp..168-169,

using either a stream-table or a smalil gully out of doors study and ldentlfy areas of erosion and

“Hoyt, John H:, Fletd Guide to Beaches, E.S.C.P. Pamphlet Serles p 7, presents a number of ac-
" tivities: for shorenne studies.

J
<

American Geologlcal Institute; Investigating the Earth, Teachers GUIde 1973 pp. 113- 114' ‘

shows how to construct a- model of depos|t|onal -processes.

)

Amerlcan Geological’ In,stltute Geology and Earth’ Scrences Sourcebook, 1970 pPp. 160 161,

Thls unit_ has two bas|c themes:

1‘.

TIME -~ ©. . ' R N
Hlstory as viewed by an- historian is a very dlfferent concept from history as vtewed by-a

."geologrst The immensity of the geologic {ime scale is 6f such vastness it is difficuit to com-

34, ’ o e

. o ‘ 40 | . g

10.
frost action, rock and SOlI oxidation, hydration and solution process exerc1ses
11. American Geologlcal Instltute lnvestrgatmg the Earth Teachers Gulde 1973 pp -105- 106
' hydration and oxidation act|V|t|es )
- ’
12. Obtain samples of beach sand and of wind deposited sand. Compare the two in as many ways
.as poss1ble through a m|croscope Check average graln stze, posslblefacets break down of
original crystaII|ne formation. transparency, texture ete. ’
A8, Wolfe, et al,, Earth and’ Space Science, Lab Manual 2nd ed.; Exerclse 18. p. 65, movement of
. sand’ part|cles by wind.. v . L% . :
*14:. American Geologlcal Institute, Geology and Earth Sciences Sourcebook 1970, pi 164;167.
' exercises in sand dune development and in particle sortirig usrng an electric f
C eackion T2 @eolocu:lool
Section| |3 “
f;
EARTH’S-BIOGRAPHY/GEOLOGIC TIME -
. .
- . o Co T . {)
INTRODUCTION : ‘ A :



;

prehend its impact on science and phitosophy. This “unit will attempt to put its
measurement and duratron ipto a_more concrete perspective. .

2. CHANGE. '
As rocks and minerals have changed w1th trme so have livihg organisms changed or evoIved

An understanding: of thns process is galned through a study of the fossil record.

SCOPE AND SEQUENCE . N\ o S
* 1. Geologic Time . . .. . '
a. ‘relative and absolute time >

the determination of absolute,tlme

— radioactivity: carbon-14, uranium-lead. potasslum argon
— other procedures

c. the geologlc dime chart

,.
n

Fossils and Earth Hlstory

the formatlon of fossils

examine fossils and geologic maps (local site If possrble)
principles of superposition and unlfoqmtananlsm

the slgnmcance of fossils . L

— dating and correlation of rock formatlons
- — index fossils
— prehustorLc climates and environments e - -

— fossils and evolution — . o
/ ) . _;"b

a oo

e

4 UNIT 3 — EARTH'S BIOGRAPHY/GEOLOGIC TIME

LEARNING OUTCOMES :
'The student should be able to:
1. l’zirmgui_sh Iwzguvn relative and absolute time. 3
- g0 . . -
B ,. : R _ .
(Activity #4.5.6.7.8.9.i0,12\\? 20. 21. 22, 23) N
. . TONN :
2. Construct u geologic time scale:.use this scale to compare the ages and lengths of various segments of
Qeologic tme. £ - :
(Activity #1. 2, 3. 11, 14,15, 17.-18. 27, 31..32. 33)
- 3. D,-‘_s‘(r"iln' l'ddiozlf.‘ii’t: da.'ing. . ’ . 4
(Activity #8. 9. 10. 21..29. 30. 35) ‘ ) Y - )




\_/

4 r'd
. - . _ \
4. Solve simple problems related to a variety of dating procedures, ¢.g., carbon-14, uraninm-lead, polassium-
argon, tree-rings, varves, ctc. : ' -

(Activity #5, 6. 8. 9, 10, 19, 20, 21, 27, 28, 30)

5. Use geologic maps to determine absolute dules of local rocks,

(Activity -{{'33, 34)

6. [Interpret g-cn{ogir Mmaps,

© (Activity #33. 34)

7. Upon examination, stuggest hypotheses for the formation of a fossil.

(Activity #24, 31, 32, 36)

: ‘ ' . . .
B. Describe how fossils form the key.lo pasi geologic cvents.

Y

(Activity #10,.11, 24, 25, 27. 32, 33. 36) | !
9. Discuss l‘rilically the principles of Superposition and Uniformitarianism.

——

(Activity #5. 11. 15. 20, 22. 23. 24, 25, 31, 33, 34, 36)
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_Activities and Investigations

1

1. ave you ever seen a million of anything? Count sand grains and see how big a;:z 1000 ggo
‘ grains'would be. Do thjs by sampling rather than actual counting. Count the gr N ong mi_
and extrapolate (ret 17Np_461))

2. How many life" es are there in'1 000 000 years?'(ref, 1. p. 461) -

3. How many copies of a ditto sheet (use a master ditto sheet and run off part of the1 req“{';ed num-
ber) filled with asterisks would you need to have 1000 000 asterisks? (ref. 1+ P- 461

?
How could a burglar teil that the owner of a house has been away for almost a V‘Sie}fn (ref, 1.
462.) Tms tHustrates an indirect method of measuring time. a comron pract! geology

p- 463)

PN

Itlustrate a method of measuring time indirectly by Studylng varves. (ref. 1-

[$3)

5. Mustraie a method by Wthh trees can be used to p|ace events in time. (ref 1. P 484. 467)

7. 1f you were locked in a room with no windows (But Dlenty of air. food and water): hheonN Coulg you ;
measure the passage of tifle_so that you would know the day of the week W you - would

: finaily be let out? (ref. 1. p. 468.) \\ i

8. Two kinds of carbon can be found in wood. The main  pe is called carbon 12, and the. Other
kimd is called carbon-14. Discuss the difference be . zen these two kinds @' €8bon 5p4
illustrate how the ratio of the two types of carbon can be used to determlne the absolute date of
organic mat te: al. (ref. 1. p. 468-471.)

9. Ul’anrum can be used for dating. Demonstrate a Geiger counter on arock that contains fadipac- ~~—~
- . tive minerals such as uranium. which decays in steps. Geologists can tell thé difference e pet-
ween |ead-that came from uranium and lead that was there all the time. because the Weights
_aredifferent. List some radioactive materials and indicate how the decay of on€ Of these s ub-
~Stances can. be used to deterrmne the age of a rock. (ref. 1. pp. 472-474.)

10. What methods could be used to date a Serlef f objects such. as (a) a wooden mhmmy case

37. - . :
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1.

12.

13.

14.
15.
16.

7.

18.

19.

20.
21.

22,

23.

24.

“from Egypt, (b) a fossil fern found iN Shaje, (c) a mammoth found ff

A tooq washed an old log out of @ TiVer pank. It should contain 0.28

'bon-14 How old was the log? (ref- 1. p 484,

. periog of time. When you n flve~mmutes have ‘passed, sigﬂ | the tim

. " ° " /
S , . /
- P re CT ,/
¥ . v

oZen in a glacter, (d) cqa!

fou nd iy Antarctica, (e) a very old 5€Quoig tree, (f) a spear point from 2 ‘prehistoric campfire, (g)

- @ "fire'grrow” oldest known Chin€Se gyn and (#) moon rock? (ré':’ 'P 475

Both fogsils and mountain building €an be .put,.éri'a kind of geologi.C/Ga-lenda

: v ; 4 il ;
time sega)e or geologic column, To Make 5 catendar of your own, you willnegy a metrestick and

a strip of adding machine tape 5 metresjong. I1f.yau have cbloufed pencns use them tof

marking (ref. 1. pp. 474-478.) ]
) ' I

1'you found an old newspapér nail®d Beyween the walls of a hous®' “°Uld yo . tell when the
house as built? (ref. 1. pp. 478-479. ' A

Once yq, have completed your cal€Ndar yq can use itas a rulerfor;;easufing time. Suppose .
you foynd a rock layer with a fossil danSaur in it. During which eraW? fock layer probably -
faid doyjp? (ref. 1. pp. 478-479.) ' S . '

Write an article for the schoo!l newSPaper 5ing the narﬁes of ali 12 of the di'ferent time periogs-
fref. 1. 5. 479 : : o

If you ¢ouid spend any amount of MOney 4, ;se any amount and kind ©f eq“ipment- how coyld
YOU beyer determine the age of the eapp? (ref. 1, p. 479.) '

Use yq,r calendar to figure out What ig wrong with some of th€ CMogng in your. local

NeWSpaper (such as the one entitled “g o ) (ref, 1. p. 483) "

If you tape your calendar to the wall so that you can see all of it at 9 Ce'_ypu will notice that.

even it yphe very first man to walk th® €arth could read, write and mea®!re timg he could tell ys
Very liytje of the earth's history. Y not? (ref. 1, p. 483.)

Your scphool may have a stairway. ! ount the’ number of steps fruD tttwhe

and dgiermine how much time you Id ‘pass through by walkind “g
represented an equal percentage Of the {o4a) age of the earth (abou?
appeargnce of man with a pieceé O magking tape on the approp’

bottom to the toP
® stajrs’if each step

g . teh
jate Sleg years). Mark th

, v ) _ e cu '
Given 5 cross-section of a tree, can You determine when the tree was tdoWn'? (ref. 1, p. 484.)

v e . S e

I you' \yere given a varve sequific® in which the oldest varve had 2! seg-c-f_ated. would you pe

abletg yate'a fragment of bone fouNd somewhere in the middlé of thone (‘On? Students coyd

be given such a drawing and ask€C to ggtermine the age of the b " \ref. 4. pp. 484-485.)
: - gramg

\ . ai

log wers still alive. Geiger counter '®adingg showed that the log cont

N€d 0,035 grams of car-

) , . S ) _ . Lnef ST '
An 'ntroducﬁ?n'n to @ unit on the MeaSuremeant of time might include th o”°wmg exercise.Use -

N S durat;
any method you can think of, eXC€Pt yg . watch. to determine thent t(’)aélo
perioq cover all clocks and watch®S in.the room. Choose one-studé
timékegper will place a mark on the Blackhoard when you are to sta’

n of a.five-minyte
® 3 timekeeper. The
fasyre a five-minyte
€eper. The
ord the acty 2!

timekegper will make a marfeach time someone signals and the te@® '~ Wiy

time gach student stands flit possiPle). (rof 6. p..324)

You cap mark the passage\of timé By rejating it to a series of eve”; to
time. jst four events of youryast lif€. Pyt the most recent event at “”0 b ; Of your list. Now add
to your jist the events that onk or tWO of yqr classmates listed. Try t k\fe ajj ‘of these eveng
in the 4/ der they -happened. )ref. 8. p. 324.) ’ %

-

. . - : g ati .
Show gy, dents illustrations Such @5 are ggpicted on p. 326 of Investi9 NG whe Earth (Revised

e

v -

B g,

,

r called a geologqicC .

of carbon-14 if the

- This 5 termed relative




_Edition). See if you can find siggs of changes that have happ€ ed in the recent past. (ref 5. Pp.

326-327) ¢ |

B 25, |Ina the‘or'dere,d sequence of events, event A ‘hap'péﬁed,b fore event B, which in M hap-+
pened weiore event C. Event D however, happened before vent B, but after eyent A. can You
represent these events in their proper order? (ref. 6. p. 327 TAnswers for investigations numbgrs
25-to 28 are given imr reference 8. : ) : . ' o N
26 can you think of any events that do not involve change? (ref. 6/ p. 327) N
27 why is it important that earth scientists be able to determine relative and measured. geologic
time? (ref. 6 p. 327) A . | o

28. How would you define‘time?. (ref. 6, p.-327.) o X o >
. rom Ybljr

29, QOptain a small amount of 'uranium ore of a specimen of uranium-bearing mineral f
teacher and place it in a cloud chamber. A cloud chamber can be obtained from Arbor
tific Ltd., Box 113, Port Credit. Ontario. The chamber consists 0f clear plastic dish apoul the
size of a cottage cheese container and lined at the top with a felt strip. The covered chamPeris .
set on dry ice until the alcohol saturated felt s\rip produces a vapor. In the dark ysing the peam_
of a flashlight the students can see the track qf beta pérficles emitted from a pjece of radioac--

tive ore. (ref. 6. p. 59) . .
dé\. - e$'

30. Ali the nuclei- of radioactive” elements do not\x_ 3y ‘at the same time. The decay proc :
volves chance. Although atoms cannot avoid decays it is impossible to tell when it will hapPpen.
for any particular nucieus. Since even a small sample 6t radioactive element gontaing pillions

of atoms. the average rate of decay can be determined. To illustrate the concept of haﬁg,es.zg‘; :

26~ .

can develop @ simple model illustrating probability in radioactive decay. (ref. 6, PP. 3

scien-

3 N . . _ , ‘ o _ _ ' auch .
g ‘ 1. Were the earliest methods of classifying geolegic time relativé or measured? why were c

- ' methods used? (ref. 6, p. 339.) - ‘ . RS AR

32. How does the correlation of fossil species relgte to the dével@ﬁ‘mem ofa Geolgic 'Time,lscale?

" (ref. 6. p. 339.) | _

33, 'How could you develop a Geologic Time Scale for your local area if one We're hot av‘gﬂ,able.?,'

(ref. 6, p. 339.) ‘
o \>34~ "Stud-y' an outcrop near your school ajd determine the sequence of sediments present there.
7/ Determine the relative age of the different beds and discuss the problems of measuring the

exact age of each bed in years. - A0

35, The magnetized bodies in the ocean-floor have provided an amazingly complete histofyvﬂ

. magnetic-field reversals that now extends back about 76 million years, into tne CretaCeous.
period. The classic paper on_this subject is one entited REVERSALS OF THE EARTH'S
MAGNETIC FIELD by Allan Cox, G. Brent Dalrymple and Richard R. Doell (Scientific americar
February 1967). By comparing the ages they.assigned to specific reversals of the geomagﬂenc,
field with the distance of the corresponding anomalies from the ridge ‘axis it iS'pOSSible to -
determine the rate at which the sea-floor has spread in the various oceans. Study the pauern of
sea-floor spreading shown on pp. 72-73 of an article entitled SEA-FLOOR SPREADING py J.R.
Heirtzler'in Continents Adrift (ref. 10, pp. 68-78). Using the timé scale given gn p- 75 (ref-~10)
determine the age of the following events (a) birth of iceland. (b) opening of the Gulf of Aden,
(c) separation of Australia from Antarctica. (d) separation of New Zealand from Antarcl a, (e)
separation of South America from Africa and (f) separation of North America from Eu zia- (ref.

10. pp. 68-78.), - .

39.
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The initial development of the Geologic Time Scale was based on the fossil record. It clearly
showed that there were periods ot time characterized by the abrupt mi{lllpllca‘tlo_n and diver-
‘sification of certain animal and plant groups. It iS Now thought that continental drift played an
important role in explaining this phenomenon. The age’of reptiles, for exa.mp|e_ lasted 200
million year§and gave rise to only 20 reptilian orders, or major groups of reptiles. On the other
hand the“age of mammals. ‘Which.followed the age of reptiles, lasted for only 65 million years

I butgaveriseto.more-tt an-30-mammatian-orders—The ditference-between-the-number—of-rep

. -fluenced the development of the geologic time scale. (ref. 10, pp. 114-123.) -]

tilian orders and the nfmber.of ' mammalian ones-may partially be explain€d by the tfact that for-
‘most of the age of reptjles the continents were collected in twb supercontinents, whereas early
in the age of mammals'the ‘two supercontinents broke up into the continents of today. Write an -
essay on the effect of these events on the.evolution of living organisms and how this has in-
i - \
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The'oceans and the atmosphere are co'np/osed of fluid bodies- which move in reSponse to dlf-_

. ferénces in densily. The circulations of ocean waters and atmospheric ‘gases then, are similar
précesses This seistion alsp examlnes the ocean basins; the sources of@sco eries which have con-
f:rmed theories of continental drift and led to the new plate tectomcm R
SCOPE AND SEQUENpE .

. " - ’v‘e.
_Unif 1 — Oceans and Ocean Basins - R “i
,. 1. Ocean Waters _ L i o .
a. / characteristics of seawater
b. énergy water and motion .
c.. oceans and man ®
2. Ocean Ba"sins' L L : L " . o
E a, a Cross- sectlon of features and processes '
. b. the mid-ocean’ r|se .
’ c. deep ocean trenches
d. the life cycle of an ocean basin
- .\\\. -
Unit 2 — The Atmosphere ' _
) 1. The Study of Weather and Climate 5 . T (
N a. the nature of air - - ' ’ _" )
b, the struclure of the atmosphere o . . o
c. solar radiation in the atrhosphere _' - R / -
d. the effecis of changing the current of air - o '
2. _The Air in Motion SR . - .
‘& a. the general crrculatlon of air , .
" a
'b. planetary winds _ L B /
6y local winds and seasonal wund systems : . - . v _
'd.,k wind erosnon and deposmon ; oo . I .' \f
“ 4 re T
3. Moisture in the, ATmOSphere N &
a. water vapodr - . . ' *
b, fog and cloud formation '
/‘ c. cloud types o, . . ]
: d. - precipitation U ’
T 44,
)
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P . o i
4, Air Masses, Fronts and Storms ‘ 2
. . B
a. air masses - -\‘~-._
_ b. air masses affectiry Canada ' v
- ¢. weather fronts: ' _ SN
cyclones and anticyclones ;
" ) ~ . ,.-
storms .
- 5. .Weather and Climate
. a. weather prediction %
-b. deterfnination of climate.
. - s 3
- /
7 }
v /
.t i"\i ). -
\ \ .
4 < 2l
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3 . OCEANS AND OCEAN BASINS

This section of the course (Oceans) presents students with opportunities to investigate the structuraI
-and energetic mterrelattobhtps which characterize the oceans and ocean basins of the earth.

_Teaching strategies should b deslgned so as to direct student inquiry toward an awareness of the -
‘followmg principles:

- i 4

- Oceans : ' . ' o : : .

a.- The major feature of any. ocean arets movements The dynam|c quaI|t|es of oceans should
be stressed |n all investigations..

b. "Mot|ons require energy. Several methods of energy transfer oceur in the productron of
movements in the ocean.

c. Water movements circulate minerals and gases which |n turn |anuence blOIOQICaI prodyc-
T t|V|ty All men are either d|rect|y or indirectly dependent on this’ producthlty

d. -Water movements |nf|uence and partlclpate in the- productron of chmates ‘and weather:

~ ./

2. Ocean Basms (May be covered in Dynamlc Crust) ’

- -

a. The major features of the ocean basin ar‘e the mid oceanic nse (M 0. R) and the deep-
ocean trenches. .

b ceanic crust is compos|t|onally and stru&tUrally dlfferent from cont|nenta| crust.’

. Ocean basins are dynamic structures which may “grow" or."shrink’ over geologic t|me as
new oceanic.crust is created at. the M 0. R and eventuaIIy destroyed at deep ocean tren-
ches. : .
* ) . - - ~ Lo ’ ’ i .
LEARNING OUTCOMES . 3 ' R

The student should be able to:

1. Dutrrbc and qumm the major LIH’I’L’”[‘» ina ht/pothctrcal emth ocum
// - P ‘

[ el

-

(Actlvrty #1, 2 3, 4, 5, 6 7. 16, 17)

‘

2. Give examples and demonstrate the pmdmtron of surface crnrcnts e

-

‘ ’ ‘\ . . - ) - . “‘ “ ] . N ——e.
_(Activity #11, 12, 13, 14, 15, 16)

?

L}
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3. . Give reasons for the production of the Eckman effect.
(Activity #9, 14, 13, 14, 15) = - )
. . o | .
4...' Dcn.mnstmlv at least koo 'nu'thuds of prnducing dccp ocean currents.
\ v . . ) ) ’ { o, )
. i " - R o0 . . h -
(Activity #1, 2, 3, 4.5,6.7) - = o L
5.. Correlate ocemtic currents with world climates.: : : - ' o -
K (Activity #13. 14, 15, 17, 18, 20) o . S e
3 ) _ .
“l " 6. Discuss and describe the origin and extent of the mid-ocean rise. : . -
. \:5 ) . ) ) “
» ' ‘ T
“Aativity 21, 22, 23, 24)
o 7. Compare uu'u”;\c_ crust with continental crust and hypothesize rega m’i\n‘«\y tie consequence of the diff'vn"n'a's. S
(Activity #23, 24. 26, 27, 28) .~ . oo
- 8. iDcﬁcﬁbc the pm}mbh; life cyc.'lv of an ocean basin.
. (Activity #23. 24. 26, 27, 28. 29) - ) .
A 9"‘\bl;ﬂz‘\'runx-u cross-section of a typical ocean. . )
(Activity #21, 22)
. . R ‘X t
References L . : P
1 A.G.l: (1973). Geology and Earth Sciences Sourcebook, Holt, Rinehart and Winston. X
~" T 2. AG.: (1976), Investigating the Larth (revised ed.), Houghton Mifflin. .~~~
X Fd . R B3 3 . : -
.-+ 3.. Goldthwait. (1975). Earth Science, Ginn & Go. i
4, Goldthwait, (1975). luvestigutions in Earth S;‘ivn:‘?’, Ginn & Co.
’ . . E . . . .
5.7 Heller et al.. (1978). Chullenges to Science: Earth Science, (Canadian S.1. Metric ed.).
6. '1.5.C.S.. (1972), Crusty Problems, Silver-Burdett (G.L.C.). - 3
- ' . S - 47, _

! . . : N




7. 1S.C.S., (1972), Winds and Weather, Silver-Burdett Co. (G.LC).

.8. Jackson, Evans, ‘(1975),'l5paccshi'p _|Ea}rt.h, Earth Science, Houghtoﬁ Mfflin.

9. Nuffield Secondary Science 8: The Earth and its Place in the Universe, Longman.
10. Pickard. G.L., Descriptive Physical Oeanography, PErgamon Press, Elmsford, N.Y., 1963.

¢

\, -
- l-;i
Activities and Investigations ' .
. - 1. Density Currents: Geology and Earth Sciences Sourcebook, p. 185. .
) ! i} Co - - : N .
2. Salinity: Inves_‘.‘tigatin'g the Earth (revised ed.),.Investigation 4-7 (p#51 Teacher's Guide).
3. To‘investigate the effects of \)ary.ing salinity, temperatu_re”.andﬂ'suépen 2d solids on th‘e'-'densi,ty
of seawater, fill an aquarium or a plastic garbage pail with.an “artificia seaw_ater“ and do not .
change it during the experiment-Then fill balloons with seawater modifigd in various ways (by
solutes. suspensions or temperature) and place them in the pail. Make sur that there are no air
bubbles. You can compare the densities of the contents of each-balloon wlth the density of the
seawater in the pail by observing the buoyancy of the 'balloon." ‘ o '
s N ' . .
4. Fill'a styrofoam. cup with crushed ice and food colouring. Punch holes in the bottom of the cup
" and tape the cup securely in the: corner of an.aquarium. Fill the aquarium with room tem-
‘perature (or warmer) water 1o a level just above the base of the cup. Observations will indicate
the method of movement of some deep ocean water bodies.(See investigation 4-7,.p. 49, In-’
vestigating the Eanh.) » : - .o" '
5. Gol.dt_hwait,'Invesﬁgati\bns in Earth Science, Investigation 26, “The Solu_bility' of Substances.in
Water"”, p. 85 o : . C S :
£ - . ,('“ . .
6. Goldthwait, Investigations in Earth Science, |nvestiga'tion 33, "The Density Changes in Water'",
p. 110. ‘ : B
' 7. Goldthwait. Investigations in Earth Science, Investigation 37, "How to Produc,e‘andMeas’ure .
Density Currents”, p. 125. S Y - '
[ K v - A . . ] i . . . . <
8. Goldthwait. Investigations in Earth Science, Investigation 38, Salts in Seawater”, p. 129.
9. Waves can be defined and invevstig'ated through the use of a “'ripple. tank' of the type used in
P.S.S.C. physics. A stream table equipped with .a wave generating_device can be used to
demonstrate or in_vestige}!te the effect of waves an.shorelines. S
10. Investigatipn‘s in. Earth Science, Investigation 33. Developrﬁght of Shorelineé, p. 133.
11, InVastigating th'éf"”l.i'arth (T.G.), Section 4-4,-Waves Carry.Energy,"op. 48.
- '1.2. Investigations in Earth Science, Investigation 40, -Surface Ocean Currents, 'p. 137.
13, Investigations in Earth ‘Science, |nvestigatipn_v1,3. The Coridlis Effect, p. 42. '
14. -inve_siigating the Earth (T.G.) Section 46, Investigating the Coriolis Effect. p. 48.
. . ) ° . : ) ~ ' .
15. Earth Science (Heller), Activity 11-1, The Coriolis_Effect.'p. 237. -
' . Y A T

-1
’



17.

23.

.24,

25"

26.

- 27.
28.

29.

. WMost profiles of the continental margins which appear.n reference books are shown with an

.'ir‘
o

Have students trace and-map-concentrations of 0., CO, and important nutrients in the Atlantic

. or the Pacific (Descriptive Physical Oceanography is a good reference.)

Conve\“rge‘nces, Divergences and Upwelling make good essay, discussion or modelling topic ‘
(e.g., How'do the above phenomena relate to whaling and fishing?).’_, : o '

Some investigatibns involving the-water 'cyclé are found in Spaceship Earth, pp. 200-203, (7-6

and 7:7). .-

Audio-visual aids are best used to describe tidal influences on the earth. (See the list at the énd -
of this guide.) . ' ‘ N -
Societal aspects of the earth's oceans are best discussed and inveétigéte'd as e'ssayand debate

topiceé\. Many recent bdoks.and articles on the subject are available, some of which are listed at -
the end of this guide. ' : ‘ O ‘

. - ) v ‘ ; , A Lo . .' ' .

One.of the best coverages of topics related to ocean basins is found in Earth Science, (Heller
et al.,) Chapter 10.. The chapter discusses oceanographic techniques, continental shelves,
slopes and rises, trenches, valleys and mid-ocean ridges. A" good exposition ' of sea-floor

spreadirgg is also found in this text.

exaggerated vertical scale. The construction- of a 10 metre long “scale” cross-section gives
students a better appreciation of true relationships. Such a-cross-section will come in handy for
tRe demonstration of sea-floor. spreading later in the" unit.. L : : '

A \éeismic Map of the earth accurately pinboihts the mid-ocean rises and indicates that they are
activity centers of the earth's crust. Chapter 11 of Investigating the Earth, details much in-

- ‘formation regarding the location and mechanics of the mid-oceah rise. :

A
.

Investigating the Earth, Investiga._ti'o‘n 11'-5: Investigating Earthqu'a}'{écs‘._:.;t)‘. 242, Teacher's Guide,
p: 126. . : v s N

Activity 10-1; Determining Shape by “Depth Soundihgs"; Earth Science, (Heller et al.,) p. 214..

N [}

Trenches are the areas where the earth’s crust is destroyed.’To c‘onservehthé_ earth’s crust, new:-

crust is produced at mid-ocean ridges. The Earthquake Watch, investigation (1.1-5) indicates,
the presence and position of diving crustal plates at -subduction zonqes or trenches. | ~

S

Students should be ehcbu’raged to attempt models of plate boundaries to show what happens

when plates collide or separate,

- Trenches may also be investigated from an earth resource viewpoint as potential .'garbage

%

dumps” for nuclear wastes -and other materials. o C @ By

P SO

Using maps of oéeag[‘basins and s{J.rfaqe features of the earth students should be a'ble“ to give
substantiated examples of oceans or former oceans which are at a particular phase"in* their

‘lifecycle. :

3
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THE ATMOSPHERE o

v

The study of we ther and climate is a growing science. The atmosphere is an integral part of our
planet. Through dlimate the atmosphere effects the erosion of the earth’ surface by water, ice and
wind. The study &f the atmosphere and the physical and chemical laws that apply are also an in-
tegral part of earth science. Physical processes such-as convection, exchange of energy. changes
of pressure, changes of phase and other mechanical processes are often more obvious in the at-
mosphere. They are- thé’tetore easier\to teach using as examples their occurrence in the atmosphere
rather than in the Itthosphere where they also take place. An understanding of these physical
processes requires continuing scientific investigation and there are practical experiments in
meteorology and climatology that secondary students can perform to aid in the growth of this un-

derstanding. . ~ :

LEARNING OUTCOMES-

The student should be able to recognize: .
Bl Wy
1. The importance and abundance of various substances in the carth’s atmosphere mui the striture of tln' -
mosphere and the effects of the swn's radiation on the structure and substances of the utm.)\phur
A

W
.

(Activity #1. 10. 16. 17, 19, 20)

2. The natural cycles such as the' carbon, nitrogen, hydrologic and ozone cycles by which the atmosphere
maintains its balance as w life-supporting as. systent. ‘
.

T "’(A'C't‘l"\iit)f:fg’f‘."'Ii'.' 4, 5)

3. The effect of changing the contdéut of the air — the function of cach component.

(Activity #:1. 4, 5, 15, 16)
4. The ('mn;"fh;.\' wind circulation patterns over the earth, . ’ ‘ s T

(Activity #6, 7. 8, 26)

O

ERIC

PAruiitex: provided by ERiC ! -
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(.
\‘.

The local conditions that determine the patterns of local and seasonal winds.

(Activity #6-8, 9)

The elements responsible for the circulation of the earth’s afmosphbrc:'
a. the heat from the sun.

b. the rotation of the earth.
c. the friction between the earth’'s surface and the air.

~

(Activity #4. 6, 7. 8. 20) j ‘ -

The hydrologic cycle, including phase Changes of weater in tye atmosphere, relative humidity related to tem-
peratire and pressure. e -

t

(Activity #1, 3. 4, 10) : : "

10.

(Activity #10, 11, 16)

1.
12,

13.

-

ERIC

Aruitoxt provided by Eic:

The three basic types of clouds — cumudus, < nitus and cirrus.
. .

e

s

(Activity #9, 10, 12, 13)

The forms of precipitation — rain, hail. snew, sleet, and dew.
, .

(Activity #2. 14. 15)

The relation of the volume and density of air to pressure and temperature,

N

N

The four conditions of the atmosphere that give rise to weather — heat, wind, moisture, and air pressure.
) \ : L)

(Activity #15, 16, 17)

The movement of air masses across the earth in low-pressure and high-pressure systems.

n
(Activity #9, 1%, 20, 22, 23) ' ) Col
The formation of fronf.s" between air masses. ' -

@

(Activity” #9, 11, 20, 22, 23)

51,



- .10.

1.

13.

14,

15.

16.

17.
18,

19.

20.

21,

weather and the cllmate of a specific area.

Have a student research the ozone layer and its possible destructron by fluorocarbons (spray
cans). .

View and djscuss the investigations depicted in, the film What makes the Wind BIOLI?

Discuss the relationships between the theoretical and actual circulation patterns as depllaed in
figs. 5-27and 5-3, pp. 118 and 119 of Geology and Earth Sclences Sourcebook. '

Use climatic data, (see fig. 6-8, p. 129 of Investigating the Earth_or use an encyclopaedia or
reference such ds Climate Canada) to prepare Northern Hemisphere maps of atmospheric
pressure in January and July. Such maps can be used to investigate wind and weather patterns
as described! in Geology and Earth ‘Bciences Sourcebook, pp. 121- 122 .
}

Have studﬂnte undertake a weather watch as a project: (a) Investigation 3-2, p. 51 of In-
vestigating the Earth, (also.see Ap end‘lx B, p. 501 of the same bonk). (b) Weather watch pp.
15-19 of Wmds and Weather . :

Investigate the cooling of air on expanston and cloud formatton as described on p. 123 ofs
Geology and Earth Sciences Sourcebook. .

Have students relate density currents in water to movement of air masses and weather systems
see Activities #3, 4, and 7 of Unit 1; p. 129 of Geology and'Earth Scieénces Sourcebook and In-
vestlgatcons 3-5, 4-7 and 4-8 of Investigating the Earth, pNS and 93-96. .

Students can collect, photograph or sketch and classify various cloud types and formations as

. descrtbed in section 5-8 and 5-9 of- llnves rgatmg the Earth pp. 108- 111

Assign excursion 2- 2 ‘Billboards of ithe Sky" as a project p. 107 of Winds and Weather ’
\

Compare and discuss forms, sizes and mddes of formation for ﬁﬂe various types of precipitation
as in Investigating the Earth, pp. 116-118.

Use some of the many investigations available to demonstrate and‘investigate the dew-point
and relative humidity: e.g.. (a} Making Visible the Invisible, pp. 37-49, of Winds and Weather. (b)
Air Pressure and Vapour Pressure, section 5-6 of, Investigating the-Earth pp. 105-107.

Condensatlon and evaporation may be investigated in many ways but should always be related

" to the suns energy as the driving force: e.g., (a) Section 5-7 of Investigating the Earth, p. 107.

(b) Section IV (Moisture in the Atmosphere), pp. 110-111 of The Earth and\Qs Place in the
Universe. LT X .

Have students attempt'to 'demonstrate as many causes for the mth,rnertt of ai\r masses as -
possible. A good starting point is the first chapter of Winds and Weather, (pp. 1 14)

Use data from a source such as Climate Canada to describe the dlfferences between the

L)

Have students |nvest|gate factors which give rise to climate, using a hypothetical continent

.(see problem break 6-2. pp. 78-79 of Winds and Weather, or mvestng/atlon 7-10, pp 158-159 of"

Investigating the Earth.

Use a film such as Storms the Restless Atmosphere to introduce the top|c of weather systems
and their movements. | _

Have groups of students set up weather stations at various locations on*the school gr'&uhds or
throughout the con“munlty (i.e., at. home) to compare and contrast "mini-climates' ‘arid. their
causes, A \



22. Obtain weather maps from the nearest office of the Atmospheric Environment Service and have
© students make three dimensional modeis based on each map. (Modelling clay, wire mesh,
styrofoam and clear plastic "are all suitable matenals)

23. Adapt Chapter 7 (Moving Weather) of Winds and Weather (pp. 81-96 to local weather con-
_-ditions with the help of maps_gnd materials from the Atmospherlc Enwronment Service

7
o
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INTRODUCTION - -

Earth resources includes the study.of the origin and development of mlneral resources including :

fossil fuels, metals. soil and water. Mineral resources.have become essential ingredients for life —
building blocks of society. But are they sufficient for a heaithy. future, and-are’ they sufficiently ac-
cessible to allow easy exploitation? Mineral-resources such as coal, oil, cepper, iron and fertilizers
are not renewed eagh season although resources ‘derived from llvrngj?latter such as food, clothing

and availability of these vital resources but also with the problems ssoclated with their develop-

. . . o

Use should be made of the ‘knowledge and skllls galned from ciher sections of. this course.
Discussions and otHer activities should be designed to suit the locality, the, students and the
teacher. It is hoped that these discussions will lead to a prudent, cor&;ervatlve and eeonomlcal at-
titude towards the use of our resources. Printed materials are readily available fromr government
sources and private-industry and most of this material is free and avai able in classroom quantities.
Texts selected for Earth Scrence 11 do not treat this subject adequately so that it is-essential that
outside sources be consulted. The following framework is intended to provnde a general basis upon
which the learning outcomes for the section can be developed o ‘ b

Non renewable Resources: The m|nerals of the earth take hundreds of millions of years to form and
some were formed by geological processes that. may not be.repeated. For either reason they are
non-renewable. Beyond these facts most of these minerals are present in the crust in limited

reached where it is not economical to move the ore for the amount of mineral available. How large
are our mineral resources and can exploratlon add to these resources? What processes are used to
answer these questtons” What thought is given to conservation?

The processes needed to change minerals lnto usefu! metals or alloys and the amount of energy
necessary to make the -processes work are also toplcs that .need to be conSldered

.~ and wood may be. Students should be concerned not only with the understanding of the distribution -

<

" amounts. Extreme concentrations of minerals occur in relatively small deposits.. Most desirable -
minerals occur in very diffused quantities throughout the rest of the crust. In any deposit a point is.

Renewable Resources: Brltlsh Columbia has an abundant supply. of fresh water and a large poten- '

tial of hydroelectric power. There are many valuable renewable.resources that are being developed
in British Columbia by British Columbia Hydro and some large privately owned corporations. At the
same time the effect that the development of these résources have on the environment is often ad-
verse. While the mauntenance of hydroelectric power resources-and fresh water supplies must be ac-
complished in the most efficient manner, conslderatlon of the envrronment must be .taken into ac-
count.
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Aruitoxt provided by Eic:

LEARNING OUTCOMES

"~

'

D Eapih

) section| : RN
- Resolpess
Non-renewable“Resdurces" _ [
| S : R

b

The student should be abie to:

1. Discuss the erigin of depoesits of coal, pvtrulvutn/ and minergls of cconomic value.

.o

(Activity #1.2, 4.5, 6. 9, 10, 11,12, 13, 14, 15. 16)

2. Study yeobogical and geophysical methods of exploration for coal, petrofeum and cconortic minerals.

(Activity #7, 8, 11, 12, 13, 15, 17)

-

3. Explain the methods of extraction employed iy in the development of coal, petrolewm andoré niinerals.

'

(Activity #4.5, 7. 8,12, 13, 16, 24), ‘

4. Describe the methods of concentrating and vefining ore finerals anid fossil fuels.
. ,:\

: i
7 : *

{Activity #7. 13, 14, 16, 24)

5. Discuss the wses of ory miterals amd tossii fnels.

(Activity #7. 13,714, 16)

6. Define enerqy.

(Activity #18, 19, 20, 21. 22, 23)

7. Desorshe the forms ond sources o cnergy.

(Activity #18, 19, 20, 21, 22, 23)
8. Lxpline oo vm');s;:x/ Is Imu,;/'umu'tl amd uwsed by wan.

(Activit© 18, 197 20, 21, 22, 23)
. 59. -
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9. Explain methods Hui't_ r_nighvt be cmp(nyed. to _C(')nser\vv energy..
- (Activity #23). _.‘ . _ .
10.  Discuss the methods used to transmit energy fri)rll_t”lf }’1{??‘(’ to.another. v \ '
iA_ctivity #13 | p

Renewable Resources

LEARninvi.. OUTCOMES
The student should be able to:

1. Dmuss the varions eesources that are Llawfwd as being wnewnhle 7

)

P

N

(Activity #20, 21, 22, 23)

.

12, Describe problems wiich may be encownfered by man in s atlcm;r! to n’mw smh n'sumus as food,
Cclothing and zeood, all oblaified from living matter.

\

(Activity #20)

v

-

@ym@tau and- Economic Problems

. \:\; _ -
LEARNING OUTCOMES ' ' . . ?\

The student should be akle to:

_,.13 Discuss the problems nlmu )du'tlupnunt of one of the natgal resources Izstu? above, smh as wal uzl

: nnd qas or ary metallic or nNi-metallic minerai of ummmu oalue . L E

(Activity#2, 3, 7. 13)

References A - -

1. American Geological Instltute 1973. Investigating the Earth (rewsed edmon) Houghton Mifflin
Company. Chapter 17 — Life: Present, Past, and Future, pp. 389 -391), Chapt,e,r,s — Waters of
the Land. (pp. 180-183). te

2. Jackson, J H. dnd Evans E.D, 1973 Spaceship Eafth/Earth Science, HoughtO‘n Mifflin Company
‘ Chapter 19 — Man in His Envuronment (pp 543-572).

"’gf’
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Ordway RJ., 1973, Earth 5uuru Van Nostrand Reinhold Co. Chapter 4 — Weafnerlng Mass-
Wasting. and Stream Erosion (Floods and Flood Control) Chapter- 5 — Subsurface Water
(Water. Conservation). . S / T '

tntermedlate SC|ence Curriculum Study. 1972, Cruch/ Pruhh’ms/[’rnbrm; the Natural Wmld Silver

Burdett. Chapter 3 -— The Midlands, A Pathway to the Sea (The Force of Waves, pp. 154 155)

Additional References
1.

Rau. J.L.. 1977, Sources” of Free Materials for Canadian Earth Science Teachers and Students, GAC
Publications, 111 Peter Street, Toronto Ontario — $4. h ‘ v ¢

M|n|ng Ass c1atlon of Canada,- 1975 What Mmmq Means to Canada. Free. The Mining
Assoc1at|on 6f Canada, 20 Toronto Street.. Toronto Ontarlo M5C 2C2. : R
Department of Energy, Mines, and Resources 1975, Mrm’mls for the Use of Man. 48 p Excellent
introduction to the |mportance of minerals in Canada. Free. Department of Energy, Mlnes and
Resources. Ottawa, Ontarlo K1A OE4.

Department of Energy, Mines, and Resources 1974. 100 Ways Iu Save Enerqy and Mumj it the
Home, 160 p. Free. An.excellent pocket book on tips that can stretch Canada's energy resources
and put money in your pocket. Department of Energy, Mines and Resources. Ottawa, Ontario
K1A 0E4 _ i / .
Department of Energy Mines and Resources, 1974 lnlmdmlmn to Enerqy in Cmmdn Discusses
original’ energy ‘sources, the changing pattern of energy sources in Canada water. coal,

. current uses, outlook, petroleum and natural gas uranium, electric power de'velopment pros

and cons of hydroelectricity, thermal power. and consumption of electricity by | sector Available
in classroom quantities. Free. Department of Energy, Mines and Resources, Ottawa Ontério
K1A 0E4.

) ] o t

Department of Energy Mlnes and Resources, 1974, Exploring for Mrmmh An illustrated gunde

‘to the stages of mineral exploration including the structure of the earth, geological changes.
_drilling. exploring the ocean depths. etc. Available in classroom quantities. Department of

Energy. Mines and_Resources. Ottawa., Ontario K1A 0E4. Free

- Shell Canada L|m|ted The folIownng booklets are ava)lable iree of charge Story of l’umhum

Wonderful World of Oil, How to Save on Energy, Conse rvmg the Environment and Let'sCollect Shells aud

" Rocks. Shell Canada Limited. Public. Relatlons Department Box 400, Terminal A, Toronto, On-- .

tario M5W 1E1

Activities ‘and' Investigations

1.

Ore deposits in Western Canada are located in the Canadian Cordillera. The Western Cor-

dillera was Canada's Leading source of metal until the Canadian Shield took the lead early in

the present century The Cordillera is still a large producer and has great potential. Large:
deposits of lead. zinc. and silver are mined in southeastern British Columbia. Massive and por-

" phyry- copper types of copper deposits are or have been mined in several areas. A large molyb-

denum deposit recently began to produce in central British Columbia. Many placer and lode
deposits were mined for gold. and some are still- .operated. The coastal region contains many
metasomatlc magnetite deposits. some of which yield copper as well as iron. Asbestos deposits

are mined in Northern British Columbia and in the Yukon. Deposits of other.industrial minerals

are worked in various parts of British Columbia. (Geology and ‘Canada, 1970..Department of -
) B - . :

L B

'61. {t <
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“The Sullivan mine at Kimberley in Southern British Columbra is the |
" zinc in Canada. The ‘huge Sullivan deposit is a replacement body alond a zonein beds of early
Precambrian argillite. The whole zone is up {o 92" m' thick. It occurs on a limb ojﬂ/)oroad an- .

-

-‘Energy Mines and Resources, Ottawa, Ontario, K1A 0E4. Free). Study the. geology of the

Western Cordlllera and try to explarn the dlstrrbutlon of an important metal deposrt

e
Copper is one of Canada’s principal mineral products Copper is used in‘great quantltles by in-
dustry. and in recent years the price of copper has dropped considerably. If this trend continues
the. future of several of -British Columbia’s copper mines is in jeopardy: The economlc future of
British Columbia is heavily dependent upon the development of its mineral resources. Consider

" the effect of a continuing drop in the price of copper and explain how the “cut-off”|point for a

copper mine could influence the people and economy of certain reglons of Brl'lsthqumbla

Iron and steel pIants are usually located near the markets for iron and steel. products The prin®
cipal plants in Canada are at Sydney. Nova Scotia, and Hamilton and Sault Ste. Marie. Ontario.
Ores that contain 50 per cent or more or iron are usually shipped direct or after washlng ores

of iower iron content are usually treated at the mine by some method such as gravity con-

centration. magnetic separation. or sintering. to bring them up to shipping grade. Because iron, -

ore has a relatively low unit value, compared to other ores. only large deposits of high iron con-
tent can be worked. profrtably Discuss the location of ifon ore deposits in British Columbia and

determine where the ore is shipped and whether or nof these deposits are likely to remain.

- AN

profltable : : . ,
grgest soyrce of lead -and

ticline. the ore zone dipping about 30 degress northeast. The ore is ‘banded angd’contorted.
Galena. sphalerite. pyrrhotlte and pyrite are the principal sulphide minerals. Because of the im-
portance of the deposit.'its geology and origin have been studied intensively. Write to Cominco
for more information about the Sullivan mine and display a collection of ore minerals obtained
from the ‘ore body. Cominco’ md 200 Granville Square. Vancouver. British Columbia veC 2R2.

A

Canada produces over 70 per cent of the world s nickel Canada's nickel comes chiefly from .

numerous. mines of the INTERNATIONAL NICKEL COMPANY OF CANADA LIMITED and

" FALCONBRIDGE NICKEL MINES LIMITED in.the Sudbury d|str|ct'of Ontario. Jln 1883 a .

blaoksmith named Flanagan. working on the construction of the Canadian Pacifit Railway near
the village of Sudbury. found copper sulphides along the right-of-way. H did not record a claim
and others staked the ground a few months later. The typical orebodreMury district
are large irregularly shaped masses containing massive and disseminated sulpitede minerals.

mainly pyrrhotite and chalcopyrite. Th\ﬂ\;nckel is contained in the mireral pentlandite and the’
\Iatlnum The orebodies occur at and near a body of:

" basic intrusive rock called a mlcropegma\te Detailed studies ‘have shown that)’re orebodies
are generally localized where fault and brecgcia zones cross the intrusive rocks. {t appears that

platinum in ‘sperrylite’. an arsenide of

the ore may be Aydrothermal in origin but the exact sequence of events and the geologicai
processes responsrble for the emplacement of*the ore minerals is still.hotly debated. Discuss
the hydrothermal theory of .orge deposition ‘and include one or two other newer ideas on’ the
origin of the Sudbury deposit. International Nickel Company’ of Canada Ltd.. P.O. Box 44.
Toronto- Domlnton C°ntre Toronto. Ontarlo M5SK 1ES3.

Canada is one of the worId s largest producers of Granium. the ‘fuel’ from WhICh atomlc energy'

is derived. In the mid-fifties the Eldorado mine at Great Bear Lake became the principal source
on this continent. and as a ‘'security measure the Canadian Government bought the Eldorado
company. prohibited -private staking and.mining for uranium and prospected-successfuiiy for
other deposits such as the one in the Beaverlodge region of Saskatchewan. Many minerals
contain uranium. but most of them are comparatively rare and difficult to identify by field

methods. The urfgnium-bearing minerals fall into three main classes: (1).pr|mary minerals found
W veins a tler hydrothermal deposits: (2) primary minerals found usually in peggatites and
related tyges of deposits. and {3) secondary minerals formed by near-surface afteration of
primary

Street W., Toronto. Ontarlo

62.
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nerals. The most important mineral is uraninite and its vareety pitchblende. Write to -
Uranlum/Canada Limited, Ottawa for additional information. Free samples of uranium bearing’
ore may be obtained by writing Rio Tinto Canadlan Exploratlon Ltd . Suite 2400, 120 Adelaide -
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.The full apprarsal of mineral deposnts and ‘minjng properties.is & {echnical matter that may in- .

volve the expenditure of much time and money. Discuss as completely as possible the various
factors that must be taken into account in appraising a discovery. Write to Placer Development
Limited. 700 Burrard Building, 1030 West Georgia Street, Vancouver, British Columbla for therr
excellent booklet entitled The Mine Development Process. v

Few deposits consist of a single mrrLeraI. They-usually contain one or more minerals that may
be of value, in a worthless matrix of rock ‘or of concentrations of valueless minerals. The
valyable or possrbly valuable minerals may be dlspersed so finely that they can be seen only
under a microscope, of they may be in grains visible to the unaided eye, or they may be inpure

[masses several centimetres or even a metre in size. These are sometimes called ore minerals

even if they do not occur-in commercial quantities in the particular deposit belng discussed.

" The worthless non-metalliferous rock or minerals accompanying the ore. minerals is called

gangue and the minerals comprising it are called gangue minerals. The most common gangue
minerals are quartz and calcite. List at least ten ore minerals and be able to ldentlfy them in

'erther a slide or hand specimens.

The prnncrpal kinds of deposits d|rectly related to lgneous lntru510ns are magmatic segregatlon

deposits, contact metasomatic deposrts pegmatites and some veins, and replacement deposits.
Describe one of these types of ore deposits and show by a diagram how a mineral deposit may
be related to igneous intrusion. Prospecting in Canada, Department of Energy, Mines and
Resources, Ottawa, Ontario or Geologlcal Survey of Canada $2.50 (3rd edltlon) $10.00 (4th

‘ edltron)

[

Sediments precipitated from sea- water ‘or formed from the erosion of rocks exposed at the
earth’'s suriace.lead to the formation of ‘unconsolidated sediments that in turn become hard
sedlmentary rocks. Such sediments and sedimentary rocks may in their entiréty be useful com-
mercially. particularly as deposits- ofiindustrial mlnerals. ot they may contain concentratlons of
heavy minerals and thus form “detrital’ deposits. Detr|tal mineral deposits are of two main kinds:

(1) those that dre still unconsolidated and are called 'placer deposits’ or ‘placers’; and (2) con-

solidated detrital deposits, which are placers that have been changed into metal-bearing
conglomerate. sandstone. or other sedimentary rock, and which. therefore. form one of -the
classes of consolidated sedimentary deposits. Discuss one of the following types of placer
deposits; gold. platinum, cassiterite, ilmentite, diamonds, and rubies. Precambrian sedimentary
beds composed of iron minerais and silica are very.important in Labrador. Write to Noranda
Mines Limited. P.O..Box 45. Commerce Court Postal Station, Toronto, Ontario M5L 186 for a
free bag of ore samples and an |nterestlng booklet entitled Noranda. Is

Almost all metalllferous mlnerals lyrng at.or near the surface are aitered by the effects of sur-
face water that attacks them and causes the formation of mew ones. generaily oxides or
hydroxides (compounds composed of a metal plus hydrogen and oxygen). These new minerals
are called supergene or secondary minerals, "and deposits comptsed .of them are called .

:supergene or secondary deposits. Some minerals containing met_dls..‘such as copper. ml)j and .
‘uranium are readily attacked by surface waters. others are less sus eptrble and a few like gold:

and p:atinum are so resistant that they do not form compounds in this way. Deposits containing
secondary iron minerals have a characteristic_‘rusty appearance’ and are called. gossans.
Alteration mvay also.cause removal of valuable metals from the upper part of a-deposit, so that
sampling of this part yields misleadingly low assays or fails to detect a particular metal at all.

‘The metal so removed may be dispersed, or it may be concentrated in a lower par; of the. '
' deposit to form what are called 'zones of secondary €nrichment’ or bonanzas. In most Canadian

- deposits the secondary effects have only @ minor influence on thewalue of the deposit but they -

.12,

often lead the way to the primary deposit. Study examples of secondary minerals.and be abie to '

identify at.least the following: limonite, hematite, malachite, azurite, and gypsum

The principal fuels are wood coal, petroleum and natural gas:. All but wood are classed as

" mineral fuels because they are produced from rock formations. There is a great demand for

these materials in the present energy short world. Discuss the origin of coal and be able to dif-
ferentiate the following types of coal; lighite, bituminous, anthracite. Write for the following free
booklet entrtled Coal in Canada. Department of Energy Mines and . Resources. Ottawa.

P
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Petroleum is more familiarly known as ‘crude oil' or simply ‘oil'. It'is custqmary,to distinguish
‘natiral gas' from the other gases, but for the purposes of this discussion,it can berassumed
that the word ‘gas’ refers to naturally occurring combustible gas. Canada is{fortunate in having
large supplies of crude oil in the subsurface of-the Prairie Provinces, Fodthills Belt of Alberta
and in the Mackenzie Valley region. Petroleum and natural gas are allied sybstances of organic
origin accumulated under special conditions in porous beds in the earth’s crust. The organic
materials.were deposited in past geological ages in bodies of water, together with the sand,

silt, and mud of normal sediments such as are brought down the rivers of today to be deposited -

4

in the sea. : o

Organic materials long exposed to air or water decompose, but salt water retards the d’ecom-
position-and, if sedimentation-is sufficiently rapid, organic. matter is trapped in the sediments.
Some limestones may also have a high content of organic substances, especially those formed
in fairly warm seas. The organic substances trapped in shales and limestones are slowly sub-
jected to heat and pressure and changed into gas and small globules of oil, which are at first
widely scattered and must migrate into suitable concentrations and be trapped to form com-
mercial deposits. Nearly all rocks contain some open spaces between the grains. When oil-and
gas get into rocks that are sufficiently porous, or are fractured or faulted. they migrate slowly
upward, until the suiface is feached or until relatively impervious rock prevents further
movement. There are many kinds of structural and other traps. The simplest traps are anticlines
and domes. Other types of.traps are provided by faulting of a porous sttaium in impervious
beds, by the pinch-out of a porous bed within a shale or other irfipermeable unit or by large
coral reefs such as are found in the Foothills Belt of Alberta. Diagram one of thesg oil struc-
tures,and be prepared to explain the process by which oil can migrate and be trapped in such a
structure. The following booklets are available free of-charge from the Department of Energy.
Mines and Resources. Ottawa. Ontario K1A OE4. : : :
1 . . ,

Finding Out About Fuels "
100 Ways to Save Energy and Money in the Home : [
Introduction to Energy in Canada ;
Energy and Out Way of Life
Resources Under.the S:a

Coal in Canada

The foIIow.ing hooklets are available from Shell Canada Limited. Public Relations Department..
Box 400 Terminal A. Toronto. Ontario M5W 1E1. g

Story 6f Petroleum

Wonderful World of Oil

How to Save on Energy
Conservihg the Environment
Let's Collect Shells and. Rocks

Canada is one of the world’'s leading producers of asbestos. Asbestos, of the variety called
chrysotile. 1s the principai industrial mineral mined in Canada. Chrysotile asbestos is.a. fibroys
variety of serpentine formed by alteration of ultrabasi¢ rocks. The Cassiar asbestos mine zbn
McDame Mountain in the northern part of British Columbia began production in 1953. The
deposit contains chrysotile in a basit'rock. probably Jurassic in age. which is so altered to ser-
pentine that its original nature is doubtful. After a large body of chrysotile-bearing rock was

‘outlined by the company optioning the claims from the prospector, and tests had shown that the
mineral was 'of such high quality that the deposit would pay to work despite the distance from

markets. a branch road was built to join a road leading to the Alaska Highway. Write to the
Cassiar Asbestos Corporation Limited, Suite 2000. Guinness Tower. 1055 West Hastings Street.
Vancouver. British Columbia V6E 3V3 for their booklets entitled:

.- oy :

. .
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Casmar g T .
The Guoology of the Cassmr Asbestos Depos:t

‘Sample of the ogre mrnerals of the Cass|ar depos1t can be obtained by wrutmg the Cassiar

Asbestos Corporatlon lelted Cass|ar British Coluxinbla VOC 1EO.

N . _—

Gold is one of Canada s chief m|nera| products the annual productlon in recent years belng

_million grams of goId about 80 per cent of Canada’s total. Most has come from quartz veins’in
volcanic rocks intruded by granites ‘and porphyritic rocks. Some has been by-product from-
base-metal deposits in volcanic rocks. In spite of the- present price of gold, Canadian gold )

mining 7s in a sad state of decline because of no large.new ore discoveries, labouf shortages,

“rapidly dlmlnrshlng reserves, and steadily increasing costs. Although -one or two small mines

" have been-brought into production in the past several years, and one ortwo others are planned, -

-,

they by no means make up for the gre@gnumber of formerly big producers which'have closed.

down or are closing down. Itis llkely that Canada’'s annual production will soon be less than 42

million grams. Assuming a $5 per gram price, Canada’s total lode reserves probably do not ex- -

ceed 283 miliion grams valued at about 1.4 billion doIlars . i
[ ( - I

Most-of. the lode gold depos|ts in the Cord|||era of Western Canada have been worked olit and

- were discovered as a result of the impétus given by the burldlng of the Canadian Pacific

Railway. Most important were: the. replacement veins’ conta|n|ng gold and copper in the
Rossland camp, where product|on began in 1894 and a large output was obtained from 1897 to

1916. Another. important producer, the Nickel Plate mine at Hedley, began:-production in 1903

and is now shut down. For a timesit was the Iargesr gold mine in Canada The Nickel Plate ores .

are gold-bearing conta(ct metasomatlc deposits in limestone, contalnlng much arsenopyrite.
These mines, together with 'several smaller ones, made British Columbia the leading province

~in the\ production of lode gold during the ‘early years of the -present century

. A somewhat later maJor producer was the Premier mine at Stewart -In the }930 s the pricecof
gold increased and the value of product|on soared, new\dqscoverles were rnade and old mines -

were revived. The prihcipal gold camps, in order of output of gold, have been Brldge River,

HRossland, Portland Canal, Hedley, ! Wells and Sheep'Créek.’In 1971 the. Bralorne minein Bridge

River closed; it was the last major gold ming“in the Province to operate. To date the gold mines
have pa.d a total of about $82 million in dividends. Some useful references on goId |ncIude the
foIIow1ng ‘ S , - ‘ ; \

Cooke, H.C., 1946, Lode Gold- Areas, Summary. Account Geol Survey Canada\\Econ Geol.

Ser. No. 15 - i |

Robinson, A H A, 1935 Gold in Canada. Mrnes Branch Dept Mines and Tech. Surveys No
-769.
5,

Structural Geolog

“and, mines, |nc|ud|n the pr|nc|pa| gold ‘mines.), . AN

. ’Gold in Canada, Dept of Energy, Mines and Resources Annual Revrew

\

Copper is Brntlsh Columbla s most important base metal and proV|des the heart of the.
Province's mining industry. Copper concentrates are shipped to Japanese andemerlcan
smelfers because no copper smelter has operated in British Columbia since 1935. One is now
under construction near Kamloops SmaII amounts of gold and silver are commonly present and

" " add value to the ore, but some ‘ores contain lmportant afnounts of gold (as at Rossjand); silver

(Silver King mine), lead and zing (Tulsequah) or zinc gBrltannra mine). Most of the smelting in
British.Columbia in early years,was done on ‘ore shipped direct from the mines without con-
centration, but the. modern pract|ce is to concen*/ate the ore first. - R

. / B

ny Canadlan Ore Deposrts Canadlan Inst|tute of Mining and Metallurgy,,‘.
Montreal, 1948. (A Symposium containing descriptions of many Canadian m|n|ng camps.-

T ) -
Ore was smelted in British Columb|a first in 1896 Nelson (from S|Iver Klng Ine) and at Trail .

(frorn Rossland.mlnes) and four and five years/l ater at Grand: Forks (from Phoenlx ml?\e) and
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Greenwood (from Mother Lode mine). Later, small smelters were built in the Boundary district
and on Vancouver and Texada Islands. and in 1914 the Anyox smeiter was blown in. Copper
smelting ceased in the Boundary district in 1919, at Trailin 1929 and at Anyox in 1935. British
Columbia copper concentrates were then smelted mainly in Tacoma, and since 1961 have gone
chiefly to Japan. .

Most of the production has <ome from southern British Columbia — from Britannia, Copper., -
Mountain. Greenwood. Highland Valley. Merritt, Nelson. Rossland, Texada is'and. and Van-
couver Island, althouah a sizeable amount came from Anyox and some from Tulsequah. During
recent years exploraiion for copper has been intense (until 1972) interest being ecpacially
directed toward finding very large. low-grade deposits suitable for open-pit mining. This activity
has resulted in the sstablishment of operating mines at Merritt-{Craigmont) in 1961. in Highland
Valley (Bethlehem) in 1962, on Babine Lake (Granisle) in 1966. near Peachiand (Brenda) in-
1970. and Stewart (Granduc) in 1971. Large mines near Port Hardy (Island Copper). Babine
Lake (Bell). McLeese Lake (Gitbraltarj. Highland Valley (Lornex) and Princeton (ingerbelle)
came into production in the early 1970's. Lo

After a lapse of many yeais. copper has been produced comparatively recently on Vancouver
Island at Jordan River. Courtenay. Benson Lake. Quatsino. and also at Buttle Lake together
with zinc and silver. Copper is now the most valuable single commaodity of the industry. Produc-

" tion in 1970 was 455 million kg. Write to the following mining companies for additional in-

formation and describe the occurrence and mining methods used at one of these copper mines.

Bethlehem Cbpper Corp.
1055 West Hastings., Vancouver.

Craigmont Mines Ltd.
1030 West Georgia. Vancouver.

Granisle Copper Ltd.
1050 West Pender., Vancouver.

_Brenda Mines Ltd.
P.O. Box 420. Peachland B.C. VOH 1X0

Granduc Operating Company ' y —
890 West Pender Street. Vancouver.

Lornex Mining Corp. Ltd.
Suite 202, Imperial Bank Bldg.
580 Granville. Vancouver.

Ultraviolet rays. also known as “black_light”. have found a very definite place in the mineral
sciences during the past 30 years. Ultraviolet rays cause certain minerals * glow or release

“their own light — a phenomenon called fluorescence. The emission of "coiu light” has proven

of decided value in the detection and identification of many minerals and ores. Its greatest
usefulness is in the identificativ: \jof scheelite. zircon, willemite. mercury and petroleum. Hide a
sample of scheehte or willem.:e in an open field or beach and then have an exploration “team”
systematically search for the minerals_at night using a "black fight™.

A healthy. hard-wcrking person can only produce enough energy 4o keep a 100-watt light buib
burning. Our ancestors found it necessary to develop supplementary sources of cnergy. First
animals. then sails. water wheels. wind mills. steam and internal combustion er Gines. and even-
tually motors. Supplemental\'y energy now evceeds muscle power and comes from coal. oil. and
uranium. Revertirg to muscle power alone would bring chaos. Discuss one alternative to the
present sources - f energy and discuss wren this alternative might become an important source
of energy to the worlid. . -

-
\k

Study the costs of the eneérgy used to =<2t and light your school during the period of onzs year.
Do the same for your home. Then compare the cost of fuel per capita in the two situations. List
the types of data that one needs to hnow in order to save fuel and linhting costs.
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Despite the green revolution and great advances in farming methods the population is in-
creasing faster than food production. Even with great efforts to expand production trom all
sources. including the oceans, it is inevitable that the population will cease growing The
earth’s theorectical carrying capacity is about 33 bitlion people according to the U.S. Nationgi
Academy of Sciences. What is the present world population and by what date will it reach 33
billion if present growth rates continue? Is the growth rate ! he same for every country? |p what
country is it lowest? Highest? ] ] ,
- ) ’ ‘ \
The supplementary energy used by man. from all sources is now about.3 x 10*" ]oules per year.
Altnough this number is enormous. it is small by comparlsorq with the solar energy recelved by
the Earth each day: 1.5 < 10%** joules. What recent developmbnts have occurred to focu$ man's
altention on the sun s a source of energy and how can the 'sun’s energy be harnessed"

Nuclear eni2rgy is becoming more important as a source of power in eastern Canada o’ut so far
has met wih intense resistance in British Cclumbia. What factors about nuclear reactors and

their spent fuel pose threats to life and property throughout the world? If you were ‘t"'aced with -

the choice of building a dam on the main stem of the Fraser River or constructing a nuclear
power plan: somewhere in British Columbia whith would you choose anc why? What are the
advantages and disadvantages of these two types of oower generation? /

Read the booklet entitled 1U0 Ways to Save Energy and Money in the Home. Kee{) a record of
any energy saving devices you have employed and compute the value of the sa\/ings after the
end of a given period. The booklet is available free of charge from the Department of Energy.

“Mines and Resources. Ottawa or any local office of the Department such‘aas 100 West Pender

Street. Vancouver (Geological Survey of Canada) : /
Play a simulation‘'mining.game such as GET THE ZINC OUT. a game developed by VEEP at the
University of British Columbia and for sale as a lesscn aid by the B.C. Tee7chers Federation.

/

;
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~ SPECIAL NOTES: /

Non-renewabls Resources
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Formation of Coal: During the Lizs & -vonian. the Mississippian. and the Permian Periods a

" great variety of fern-like plants gre- great swampy areas. The fossil remains of the these

plants are sedimentary rock called cuai. Pressure from overburdens of sediment changed the
plants from peat with 80% moisture to lignite with 40% moisture to bituminous coal with 5%
moisture Further pressure changed the bituminous carbon to anthracite with about 95% car-
bon. The lack of the proper conditions and the millio~ 3 of years involved in the process makes
the renewal of this resource impossible.

Formation of Oil: Ranging from the Ordcvician through the Tertiary Period the remains of
marine plants and animals have contributed ‘to the formation of petroleum and natural gas
which are mixtures of hydrocarbons in the gaseous. liquid and.solid phases. These products
are dispersed in the pores of the rock formations that result from the sediment that has covered
the original remains. Many of these products nave escaped to the surface of the earth but some
of them have become-trapped between an impermeable caprock and the permeable reservoir
rock in which they formed. The petroleum is often found floating on salt water within the rock
formatron It is also in a carbonaceous shale called oil shale which will become economrcally
important in the future. The lack of the proper zanditions and the miliions of years involved in
the process make the renewal of these rescurces impossibie.

Formation of Ore Deposits: Metallic mineral: soretimes exist-in ore deposits thousands of
times more condentrated than they would te in:& gerage igneous rocks of the earth’'s crus!
An ore containing platinum that is two per cen. “i ¢ra mass of the rock in which it occurs it &

-

57.



O

ERIC

Aruitoxt provided by Eic:

billion times more concentrated than it would be in an average piece of igneous rock. When
molten rock flows up from the magma and starts to cool metallic minerals may Crystalhze and
settle against the solid country rock. Great bodies of ore-bearing mrnera|s such as the Sudbury
nickel .deposits of Ontario were formed in this way.

Hot aqueous solutions of Iead copper. silver and zinc compounds deposit metallic ores by con-
tact metamorphlsm with the country rocks. These deposits are located atong joints and faults.
Large deposns of lead. copper silver and golid have originated from hydrothermal solutions.

.Ore deposits formed in sedimentary rock in a variety of ways. Halite, gmsum and potash.

" deposits remained when restricted bodies of water that contained these salts evaporated Large ¢

deposits of such minerals exist in Ontario and Saskatchewan. Weathering and [eaching enrich:
low-grade-pre deposits. This has happened in the formation of some of the copper deposits
near Merr?? Heavy minerals such as gold are often concentrated in stream beds. Many com-
mon minerals such as clay sand, gravel. and stone aggregate are more abundant than are
metallic minerals. However. these materlals are used in greater quantltres They are generally
quarried rather than- mlned ) ' *

g

Exploration to discover hidden deposits of minerals is an important branch of most mining and
petroleum ‘companies. Area surveys of ‘Canada done by the Department of Mines have in-
dicated many places where minerals are likely to be concentrated. The text, Earth Science, by
Ordway. discusses some of the methods used. The Catalogue of Shell Films lists several films
about the search for new sources of oil. The: pamphlet Mining. produced by the Mining

Association of Canada discusses the methods used to discover and mine ore deposits.
. . . >

Renewable Resourcaes

Water power and water are two renewable resources that are important'to the 's',tudy of earth science
in British Columbia. There are at least a half dozen river systems that have great hydroelectric

potentta.s and which contain great water storage potentials. The water stored can be used-in this
province for mining and for agriculture or it can be exported. A study of the hydrologic cycle will
give an understanding of how the average water flow in a river.can be calculated and how the water
use can be proportioned for everyone's use as the water flows down the water system.

The environment is affected by hydroe'lectric dams and by the controlled flow of water down a water
system. A study of possible effects on'the environment before the dams are built will help to reduce

“some of the adverse effects on the environment. Some of these are obviously the loss-of land used
for agriculture and recreations. the interference with fishing resources. the silting. of the storage

lakes behind tie dams. the lack of normat silting below the dams and the change in the normal -
flooding paiterns of a river which will affect the downstream flora and fauna. Studies of these effects
on any area of the river systems can be done as a scientific study. Available reports on water resour-
ces and hydroelectric potentials are listed.

" The corcentration and retining of useful elements and compounds and crude detroleum. and-coal

should be discussed. Films and field trips to departments of mines could provide useful materral for
discussion. . R

=~J
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f»GENERAL SUPPLIES /AND EQUIPMENT LlST

The following list is prowded as an aid in setting up new |aborator|e< It will also funptlon as a con-
venient checklist for schoodls where some of the equipment ligted will already be available. In
deciding on quantities listed,’a maximum ciass of twenty-four (2Ments and an organlzatlon of
two pupils per working station has been used. .

Quantmes are allotted on the following plan::
E

1. Per Station: A station is two students working as'a team. If the laboratory seats 24 students
and the amount required is one per statlon twelve units will be requnred

2. Per Class: Requtred for each class uslng the laboratory, e.q., if two Earth Science 11 classes.
use one labbratory, then requirement, will be two times the unit issue.

/3. Per Laboratory: Requiréd per laboratory classroom.

Items that are marked + are desnable for the most effective presentatlon of the course but may not

be essential. ' . . / e

he]

70

—




EELRID Selene ce m

s x“”@ qu, Y

'GENERAL SUPPLIES AND EQUIPMENT LIST

L)

_ o Item .
Aluminum foil

" Aquarium. approx. 75 |

Bags, plastic or baggies (local supply)
alance, Centigram type,. -
single pan )
triple beam, 311 type

Beakers, pyrex, 50 ml -

- Beakers, pyrex, 100 ml

Beakers, pyrex, 250 m!

Beakers, pyrex, 1 litre

Binoculars, 7 x 50

Blacnght(shon wave) . .
Bottle Qroppmg 50" mi P lyethylene
Bul show case type, clear, 60 watt
Bunsen burner

Camera, 35 mm K

CJarﬁp. burette. universal

C-clamp, 8 cm .

Clay. (local supply) . <
Clock. sweep second hand. 24 hr.
Cloud  chamber. dry ice iype.

students diffusion. radioactive \

source included (Welch type)
Compasses, blackboard™style
Connectors, 50 cm length
Connector tips, slotted
Corks. miscellaneous sizes
Cork boring set, 9 pieces
Cover glasses, microscope shde size #2

Crayons, wax Uocqlsuppw)

: Cupn;}aper unwaxed )
Cylipder. graduated. 100 mi R

-

Cylind®r. graduated 250 ml

71.

749

Amount Required
1 per lab
1 per lab®

+as needed -
8 perlab

3 per station
6 per station
3 per station
2 per lab
6 per.lab
B pérlab
"4 per station

2 perlab ...~

.1 per station

1 per lab
1 per station
' 2 per station
10 per lab
1 per lab

.- \
1 per schoofA
6 per lab
12 periab
24 per lab
‘3 per lab
1 per lab
2 per lab
30 per class-
30 per class
1 per station
1 per station

"Unit of Supply

roll
each

~each

case of 48
pgk. of 127
each
each
~each
each
dozen
each
ea#h
eéch
each
‘each
1/2 kg
each

each

each

. each

dozeH
bag of 100

eachr

box

" each
each



ltem _
Discharge tubes, Hé_|ium, Mercury, Hydrogen,
Neon o . .

’3
i

Elastic bands, miscellaneous sizes (localusupply)

Fan, electric
Film. ektrachrome high speed
Film. kodachrome 2 - N~

Filter paper, 15 cm. diameter -
Food colouring (local supply)

Gas lighter, spark renewaltype“
Glass cutter for glass tubing '
Globe. blackboard, E}O/cm" .
Globe, hydrographic relief. 50 cm
Gogaqgles, sa!ety//’/

Hot plates. el'e'étric.'single control

Induction coil, spark type
Iron filings, fine
¢ .

Knife (pocket style, large) (local supply)

Labels. gummed, 40 x 60 mm, (local supply)
Light meter '
Magnet, bapAhﬁcq15 cm X 1.9 cm x 06 cm
(approx.). set of 2 in a box . .
Magnetic compass, approx. diameter 16’ mm,
Magnetic compass (Silva type)
Magnifiers. 3 lenses in one. hand lens
Metrestick

+ * Microscope. stereoscopic, powers of 20X and 40X

Nails. 6 cm (local supply)
Overhead pnﬁector(ApoHo 6 type) - ‘

Paper. white cardboard. {local supply)
Paper, whne.1rnéNMtHroH
Paper. graph. log-log type
-Papén graph. cm squared
Parawax UocalsupﬁW)_
Pencils, coloured

- Petri dishes, 150 mm x 20 mm tops and bottoms.
clear plastic ) - .

Plaster of Paris
Plasticine (local s..znly) 3 colours

72.

.

o

Amount Required .

1 of each per lab
P
1 per lab
1 per lab
as neéded
as needed

2 per class
as needed

1 per station
1 per lab
1 per lab .
1 per lab

1 per student

4 per lab

4 berlab.
3 per lab

‘as_needed

2 per lab
1 per school

per station .
per station
per station
per station
per station

©

per station

- et LA

1 per lab
1 per lab

as needed
1 per lab
1 per lab
. as needed

1 per lab
1 set per staiion

1 per lab
10 kg per. lab
10 kg per lab

’5

Unit of Supply’
- each
box

each

pkg. of 100

each
each
each{
each
each

each

each
-1/2 pkg

box
each

set
each
each
each
each
. each

/2 kg

each .

P
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- pkg-

pkg.ofﬁ.each'
set.of 10

case of 24



Item . Amount Requ!rud ~ Unit of Supply

Plastic tubes, 5 cm v 100 cm - . ' 1 per statlon ~ each

Plates, streak, small white N
_porcelain (unglazed bathroom tiles) . - 1 per pupil- each
Pneumatic trough, non-magnetic (plastic, large) "~ 1 per lab - each
+. Power pack, 6 volts ' ’ : 4 per lab ‘ ~ each
-Prism, high dispersion ' 2 per lab - each
> Projector, slide, with remote control and ' : T
] *. extension cord , 1" per Science Dept. . each =~
. + Prospector's‘pan, 35 cm diameter ., ' : 6 per iab : 'eéch
Protractor, blackboard style : Y W B per: lab ' © each T
Pump, hand air IR ~° 1 perlab . each
Radioactive material set . : 1 per sch\ggi set - .
Radioactive demonstra(or with :accessories 1 per schoojl each’
"Razor blades, ‘single edge (Iocal supply) _3 per lab " pkg of 10
Ripple tank and accessories (We\ch type): .1 per lab ' each
+ Rock polishing unit : : 1 per school each
+ Rock saw, 25s0r 30 cm diameter; combination R
. trim and slab saw . A 1 per schocl each
+ Rock tumbler .. : : - 1.per schocl . each
Ruler, flexible, metric _ T 1 per lab  each
i Sand, co-ars_e°(local sup‘p-lly) . as needed .
.Sf:lnd, fine (local supply) ’ . : as needed
. Scissors, fine point, student laboratory grade 1 per station " each
Screen. pro;ectlon\ . : ‘ 1 per lab, each
! ~ Scoopulas, duspensmg stalnless steel ' . .+ 1 per lab dozen
+ Screen sieves (sgt 0f-6) . .2 sets per lab - set” .
. Sea water salt,(local supply) o ' as needed a
/ + Sechii disc - ' .. 1 per lab each
Seismograph

per -Iab each
“per lab . .each -

(Tripod-base ringstand . LS

pd

1
Ringstand.rod, 50 tm . 1
~ Machine screws to go through rod 2 per lab - ' each
R Copper’wire #22 or #24, 60 cm - : 1 per lab. each
- ) " Dowel, 50 cm long 1.25 cm diameter ’ 1 rer lab . each
Brad to insert in end of dowel ' 1
1

Strip of sheet lead, (450 g) 5 cm wide

per’lab each
.per lab * * . each

‘Sheet plastic, transparent (local supply) / .as neec]ed
, . Silly Putty (local supply) . 100 g per lab )
. ~ Slides, microscope, standard ¥ "1.periab - " box of 72
~~‘Soili-teét.ing.kits (local ,supply) . 4 -per class ‘
o~ Spectroscopes. hand. type ' ' 1 _per pupil - " . each
\Sp\oons,. plastic (local supply) o ) "+ '3 per lab dozen
Spring, “slinky”, 7.5 cm dio ter 1 per lab each

=




ltem o Amount Required  Unit of Supply

Stirring rods, glass, 15 cm ' " 6 per lab pkg of 10

' Stoppers, hard -rubber. 1-holed, (assorted) : 1.5 kg per lab :' kg
‘Stream table (Demonstration type) o 1 per school each
~«ream table (Student Models) . : 1 per 4 students each
‘String, heavy (local supply) - 1 per lab ) roll
String, nylon (local supply) ' _ ' -. ) 1 per lab . roll
String, light (local supply) _ . 1 per lab o}
Styrofoam cups - - o . ' 1 per lab gross
Suction cup, 125 ¢m - - R 12 per lab . each

+ StereosCopic viewers . ’ . 1 per station ' each -

Tape cellulose, transparent {Scotch)
+1.25 cm width / : - - -as needed

Tape, masking 1.25 cm width _ 3 perlab .« roft
‘ape, ticker 3 o E .1 perilab . . 'paokage
Test tub,e 18 .x 150 mm, pyrex . 2 per lab pkd of 72 -
Test tube«brush medlum o . 3 per lab each :
" Test tube supports‘ ' . ' ) 1 per station ' each
Thermometers, Celslus scale —20 to 110° C : _ ' ‘
student grade : : 1 per station . each
. Thumbtacks (Iocal supply) ' _ 3 per lab box
Tin shears, straight 25 cm I A 1 per lab , each
_Tissue tof.cleaning microscope lenses ) 1 dozen per Ieb' E booklet
Tongs, beaker , S 1 per lab . each
Tools, - . _ o :
— file, trlangular 15 ¢cm -~ periab each
— hammer, claw "~ 1 per lab g each
— hémmer. geologist’s - - 1 per station each
. — hammer, sledge - 6 per iab " each .
— plier's, long nose cutting edge ) 1 per lab each
— pliers, combination ' » ' 1 per lat . each
— screwdrivers (combination) : 1 per lab ' _ -.set
— scréwdriver, jewellers : 1 per lab “each
— spade, folding type _ - N\ ‘ 6 pér lab - . each
Tubing. soft glass, 4 mm and 6 m 1 of each per lab 4507g
+ “Vacuum pump, motor driven with plate / " 1 per school " each
+ Vacuum .wax _ \ . . 1 per school E tube.
+ Varigc ' - \\__ : 1 per iab ‘ each"
+ Video Tape Recorder (Cassefte and colo}ur . ' - F
see PEMC) ‘ \ - 1 per Science Dept. -each.
1 ~ .
' Wiré gauze, asbestos enmeshed centre, e o ¢ v
125 cm x 12,5 cm .+ T'perstation - . each
® 74.




CHEMICALS

Item
Alum _
Ammonium dichromate
Ammonium oxalate
Copper 1l sulbhate (Tech)
Hydrochloric Acid
Nickél Il sulphate hexahydrate
Salol. '

. Sodium chloride

GEOLOGICAL SPECIMENS

' ' ' item
Prospector's set of Mineral Chips
Prospector's set of Rock Chips

Raw materials of Canada:
Mineral Industry, 120 specimens

\

\‘_.

Amount Required
2 kg per lab
1/2 kg per lab
1/2 kg per lab .
2 kg per lab
4 kg per lab.

"2 kg periab
1/2 kg per lab

3.kg per lab

Amount Required.

1 set per station

1 set per station -

-1 per class

1

Uhlt of Supplyv .

kg
kg
kg
kg -
kg

- kg
kg
kg

‘Unit of Supply
set
set

set

(The above are available from the Geological Survey of Canada)

Azurite

Bornite

Copper (native)
Corundum
Halite

Obsidian
_Olivine

Pumice .

75.

1 per station
1 per station
1 per station
1 per station
1* per station
1 per station
_ 1 per station
1 pef station

~

I

"each
each
_ each
eadh
each
. each
each
each.

&

#



AUDIO-VISUAL MATERIALS

MAPS AND WALL CHARTS"

tem . ‘Amount Required - Unit of Supply
Maps: _ o .
Geologic Map (local area) . 1 per station each
‘ ,“Surficial Gerlogy Map (local area) o 1 per station each

Geologic Map of Retreat of g -
Wisconsin and Recent Ice in . :
North America i per station = .. -each

(The above 'é:re available from the Geologicai Survey of Canada.)

.~ Wall Charts: S o : -
" Chart showing physical features of : -

. ocean basins (Available from: . I £

" Geological Society of America, ' At .

419 West 117th Street, o - : . ~
New York) . . .. 1 per class each -

Charts showing physical features of
" ocean basins (Available from:
Time, Incorporateg}; Time-Life
) .

Building, New Yo -1 perclass : each.

Deposits Near Medicine Hat, Alberta
(Available from: Publications Distribution
Office. Geological Survey of Canada, . :
601 Booth Street, Ottawa) : 1 per class - seach
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Type ) Title ' 'source  Date Time  Section
T At .the Speed of Light _ *PEMC 1976 30 min.”  A-1
* - Cosmic Zoom : , - . NFB IR 8 min...  A-1
*  Doppler Effect (b&w), . MGH 1952 11 min.  A-1
T. ‘The Invisible Messengers ' _ . PEMC 1976 30 min.l A-1 4
@ T The Lifé Story of a Star | 'PEMC 1976 30 min.  A-f
T . Horizon: The Black Holes of Gravity BBC - 1975 54 min.. _A-1-
Van Allen Radiation Belt : EBE 13 min.  A-1
‘ ‘. ‘ ¢ 4 . ’
T Horizon: The Planets . ' BBC 1975 54 min. ~ A-2
@ T x Mars: The Search Begins - o NASA 1973 25 min. A-2
T % Satellites of the Sun, NFB 1575 12 min. A2
T % . Space Science: The Plariets 7 “COR - 1969 13 min. A2
@ T * Jupiter Odyssey : _ o NASA 1974 28'min. A2
* Earth: Its Movements  ~ - . © COR 1967 11 min. A-3
T % Earth: An Interplanetary Perspective = - MOC _ . A3
T Earth Resources Technology Satedlite | NASA 1973 27 min.  A-3
T * . The Face of the Earth S NFB 1975 15 mjn. A3
T * The Moon: An Emerging Planet o NASA 1973 13 min. CA-3.C
T * The-Moon: Old-and New ... 77 NASA 1970 %5 min. A3
*. The Earth: Its Magnetic Field - COR . 1969 14 min.  A-3
© .. The Moc‘jn: A Giant Step in Geology EBE 1976 24 min. A
T | | ! | ;
_ T % Continental Drift . . NFB 1968 10 min.  B-1
* Continents Adrift - AEF 1968 17 min. B-1
T Horizon: -Drifting of Continents BBC - 1975 50 min.  B-1
* How Solid is Rock? “* EBE 1968 . 22 min.  B-1
T Italy: The Udine Earthquake - UPIT . 1976 10 mir. B-1. -
* Rocks that Form on the Earth's Surface © "EBE | 1965 16 min.  B-1
* Rocks that Originate Underground EBE 1965 . 23 min. . B-1
T Castléguard Caves , o NFB 1975 50 min. B-2

FILMS

Films listed below are recommended as support material for Earth Science 11. Films marked () are
available as free loans from the Provincial Educational Media Centre, 4455 Juneau Street, Burnaby,
British Columbia V5C 4C4. . ;

a

Films marked (T) are available for purchése, in videb tape format, from PEMC through each district’s -
PEMC liaison. ' b : : : :

v

N7

Arrangements for obtaining other f,ilms"may be made through Tocal district resource centres. (Films _

with TYPE not indicated are not presently available from. PEMC.)

The sections wh“ere the films are pertinent to learning outcomes are indicated. Films recommended
as highly desirable for successful implementation of the course are marked (o).

\,
~
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Type - Title ' ~ Source Date Ifme . Section

% Erosion: Levelling th& Land ' EBE 1965 14.min. ~ B-2
e * Evidence for the lce Age - EBE- _ 1965 22 min.. B-2
e * Glagier on the’Move : "EBE 1973 11'min. . B-2
’ * Heartbeat of & Volcano _ .. EBE 1970 20 min.  B-2
© * The Rise and Fall of the Great Lakes . NFB 1968 17‘=_‘ntiri. B-2
@ T * Volcanic Landscapes Part 1 . MOY 1974 . 5" min. '‘B-2
. e T » "Volcanic Landscapes Part 2 MOY 1974 /45 min. B-2
" % Why'do we still have Mountains? - EBE 1964/ 20 min. B2
e * San Andréas Fault - EBE 1974 21 min. = B-2
The Contlnumg Past T ' NFB 21.min.  B-2
s . * The Face of the High Arctic EBE 7959 14 min.  B-2
e x Volcanoes: Exploring the Restless Earth EBE /973 18 min. .B-2
The Great Lakes: How they were Formed o EBE o .11 min. B-2
* Atmosphere in Motion . ~ EBE 20 min.:  C-1 |
. % The Beach, .a River of Sand -  EBE 20 min. C-1
e * Storms: The Restless Atmosphere : - EBE 22 min. C-1
* *What Makes Clouds? . ‘ EBE 719 min. C-1
o *x What Makes the Wmd Blow?- . EBE 16 min. G-
o j Chalienge of the Oceans . : MGH - 27 min. - C
How Level is Sea Level? o EBE 13 'min. C
Ocean Basins Series, Lamont Laboratory, - Marine o
‘ Columbia Umversny ‘ Science 16 min. G-
‘T % “Origins of Weather - " . EBE NFB 1963 13 min. C
\ 'Restless Sea ’ ~ BC Tel ~ 54min.  C.
Science of the Sea o . International 19 min. o]
: o ' Film Bureau _ .. ’
Tides and Current, - '
Washington Science Centre, - ' :
Rockville Md. 20855 #P-1056-24 S ESSA ‘ : 15 min. C-
*  Waves on Water | EBE 1965 16 min. c
Weather Satellites ) EBE © 15 min. .C
World without Sun, Trans-Surface oL . ) ' '
Produced; directed by ' ‘
Jacques-Yves Cousteau v T 93 min.  C
o L
@ T » Energy Series . : .
a.- The Dilemma _ - GWF .1975- 20 min. D .
'b. The Nuclear. Alternative "~ GWF 11975 20 min. . D
"c. New Sources 7 - | ~ GWF 1975 .20 min, . D
d. ‘Less is More / = GWF 1975 20 min.. D
Miner ; NFB 16 min. D
= Riches of the Earth . ~ NFB 1954 19 min. D
. 78.° )




. THE PLANET OF MAN (SERIES)

The series hlnges on the theory of global plate téctonics: It also reconstructs in model form.'
how vast forces of water, wind, ice and the shifting crust, have shaped the earth we walk on'
today, and show how we may be able to predict fu.ture consequenras, k

. . . .

~ } Name - ‘ . . Source - Time %ection
- T -Voices of Time (Grand Canyon of Arizona).......... OECA....... 30 min.. J...B-3
g - _ y . -
T - The Jigsaw Fir (Plate Tecton.ics) .............. ..... OECA ... ... 30 min........B-1
T The Fire W.ithin,,/f/(Types of Volcanic Activity)........ OECA....... 30 min.. o
r T Trail of lce Age Blues (Effects of Glaciation....... OECA....... 30.min,+<"..:B-2
. on the Features of .North America)- // :
“T Mountain Heritage _ The Appalachians (Plate ..... OECA. // 30‘mih..s.‘\'.'.-. .B-2 _
Tectonics, Volcanism, Mountain building) T o x : \
T Shield of Plenty (Precambian Earth)........ s ..... OECA....... 30 min........B-2 /
T Challenge of the Deep (Minerals on the............ OECA... ... 30 min..[.....B-1
Ocean Fioors _ ‘ _ » i
. T  The lnner Limit (A Cross-Section of th'e Earth) ..... OECA....... 30 min..“l‘. .....B-2
_T The Cosmic Connection (Meteorite................. OECA....... 30 min.”.';‘..../A-B \
Bombardment) o \ ST : '; E
T Beyond A Doubt: A Revolution........... S " OECA....... 30 min........ B-1

(Concépt of Continental Drift)
T 'The ‘Uneventful Day (Weatherlng and. Erosron) ...... OECA.. . .... - 30 min..... ...B-2

This series is avallable by purchaser through your district PEMC halson

NASA Fllms may be obtained from: “or NASA Ames Research Centre
National Science Film L|brary . ‘ Public Affaifs Office i
- .. 1762 Carling Street. . : . Moffrt Field /

Ottawa, Ontarlo : . . - Cal.urnia, USA 94035
‘Hubbard Super 8 Fllmloops may be obtamed from:

Visua! Education Centre

115 Berkeley Street

Toronto, Ontario

©




FILMSTRIPS AND SLIDES

v
o

FILMSTRIPS . o

SECTION A
Mclntyre Educational- Media Ltd.
4005 Radicastrcnomy
681 Solar Rad\?fnions :
4033 The Earth's Gravity Field
637 “Universal Gravitation -
+CTION B i
Arpbor Scientific ll_td.\' (Ward's Natural Science) o -

. 71W2300 An Introduction to Fossils

79W0040 Continental Drift'ﬁ: Sea-Floor

79W0080 Fossils: Clues to the Past

79W0100 The Hecord in the Rocks . -

Schoiar's Choice Ltd. (1150 Homer Street. Vancouver, British Columbia)
Anatomy of a Volcano EB

. Basic Principles of Radioactivity

investigaung a GIc"ar : NFB -

Reconstructing the lce Age ‘ NF"B

Tne Earthi — Part 1 ) ‘ ‘ ' '
Mclntyra Educational Media Ltd. . ,

4007 D‘a.);ﬁng Geologic Evenls

654 Diastrophisrﬁ

. 589 - New Discoveries about Planet Earth
672 . Probing the Interior of the Earth” - _ \ ) ‘ ‘

Visual Education Centre (Encyclopaecha Britannica)
- 6412K Glaciers and the lce Age ‘
6415K  Investigating Rocks

A '
SECTION C
Arbor Scientihic Ltd. (Ward's Natural $cience)

79W3040 Continehtal Drift 11: Sea-Floor ) o .

A

79W0050 Resources of the Ocean

80.
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Scholar’'s Choice itd:

.

Avid FS Exploring the Sea Ticos
l.andscapes of the Sea {(Lite}

Mighty Currents of the Sea (Life,

'Oceanograahy: Understanding our Daep Frontier EB
B Mcintyre Educational Media Lid.
4001 Qceanography A Developing Science
Visuyal Education Cj?a(re {Encyclaopaedia Britanuical
' A CarzepAn Oceanogranty ’
Air-Seaz Interaction N
Biological(O_c&énography
Chzmical Oceanoygraphy
Geatogicai Qceanography -
Ma-.ne Resource
Ccean Erngineering
Prysical Oceanography '
SECTION D
Schytar's Choice Lt
" Coal Petroteum and Methane’
NMcli=iwyre Educational Medial Ltd.
4504 Minerals of Economic 'mportance
SLIDES _ o
~' B.C.TF. Lesson Aids, Reference Number LA No. M1
" Earth Science Slides ... Set of 120 slides
/ - .
— Exploration of Planets: Mariner, Pioneer and Viking Missions . .. Set of 50 slides
. A . N 1/ -
PEMC Produced Filmstrip Series -
e The Provincial Educational Media Centre has produced a filmstrip. audio-cassetie kit specifically as

support materin! for the Earth Science 11 course

Dr. WR, Danner.”D‘epariment of Geology. University of British Columbia was the specn\alist advisor to

the FEMC.

e

Working titles for the filmstrips are:

1. Plate Tectonics Theory

2. lsland Arcs &nd Moun:ain Ranges'

E

L.
-~

e A o

Aruitoxt provided by Eic:

e



3. Intermontaine Region
4. Vancouver{lslanc\i\\and the Completion of Western North America

All of these slides (or filmstrips) refer to the geology of British Columbia.

from the Provincial Educational Media Centre, 4455

~
\

These kits are avaijable on a free loan basis
 Juneau Street, Burnaby., British Colurpbia V5C 4CA4.

[
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ERIC

Aruitoxt provided by Eic:

20.

21.

22.

- 23.

i3

\

\

SUPPLEMENTARY REFERENCE TEXTS

Jastrow/Thompson. Astronomy: Fundamentals and Fronticrs (Wiley).

University of tllinois, Astronomy Program,

-

McKee. Cascadir The Geotogicui Cvolution Of The Pacific Northioest McGraw-Hill). '/
Hare/Thomas. Cimmate Canada (Wiley).
Williams, Contivental Dy (B.C.T.F. Lesson Aids).

Sohmid v al. Deecloping Science Concepts (Prentice-Hall).

“QObourn et al, Larth Space Science (Van Nostrand Reinhold). . /
T:rowbridge, Experiments In ',\rh'h'um[qs:}/ (Doubleday). - | - //
Abell. [,ﬂ\‘:.'l[urllliim; of HII(' Universe (Holt, Rinehart .and Winston). . ‘ '_:M/;’/\

Schmid et al.. Extending Science Concepts (Pr'enti'\_;e—HaII)A k. : /{ )

Allison et,al. Grolegy (McGraw-Hill).
Geological :Survey of Canada. Geology and Feonomic Minepdls of Canada. - -

Schmid et al. birodecrnyg Science Concepls (Prentice-Hall).

I
J .

Navarra‘Strahler. Investiouide. Our Planct In Space (Harper and Row)

N

LS.C.S Pamphict Series. PS 1410 (Houghton-Mifflin Science Program).
Brown Kempr~r & Lewis. [ualoratfory iiziws!ignlwn% Iy Eartii Scrence (Silver Burdef’t ~ GLC)." »
wife Nature Library Series:

1)° The Earth (General Learning Coiporatior:

iy The cianet {GLC)

i) The Sea (GLC)

v)  The Unmizerse (GLC) ) ‘ B
v)  Weather (GLC) : . S R

Z. Praw/Thompson. Patterns In The Enviroiment (Prentice-Hall),

Dutton. Spuce Pneviciepuedin (Clarke lrwin). A

"{ussel et al.. Sourcebook For, Fartht Science And r\slr.r'nmn}/, (Collier-Macmillan).

American Geologicel Society; The Dictonary of Geologival Terms, Dolphin (Doubleday).

" Hibbs/Eiss. The Earth Space Sciences, Laidlaw (Doubleday). o ) '

Atberta Society of Petroleum Geologists, The Face Of Time, (A Geologicél History of Western
Canada). 612 Lougheed Building, Calgary. Alberta.

83.
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24, Time, Space and Matter, Investigatic  The Physical Worl~ Series. Modules (McGraw-Hill}.
i} Encountering \T‘he Physical World
i) Exploring A Slic>e Of The(Earth

r

iii) From Microcosm: To Macrocosat
. .7

iv)" Levels Of Approximation /_'./ ) N ) ' R '
v) Dimensions And Motibns{s'/Of The Earth-,
'vi) The Surface Of The Eaxi:tﬁ P - .
vii) The Grand Canyon Of Co ?"éda 7 . ,
wii) The Surface Of The M'Q(/)n i /-/"
ix) Worlds In Space . )
. N

25, Useseo Sourcebook For Science eachine (Unesco).
: AN 1€ 5¢
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PRESCRIBED TEXTBOO LIST . g

The textbooks authorized for the Earth’ Smence 11 course are listed below. The scale of issue of
\ authorized texts is indicated in the Prescribed Textbook List. The Presci bed Textbook List is
published annually by the Curriculum Development Branch and is availauic from the Publication

/ Services Branch

EARTH SCIENCE 11

“1. Krynowsky et al.: Toundations of sSpace Science, (Holt, Rinehart and Winston).
2. Wolle et al.. Earth and Space Science, 2nd edition (D.C. Heath).

3. (a) American Geological Institute: [nwvestigating® the Earth, revised edition (Houghton-Mi’HIin).
“ (b} Goldthwait: Earth Sctence (Ginn) i . '
' (c) Jackson/Evans: Spaceship Earthf/Earth Science (Houghton .iifflin)

4. (a) Heller et al} Challenges to Scivnce, Earth Science (McGraw-Hill)
(b) Bishop et al.: Focus vn Eartih Science, 2nd edition (Merrill)

Reference Package’

1. Ordway: Lartii Science, 2nd edition {Van Nostrand Reinhold).
[ ) . . G ' .
2. Intermediate Science Curriculum Study: Crusty Preblems, (plus Record Book) Silver
Burdett (GLC Educational Matenals and Servuces Lid.).

3. l’%ACS Wuui\ mul Woeather (plus Record Book) Silver Burdett (GLC).

4. Readings from SCIentmc American' Oceanography (W.G. Freeman, & Coinpany).

5. Readings from Scientific American: Continents Adrift and Continents Aqrmmd (W H.
Freeman & Company).

6. Nu'field Secondary Science 8: The Earth awd Iis Place in the thiiverse (Longman).

~1

U.S. Geological Survey: VHuas of Velcanic Phwomenon (Washington. D.C. 20402).

L
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