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INTRODUCTION

"The earth is a nearly spherical body that travels through space at high
apeeds. It 18 tied to the sun by the invisible but unyiclding bonds of
gravity as are the other planets nf the soler system.

Man 1 a product of the earth and he depends upon {t for his physical
being...s With hia mind he studies the earth, and within the limits of
experimental science he knows its size, its  hape, its weight, its com~
position and {ts srchitecture. He knowa that it had a beginning and that
it will have an end,

Above all man has found that the earth has no preferred position in time
or apace, and that it ia the centre of nothing.

The earth is tut a sample of cosmic matter and a great lahoratery in which
man can investigate hie environment.'

Text which i{ntroduces the Bickell Globe
in the Royal Ontario Museum,
University of Toronto.

Thia course introduces the student to the atudy of the physical world sround
him, 1ta history and the development of 1life upon this earth. The course
also emphasizes the practical aspects of geologic study such ss the analyats
of topographic and geologic maps and afr photographs, the examination cof
rock, crystal and fossil specimens, rock tests in the laboratory and in :
field and the practice of making geologic observations and of collecting
aamples.

The teaching of geology should involve, wherever poasible, the local area.
Purthermore, studcents learn best about Nature when they see her proceases
exemplified in the surroundings with which they are most familiar. The
atudy of local geology, therefore, cannot be over-emphasized. The course
1s divided into units and Iin a sequence that begins with a student's nat-
ural question, 'What 18 a geolopist?" The programme then explores the work
of the geologist and the methods he uses in the ficld, in the laboratory
end in the office. Thereafter, the student, as from a ve.tage point in
spece, views the earth as a whole and, as the course develcos, studies its
details at closer range. Finally he learns how the earth provides his food
and shelter and how jts many materisls make his life more comfortable, inter-
esting and enjoyable.
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AINS

The aima of this courae are:

(1) to promote an uaderatanding and an appreciation of the earth -
man'a phyal:al environment, the proceasea that ahape it, {ta
poaition in apace, ita threz-dimenaicnal atructure, ¢ d its
compoaition;

(2) to introduce atudenta to the fascinating study of the phyaical
history of the earth &nd to the development of life upon {t;

(3) to promote the powera of observation, #nd deduction baszd on
obgervation in the field and im the laboratory;

(4) to aid atudenta to develop a concept of the geological hiatory
of Ontarfo and its svrrounding areas and to aid them to become
faniliar with the more important geolczical featurea of their
diatricts;

(5) to gein 2 knowledge of the basic principles which have enabled
man to explore and to develop the resourcea of the earth'a crust
with apecial reference to Ontario.

In concluafon, this courae shyuld stimulate interest in and promote
curiosity about "the worid arourd us'. It ahould create an awareneas
of the geological atructure and hiatory of our country, of i{ta many
landscape featurea, and of jta rich and varied natural reaources.

The course should alao encourage the developwent of worthwhile hobbiea
auch as mineral and foaail cnllectings and the research of the local
region,and the new knowledge gained ahould add greater intercst and
pleasure to travel and to cemping excursiona.

The study of this course may, in some cases, provide for a future
livelihood in the many fielda demanding a background in geclogy.

RIC 4
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UNIT A. THE GEOLOGIST AND HIS METHODS

The purpose of this unit is to i{ntroduce the student to the science of
geology by describing briefly the nature of the acience, its practical
applications, and the work of the geological scientist, Map study is
included in this unit because maps are both a'tool'and a product of
geological work. Perhaps the most important part of the unit from the
standpoint of motivation 18 the field tyip; it should be organized care-
fully and with purpose.

1. What geology is and why it {s studied:

(e) The interest and romance of geology: examples, such as the
earth, the home and the laboratory of man; the fossil evidence

of changing life; gems; the antiquity of the earth; the youth
of man

(b) Geology as a pure and applied science: examples, such as
measurement of geologic time; t\  atomic structure of crystal-

line substances, prospecting for ore and oil; winning diamonds
and metals from the earth

(c) Relationship of geology to other sciencea: exsmples, such as geo-
physics, the physics of the earth; geochemiatry, the chemnis-

try of the earth; paleontology, the biology of fcssil oirgan-
1szs

(d) Geology and its influence on geography.

2., How geology is studied:

(a) 1In the field: measurement of distance by pacing and by chain-
ing; measurement of direction using the compass; measurement
of attitude using the clinometer; recording location an. nature
of rock outcrops on maps, air photograrpiis and in notebooks.
Field or laboratory exercises in these techniques are recom:
mended.

(b) In the laboratory: identification of rocks and minerals dy
chemical and physicsl properties including the use of the
microscope; fossil identification (Brief demonstrstions should
be made.)

(c) In the office: compilation of field and laboratory data on
maps and graphs snd the interpretation of data (Displays should
be used.)

3. Pield trip

Where possible, appropriate topographic and geoclogic wmaps and aiv
photographs should be used by the students on the field excursionm.



3., (Cont'd)

The half day field trip should be carefully planned and carried out
to permit students to examine local geologic features and to give
them practice in making geologic observations and in collecting
samples.

A photographic record of the trip should, if possible, be made for
use in subsequent lessons. A 35 mm cemera is recommended.

4, H‘p.

The conatruction and interpretation of topographic and geologic
maps, and the use of air photographs

(a) Topographic maps: the portrayal of dietance, land relief,
natural and human cultural informatica by scalzs, contours
snd/or hachures, latitude, longitude and symbols; practice
in these aspects of map interpretation, stressing contour
patterns

(t) Geologic msps: the portrayal of different rock masses by
colour and patterns, of rock structure by symbols and of
sequence of formatiora by ages; examination of simple ge-
olegic maps

(c) Afir photographs: tha appearsnce of relief features, rock
outcrops and rock structures in air photographs; the use
of the etereoscope.

UNIT B, THE RARTH TO THE GEQLOGIST

The first purpose of this unit ir¢ to study the relief of the earth's sur-
face by considering such matters as the average helght of land, the aver-
ags depth of the oceans and the hvpsometric curve in order ts bring out
the differences oetwean continents and the ocean dasins. This is follow-
ed by a study of the atmosphere because it {s familier tc :he studeat

and he is avare that {t is layered, Thirdly, a study of the layered
earth and its {nternal order follows. The unit closes with a brief look
at the earth as & planet, including {ta geometry,

1. The Earth around us

(a) Relief of the sarth's surface: defiiftion of relief; the
contrast indicatad by tha Lighest elevu:ion of tha land
(Mt. Everest) and the greatest depth of the ocesn floor
(Challenger Deep); tha average height of lard and tha aver-
age depth of the ocean floors; the hypsometric curve; da-
finition of continental shelf., The use of a coloured world
physical map is advised.

. 6



1, (b) The materials of the earth's surface: the concepts an de-
finitions of regolith, bedrock and outcrop, s*ressing var-
iability in their physical properties and cimponitions;
density determinations on, and display of, these materials
gleaned from the field trip and elsewhere are urged; the
hydrosphere definition ~ f*« lateral and vertical extent;
its geological importance.

2., The Earth abuve us

(a) The atmodsphere: the near surface composition of the atmos-
phere; changes i{n the nature of the atmciuphere with elevation;
brief refer.ace to the importarce of the atmosphere as a ge-
ologic agent and as a shield for the earth's populations.

3, The Earth beneath us

(a) The dimensionu of the earth: its geomecry; polar and equa-
torial diameters of the solid earth with suggested reasons
for the difference; the equatoriel circumference of the
esrth; the shape of the earth

(b, Tre layering of the earth: the disparity between the average
density of the earth and that of the neer surface rocks of
the earth's crust; evideaces of layering of the earth; the
earth's crust - ite thickness and composition; the layered
nature of the cruet; litliologic distinctions between contin-
ents and ocean basins; the mantle - {ts thickness and prob-
able nature; the core - {ts thickness and probable nature.

4. The Earth in 2pace

(a) Msterials from space: meteorites - types, composition, ve-
lastionship to meteors, origin and inferences with regard to
the earth'a interfior composition; examples of 1eteorite ~ra-
ters

{(b) Place in space: the moon as related to planet Barth; the
place of plene’. Esrth in the solar systeam; galaxies and
possible other solar systems.

UNIT C, MATERIALS OF THE EARTH'S CRUST

Raving introdu:ed tha students to some of the interasting topics with'n
the subject, the wurk of tha geologist and illustrated viewpoints
whic geolozists hold regarding our sarth, & wore intimate scquaintance




with the materials of the earth follows. The 8tudent now studies the
composition of the earth's crust and some of its important rocks and
minerals.

1. Physical properties of minerals:

(a) Specific gravity: illustrated by comparing the heft of
calcite, barite, galena, and pyrite

(b) Hardness: determined experimentally for several minerals
with reference to the thumb nail, copper coin, piece of
vindov glaos, and a knife blade; by such procedure, compare
the hardness of telc, gypsum, calcite, pyrite, chalcopyrite,
and quartz

(c) Colour: 1its use and limitations as a determinative property
of minerals, illustrated by the sxamination of caloite,
magnetite, chalcopyrite, and galena to show minerals which
differ in colour; also by the examination of mineral pairs
such ag calcite and gypsum, magnetite and 3pecular hematite,
and of varieties of minerale such as quartz, sphalerite,
apatite and hematite to bring out the limitation of colour
as a distinguishing characieristic of minerals

(d) Streak: the meaning of the term; how streak is determined;
the compar{oon of colours and streaks of the following min-
eral pairs to illustrate the greaster reliability of streak
over colour for the purposes of mineral identification:
hematite and specular hematite, and brown and black sphal-
erite; the comparison of the streaks of calcite and barite,
of calcite and gypsum and of pyrite and chalcopyrite to
i{llustrate the insufficiency of the use of astresk alone as
a distinguishing property of minerale

(e) Lustre: the meaning of the term; illuatrations of lustre
using minerals (J) having non-metallic and (2) minerala
having netallic lustre (Dark coloured varieties should be
used where possible to avoid giving the impression thet
ninerals with -on-metvllic lustre are light coloured.)

(f) Cleavape: the meaning of the terw; examination of minerals
with cleavage such as mica, halite and calcite, and of some
without cleavage such as quartet aud magnetite (Mo attempt
should be made to classify cleavage types geometrically or
crystallographically:)

(g) Magnetisa and florescence: the meaning of the term; a

dioplay of minerals that have these priperties well Jevel-
oped; a demonstration of these propertiss with one or more
minerals




1. (h) Cryatal form and growth: ¢he definition of a crystal; empha-
sis on the fact that the external form of a mineral crystal
i3 one outward expreesion of the systematic internal arrange-
ment of its constituent atoms; demonstrstion that cryetalline
material need not possess regular outward form; experiments
to illustrate the formation of crystals from vapour, from
solution aud by frecezing; examination and dcscription of
cleavage pleces of minerals such as feldspar and calcite
and of crystals such as quartz to show that tiie angles be-
tween corresponding crystal faces are constant for a partic-
ular mineral, are characteristic of it and are independent
of the sizes of the faces.

2, Chemical properties of minerals
Demonstration and/or class experimentation by the use of at least
three of the following to establish that minerals possess chemical

properties:

(a) the reduction of powdered galena to metallic lead on charccal
with the use of blowpipe

(b) the conversion of pyrite to & magnetic residue

(¢) flame tests to show the flame colours of sodium, potaasium,
calcium, barium and copper

(d) the borax bead test for cobalt
{(e) the closed tube test for sulphur using pyrite
(f) the wet test for sulphur in pyrrhotite, galera or sphalerite
The clagsification of minerals into: native elements, sulphides,
oxides, halides, carbonat: ,, phosphates and s{licites, i¢ made pos-
sible by the above and o .ier concepts of chemical composition. (The
illustration of these groups by several specimens of each should, as
far as possible, be accomplished,)

3., The study of minerals

The examination and identification of the following minerals. Min-
ersls of local interest may be added to the 1ist at the teichers'

discretion:

silver amphibole calcite talc

copper hematite apatite asbestos
graphite magnetite gypsum mica

pyrite bauxite quarts chalcopyrite
galena halite feldspar

r t E)
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Rocks

Note: Iiccks may be studied in this unit: or their study may be
integrated with the consideration of geulogiec processes in Unifs
D and E. If the rock study is made her: it will net be repeated
in Units D and E.

In this section, where 'rock study' is ivdicated, ss muny hand
specime1s as possible should be provided for each class. 1In
additioy, a simpie biological cor prefersbly a polarizing micro-
scope giould be available and used so trat students may examine
thin secticns of these same rocks.

(%)

(v)

(<)

(d)

General: definition of rock; grouping of rocks ¢n a genetic
basis into igneous, sedimentary, and metamorphic classes;
brief consiceration of the origin of each class and its re-
lation to the rock cycle; texture end structure as the prin-
cipal distinguiehing chsracteristics for these classes

Igneous rocks: erort consideration of the origin of igneous
rocks (genesis, movement, and environments of corzolidation
of migma); definition of igneous rocks - especially to dis-
tinguish ithem from the other classes; bases of claessifica-
tions for igneous rocks; a simple working classification
into two families or clsns, namely, granite snd gabbro, and
three textural groups, - granitoid, porphyritic, snd feleitic,
but tressing the gradational principle; definition and ex-
emplification of diabase and pegmatite and their places in
the group; the significance of minéralogicsl compnsition;
the origin of igneous rock texture; rock study to involve
the examination &nd discussion of physical properties of
granite, granite porphyry rhyolite, gabbro, basalt, basalt
porphyry diabase and pegmatite

Sedimentary rocks: brief summary ¢f the origin ot sediments
and the formation of sedimentary rccks involving notions on

the origin of clastic particles snc solutes, the movements

of both, their deposition in certain enviroaments, and their
consolidation or lithification; definitions of, and distinction
between sediment and s sedimentsry rock; notable properties of
sedimentary rocks which distinguish them from *he acier two
classes; bases of classification; a8 simple division into clastic
and non clsstic with the further divisio: of each as organic
ard inorganic; tte significance of composition and texture;
gradstional principle applied to sedimeatary rocks; rock

study to include conglcmeruste, sandstcme, shale, rock s-l\t,
limestone, gypsum, and coal

Metamorphic rocka: summary of the origin of metamorphic rocks
etiphasizing the conditions involved (n metamorphism and the
environments in which thece can be realized; distinguishing
chsracteristics of metenorphic rocks; the concept of foliation;

1.0

-
-



(d) (Cont'd)
practical claasification into two classes, = the foliates
and the non-foliatea: rock atudy to include slate schist,
gneiss, marble, quartzite.

UNIT D, INTERNAL GEOLOGICAL PROCESSES AND THEIR CONSEQUENCES

Famiiiszity with Earth's surficial materials invites investigation into
theiyr origin and architecture. The purpose of this unit therefore, is
to investigate the proceaases which originated, ahaped and gave texturea
to igneous and metamorphic rocks. The stiudy should also result in some
understanding of the exiatence of a store of energy within the earth and
the sources and modes of expenditure of thig energy.

Note: A film on volcanism ashould introduce this unit. Haximum use
should also be ride of modela, maps, and photographs to develop and
convey the various concepts.

1. Internal energy at work

(8) Magma, genesis. movement and consolidation: the meaning of
magna and its r.lation to lava; the two principal magma types
compoaitionally - granitic and basaltic; ideas on thuir origin;
¢xplanation of how and why magmes move; tve conditiona for the
freezing of sulisurface and surface magmas and lavas and the
resulting textural variations; shapes of igneous rock bodies
including batholiths, aills, dikes, volcanic plugs, cones &and
lava fields (or flaws)

(b} Defrrmution:
(1) Earthquakes: their iatensities, earthquake belts, depth
of focl; causes of earthquakes; effects of earthquakes
on rock stru.tures and scenery
(11) Simple deformational structures: anticlines, svnclines,
faults end joints; the mechanisma of their formations;
varieties in each of these structures and their signifi-
cance
(i11) Alteration in rock fabric and composition or metamorphism:
metamorphisn and how it affecta rock fabric and mineralogy,

2, Sources of energy for the Esrth's internal processea

Heat, radioactivity, cF.nical reactions, gravity.

O
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UNIT E. _EXTERNAL CEOLOGICAL PROCJSSES AND THE

CHANGING FACE OF THE LAND

Ft 7n an examination of the Barth's internal processz2s and energies which
build its crust and synthesize its minerals a look is taken of the outside.
A study of the external processes is also made and of those energies which
keep them in operation. The effects of these surface-shaping phenomena
upon man is also observed.

1. The Earth's external enmergy at work

(a) Weathering: definition; processes and agents of chemical and
mechsnical weathering; the factors irfluencing the rate and
depth of weathering; brief reference to residual sojls, e.g.,
laterites

(b) Erosion, transportation, end deposition:
(1) DPefinitions; relationship to weatkering azcnis of

erosion, transportation and deposition
(i1) Hass movement: definition; examples to be studied, -
talus, land and submarine slides; importance of mass
movements; man's struggle against, and conservation
m2asures to overcome, mass movements; examples from
topographic maps and air photographs
(111) Running water: from rain drops to rivers; carrying
power of water; erosional effects of stream flow;
profile and giradiert; velocity and discharge; result-
ing land forms; exsmples; erosional land forms such
as river valleys; depositional laad " »>rms such as
flood plains snd deltas; lakes and marshes asscci-
ated with erosfor y running water; examples from
mar 5 snd photagreyns
(iv) Ground water: the sround water profile aud factors
deircrmining its configuration; movements of ground
wvater; eroaional effec.s and resulting landforms,
e.2., ikarst topography, caves, stalactites and
stalagmites; the economic importance of grourd
water; its increasing u9e and Lhe questions of
reserves; the importsnce of mait enance of ground
water level; the exarination of water profiles and
vell data
(v) Waves snd shore line effects: the formation of
waves and currentd; erosion of shorelines and
resulting features, e.g., headlands, shoreline
«¢1iffe; depositional features, e.g., spits, bdars,
hooks; types of shorelines, e.g., emergent and
submergent

O

ERIC 12

Aruitoxt provided by Eic:



(b) (Cont'd)

(vi) Ice in motion: formation and movement of glaciers; J
glscier types, a.g. valley, continental sheets; glscial .
erxcsion, e.g., striae, U-shaped mountain valleys, rounded
hills and lskes in ice sheet areas; glacial transport;
erratice; depositionsl features of glaciers and their
meltwaters, e.g., till and stratified drift; landscspe
forms, e.g., grourdmorsine, drumlins, endmorsines, eskers,
outwash, glscial lake plains and their strandlines;
examples from field trips and &8s seen in topographic
maps snd photographs

(vit) Air in motion: mechanics of erosion vy sir and sub-
sequent deposition; resulting land forms, e.g., dunes;
loess; erosion control and conservstion; examples from
photograpts and topographic maps

'5’

(c) The Formation of Sedimentsty Rocks:

(1) Cwmpaction of szdiments by wster and ice
(11) Cewent “‘on of sediments (See UNIT C, 2(¢) for detsiled
treatm

2. Sources of emergy for Esrth's externsl processes

(a) Grsvitstionsl 2nergy

-~

(b) Kinetic eneryy of the sgents of ercsion
(c) Radiant ener heat, light, etc.) from the sun
(d) emical energy of minersls of igneous and metamorphic origin.

UNIT F. _TIME AND GEOIOGY

When time {s added as a dimension to the study of earth's processer,
seologic history unfolds. Thst history is for man's interpretation

from the succession of rocks, whose formition, destruction gnéd rodifi-
cations have taen atudied in the preceding units., In any one ares, no
matter how lai je or small, the record is usually incomplete and the gaps
rem&in to be filled by research and deduction.

The advent and Jevelopment of 1ife through time have left ‘heir imprint
in the <ocka:, This has helped men to interpret past environments and,
above all, o give him an uncerstanding of his place in earth history.
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1. The phyeical record

(a) Sequense of events from field observations: intivusive relations

(L.e., 8 dike is younger than the rock it jmtrudes); sequence
in structural deformation (e.g., faults and folds are younger
than the disturbed rocke); laws of superposition; conformities
and unconformities

(b) 32ock types and their significance: the concept of environment

on formation based on specimen study, e.g., granite, obsidien,
vescicular lava, and greenstone; conglomerate, sandstone and
shale; cross-bedding and ripple marke; galt and gypsum; till
and tillite; fossiliferous limestone or shale.

2. The biological record

(a) JYoseils and foseilization:
(1) defirition and formation of foesiis; examples of foseils
from the following phyla of the animal Kingdonm:

PHYLUM LIVING PORM FOSSIL FORMS
Protozoa Amoeba Fusulinid
Foraminifera
Porifera Sponge Spunge
Coelenterata Bexacorals ‘fet'"acorals
Annelida Work Trecke
Bryozse Mosde anizal Bryozoa
Brachiopoda Lamp shell Butterfly shella
Mollusza Clam Bysaonychia
Snail Maclurites
Octopus Ammonite
Arthropoda Crayfish Trilobite
Insect Insect in amber
Chordata Fish Ostracoderms
Reptile Dinosaur
Placental mammal Sabre tooth tiger
Woolly memmoth
Mastodon
Man

(11} Fosell plents (Lepidoderdiron; Calamites; Equisstum)

(111) The vaxisty of marine life of today {llustrated by film

(b) The fossil record and the gsological time-gcale: sequencs of
diposition (law of “upsrposition) im relatiom to the occurrencs

of fossile Lo give the svidence for changing lifs; the division
of rocks, with correlations, into younger and older rock unite;
the svidence for organic svolution sud the basis for the geo-
logical time-acale frow fwmed‘ste pravious items; the geological
time-scale - displayed as a vall chact

14
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(d)

(e)

- 11 -

The_measurement of geological time: all time measured by
processes taking place, and known to have taken place in
the past, e.g.,

(1) The growth of tree-rings

(11) Rates of crosion - the retreat of Niagara Falls
(111) Rates of sedimentation - Atlantic Ocean
(iv) Radio-active time clocks

The eras of earth history: discussion of the principal phys-
ical features, biological characteristics, the relative dura-
tion in time for each of the eras listed below, and in the
order given; reference to economically important products
associated with each era

(1) Cenozoic
(11) Mesozoic
(i11) Paleozonic
(iv) Precambrisn

The origin of the earth:

(1) Some theories of earth genesis as a basis for discussion
(11) Emphasis on the approach that any theory is based on the
facts of the time in which it was rcepared; naw facts
and concepts require the discard of old theorlies and
the development of new ones,

T G, _THE ONTARIO RECORD

To be familfar with world wide natural processes and phenomena, and yet
fail to gee earth history in phenomena near home {8 to miss a great deal
of intecest and experience. In this section of the course the students
should be exposed to the geolory of their own Province. They should
also underatand the history of this environment and interpret for them-
selves their local geological scenes.

1. The bedrock pattern and structure of Ontarto

(a)

O
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The relaticnships of the rocks of Ontario to the adjacent areas
by 2 study of the geological maps of Ontario, Canada, end Nerth
America; discussion of the age, type, and distribution of the
rocks with respect to the Standard Geological Time Scale;

note the gaps in the complete rectord - some sre unconformities,
others are shown by outliers which result from erosion; uge of
outline maps
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(b) An outline, using similar geological maps stated in (&) of
the structural features of Ontario and surrounding areas to
include: the Precambrian Shield and its divisions into the
Grenville and Superior krovinces (this term province to be
defined); the Grenville Front; the contfnuation of the Shield
into the Michigan Bssin and under Scuthern Ontario and the
Hudson Bsy Lowlands; the FProntenac Axis anéd its connection
with the Adirondacks; the Algonquin Arch; the Ottawa-Borne-
chere Graben.

2, Major subdivisioms of the bedrock

Note: Using the nomenclature and interpretation of each of the
general subdivisions 1isted below ((a) to (g) inclusive) of the
rocks of Ontsrio, discuss their geographic distribution and their
economic products. Thus & general concept of the geologicsl his-
tory of the Province is developed. On this framework, the details
of any local school area may be amplified.

(a) Keewatin - Timiskaming and "Algoman" or "Early Precambrian
Intruaives'': the oldest rccks of the Shield; the Keewatin-
Timiskaming consists of volcanic rocks and sedimentary rocks
now greatly altered and structurally deformed; intrusions
numerovs and varied; many of the details or the '"Algoman'!
unknown

(b) Huronian and Asdmikisn: sedimentary rocks of marine and
floodplain origin; evidence of glaciation; evidence for
early 1ife (algal concretions); iron formations

(c) Xeweenawan: sedimentsry rocks and injections of dikes, sills,
and other intrusives

(d) i1e Grenville Provimce: metamorphic terrain representing the
roots of an old mountain range; reason for the varied mineral-
ogy in certain areas, e.g., Bancroft

(e) The Paleozoic Terrains: the Niagara Eacarpment and the Silur-
ian Deltas; sub-surface distribution of formations; the origin
of the Niagara Escarpment (post Paleozoic erosion)

(f) The Ple{stocene: evidences for continental glaciation; glacial
features of Ontaric, stiessing local scene where possible

(g) The Present: general discussion of present-day geological
proceases operating within Ontario or the local area; man's
struggle with these processes and with their effects

O
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Note: It is suggected that basically one period be allotted for
each of (a) through (d), two periods for (e), three periods for

(f), and one period for (g). If & school {s located on the Canadian
Shield, an additional two periods should be allotted for elsboration
on the beat-developed subdivieions of the area. FPor example, Port
Arthur-Port William schools would elatorate on the K2weenawan, Tri-
town schoole (Cobalt-Ha!leybury-New Liskeard) on the Huronian, Ke-
weenawan, Paleozoic, or Pleistocene, Sudbury schools on the Sudbury
hasin, Elliot Lake-Rruce Mines schools on the Huronian, Bancroft
schools on the Grenville, and Kirkland Lake and Timmins on the Kee-
watin-Timiskaming. Schools in the Paleozoic terrain of Southern
Ontario would allocate two extra periods for an elaboration of their.
area, stra2ssing either the bedrock or glacial geology.

3. The local scene

This section proposes to make the student aware that much of the
total concept of the whole foregoing course may be applied by ifiust-
hand observation within his c¢wa environment and to make him aware
that he, indeed, lives with such.

A carefully planned one-day field trip is imperative in order that
thege principles ghall be brought to the student's thinking and aware-
ness of geological environment,

UNIT H. MINERAL RESOURCES AND APPLIED GEOLOGY

So dependert is man upon the earth's metallic and other products, that
geology, in addition to being a study of pleasure snd interest, is a
necessity for cur existence. In this unit the students directly observe
rock and mineral substences and study them as useful economic products.

Two aspects of the study are therefore presented: the occurt 'nce &nd
genetics of earth materials, and man's methode of extracting them for
his use. The latter part involves the study of exploration techniques
snd of the development of mires, oil wells, quarries and other deposits.

1. Carada's world position in mineral products and the Ontsrio shsre

(a) Products and statistics to be selected from tables in the
Canada Yesr Book - the following are possible suggestions:
copper, gold, {ron, nickel, silver, tin, uranium, asoestos,
petroleum snd natural gss, sand and gravel

x

ote: Tin is inserted here to show the effects on Canada

St

of the very small production of such an important mineral.

O
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(b) The ore concept: the distinction between ore, mineral, and min-
eral product, e.g., pyrrhotite-nickel; galena-lead; chalcopyrite-
coppex; limestone-cement
Specimens of the above muterials to be presented as illustrative
examples

(¢) 1TIhe importamce of water as an eccnomic (and vital) product

Note: It 1is sugges*ed that three sample studies be carried out;
a study of a metal mine, an oil field, and an industrial mineral
depoait. The sample studies should be studied under the headings
presented in 2, i.e., (&) to (g) inclusive.

The search for mineral deposits and the development of a mine

The Marmora Iron Mine 1is presented here as an example of the location
of a deposit by the aeromagnetic geophysical method. Other similarly
found deposits may be used as examples if so desired (e.g. Thompson
Lake nickel, Manitoba),

(a) Early Prospecting. The location of small magnetite deposits
had for many years been known in the Grenville-type rocks of
the Marmora area. Some vere mined on a small scale in the
early 1900's. Tha present deposit lay undiscovered because
it was beneath 100 feet of Paleozoic limestone.

(b) Recent Scientific Methods. The discovery of the deposit re-
sulted from the study of aeromagnetic data produced by the
Ontario government in flying over the avea.

(c) Optioning of the Deposit. The actual financing of a mime now

begins when private steel companies deal with the farmer-owner
of the deposit.

(d) Detailed ground program.
(1) Diamond drilling
(i1) Examination of core
(111) Concentration tests - estimation of valuable ore
content and limitation of deposit

(e) Development of the mine.
(1) Stripoing of the unwanted rock cover

(11) Pilot plant tests for a proper mill process

(f) Production. Samples of ore pellets for examination

(g) Social effect on community

18
v



- 15 =

3. Other suggested examples which could be studiea under the same

headings include, salt, oil, or gas in southwestern Ontario, sand
and gravel in the Toronto area or others,

4. Conclusions regarding the three sample studies

(a) Sinilaritles between the types of deposits - all show concen-

trations of some type, mostly carried out by nature; because
they are concentrstions, they are rare and thus finite

(b) Conservation of resources because they are non-renewable by:
(1) Improving mining methods
(i1) Mining all possible ore.

5. Geology in the service of man

{a) Practical applications
(1) Impact of genlogical services
e.8.; nickel (coins, stainless steel)
uranium (cancer reccarch, atomic energy)
asbestos (building products, insulation, fire-
proofing)
gold (its importance in the country's economy)

natural gas and fossil fuels (energy, automobile)
(i1) The use of geology in comstruction

e.g., faults, teating of "danger areas"
(111) The development of countries and regions due o geo-
logical exploration
e.g., South Africa - gold in the Rand
Australia - gold at Kalgoorlie
Canada - the opening up of Yellowknife,
Northwest Territories

(b) Philosophical applications

(1) The devalopment of the theory of evolution from geolog-
ical data.

O
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APPENDIX A
BIBLIOGRAPHY

Astronomy
Baker, Robert H., Astronomy, Van Nostrand, 1959

Bergamini, D. and the Rditors of Life, Life Nature Library, The Universe
Time Inc., New York, 1962

Dictioparies and Direct ries

Fay, H. A., A Gloesary of the Mining and Mineral Industry, U, S. Govern-
ment Printing Office, Washington, 1947

*Himus, G. W., A Dictionary of Geology, (Penguin Reference Books) Longmans
Canada

*Howell, J. V., (co~ordinator), Dictionary of Geological Terms, a Dolphin
Reference Book No., C-360, (Doubleday and Company Inc.,
Garden City, New York) Doubleday

Howell, J. V., (co-ordinator), Glossary of Geology and Related Sciences,
American Geological Institute

Howell, J, V. and Levorsen, A.I., Directory of Geological Material in

North Americs, 2nd ed., American Geologicsl Institute

*Moorc, W. G., Dictionary of Geography, (Fenguin Reference Books) Longmans
Canada

Economic Geology and Mineral Deposite

Bateman, Alan M., Economic Mineral Veposits, (John Wiley and Sons, Inc.,
New York) General Publishing, 1950

Langford, G. B., OQut of the Earth, Univereity of Toronto Press, 1954

Levorsen, A. 1., Geology of Petrnleum, W, H., Freemsn #nd Co., San Francis-
co, 1954

Genetral and Physical Geology

Gilluly, J., Waters, A.C.,, and Woodford, A,0., Principles of Geology, 2nd
ed.s W, H. Freeman and Co., San Francisco, 1959
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*Heller, Robert L., Geology and Earth Science Sourcebook for Elementary
and Secoridary Schools, (Prepared under the guidance of
the American Geological Institute), Holt, Rinehart and
Winston, 19A2

*Hurley, Patrick M., How 0ld ia the Earth?, Doubleday Anchor Books,
Science Study Series, Doubleday, 1959

*Leet, L., Don and Florence J., (£ditors), The World of Geology, McGraw-
Hill, 1961

Leet. L. Don and Judson, S,, Phyaical Geology, Prentice=-Rall, 1954

Moore, Ruth, The Earth We Live On: the Story of Geological Discovery,
(Knopf, New York) McClelland and Stewart, 1956

Rapport, S. and Wright, H., The Crust of the Earth, An Introduction to
Geology, Signet Science Library, The New American Library
of World Literature, New York, 1955

Shrock, Robert R., Sequence in Layered Pocks, HMcGraw-Hill, 1948

Spencer, E. W., Basic Concepta of Phyaical Geolozy, (Thomaa Y. Crowell
Co., New York) Ambassador, 1962

*White, J, P., Study of the Earth: Readinga, Prentice-Hall, 1962

Zumberge, J. H., Elements of Geology, 2nd ed., (John Wiley and Sona,
New York) General Publishing, 1963

Glacial Geology

Flint, R.P., Glacial and Pleistocene Geology, (John Wiley and Sons, New
York) Generel Publishing, 1963

Thwaites, F.T., Qutline of Glacial Geologv, Edwarda Bros., 2500 South
State Street, Ann Arbor, Michigan, 1946

Nistorical Geology

Dunbar, Carl 0., Historical Geology, (John Wiley and fona, New York)
General Publishing, 1960

Moore, R, C., Introduction to Historical Geology, 2nd ed., McOraw-Hill

1958

Moore, Ruth, Man, Time and Possila, revised ed., (Knopf, New York) )
McClelland and Stewart, 1961 ’
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Spencer, F. W., Basic Concepts of Historical G:ologv, (Thomas Y, Crowell
Co., New York) Ambaassador, 1962

Stokes, W. L., Essentiale of Zarth History; an JIntroduction to Histoxical
Geology, Prentice-Hall, 1960

Indices to Pubiications

General Index to (mtario Department of Mines, vol. 1-6, 1891-1960

Index of publications of the Geological Survey of Canada, 1845-1958, by
A, G, Johngtor,, (1961), Ottawa, Dipartment of Mine: ond
Technical Surveys, Canada. Also upplement for 1961, 1962,
and revised price 1ist for 1963.

Maps

Geological fssoclation of Canada:
(1) Glacial Map of Canada
(2) Tectonic Msp of Canada

Geological foclety of Arerfca:
(1) Geological Map of North America
(2) Glacial Map of Eastern North Ameri-:
(3) Tectonic Map of North America (to '. published)

Geological Survey >f Canada:

(1) Geological Map of Canada 1" to 60 mi,
(2) Geological Map of Canada 1" to 120 mi.
(3) Mineral Map of Canada 1" to 120 mi. (latest
edition)
Ontario Department of Minea:
(1) Geological Map of Ontario 1" to 20 mt,
(2) Mining Districts of Ontario 1" to 20 mt,

Map of the Ocean Floors - Life Magazine.

U. §. Navy Hydrographic Office - Mercatcer prujection,
Scele 1212.2333000 at equator. 1?2 rheets. ($12l00 U.S-)

Mineralogy

Berry, L. G., and Mascn, B, Concepts, Descriptiors, Determinations,
W. H. Preeman and Co.,, San Franc.tco, 1959

22



- 19 -

Dana, BE. S., Dana's Msnual of Mimeralogy, vevigsed by Cornelius S, Hurlbut,
Jre., 17th ed., (Joha Wiley and Sons, New York) General
Publishing, 1959

Dana, E., S., and Hurlbut, C. S., Minerals and How to Study .hem, 3rd. ed.,
{John Wiley and Sons, New York) General Publishing, 1949

English, G, L., and Jenaen, D. E., Getting Acquainted with Minerals,
revised ed,, McGraw=-Hill, 1958

*Holden, A., and Singer, P., Crystals and Crystal Groving, Doubleday
Anchor Books, Science Study Series, Doubleday, 1960

Palache, C., Beruan, H., and Fcordel, C., The Svstem of Mineralogy of
James 'wight Nana and Edward Salisbury Dana, 7th ed.,
vol. 1, 1944; vwol. 2, 1951; vol., 3, 1962, (John Wiley
and Sons. Inc., New York) General Publishing, 1944-62

Pough, F. H., A T.eld Guide to Rocks and Minerals, Pcterson Field Guide
Series, (Houghton-Mifflin Co., New York) Nelson, 1953

Miscellaneous

The following {tems .ay be ordered from:

-

American Geological Institute,
1444 N Stre>t, Northwest,
Washington, D. C. 20005.

Pangborn, Mark, Jr., Earth for the Leyman, ($1.00 U. S.).
(An annotated list of more than 1400 popular booke on
geology and related subjects suitable for the layman)

S1. Sources of Goological Informstion, 1961
S2. gelected Refereaces for Earih Science Coursea, 1961

——  —

Price 10 cents each, but 5 cents when ordered {m quantities
of ten or more.

Wakefield, Dort, Jr., Directory of Geoscience Films, prepared for the
A+G.I. Visual Education Committee, ($1.00 U. S.)

Palevntology

Beertuwer, J,, Search for the Past, (Prentice-Hall Inc., Englewocod Cliffs,
N. J.) Prentice-Hall, 1960 \

Colbert, E. I's, Dinosaurs: Their Discovery and Their World, lst ed.,
Q (E. P. Dutton and Co., Inc., New York) Clark:, Irwin, 1961
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Easton, W. H,, Invertebrate Paleontology, (HKnarper and Row, N. Y.) Ccpp
Cla:k, 1960

Penton, C. L., and Penton, M. A., The Fossil Bousk, Doubleday, 1558

Howells, W. W,, Munkind in the Making, Doubleday, 1259

*Romer, A., Man and the Vertebrates, vol. 1 and 2, (Peilcan Books) Long-
manez Canada

Romer, A., Vertebrate Palaeontology, 2nd ed., (University of Chicago
Press, Chicago) University of Toronio Press, 1945

Simpson, George Gayloréd, Horses; the story of the horse family {n the
modern world amd tbhrorqh sixty million vears of history,
(Oxford University Pross, New York) Oxford

*Simpson, George Gaylord, The Meaning of Evolution, (Mentor Books, 501

Madison Ave., New Yurk 22) New American Library of Canada,
Toronto

Petrography

Moorhouse, W. W., The Study of Rocks in Thin Section, (iHarper Brothers,
New York) Musson, 1959

Pettijohn, P. Y., Sedir.:ntary Rocks, (Harper Brothers, New York) Musion,
1957

Pleistocene Geology

Chapman, L. J., and Putnsm, D. P., Physiography of Southern Ontario,
University of Toronto Press (Revision to be available early
1964)

Rough, J. L., Geolcpy of the Great Lakes, University of Illinois, Urbana
I11., 1959

Regional Geology

Clerk, T., and Stearn, C., The Geolozical Evolution of North America; A

Repionsl Approach to Historical Geology, (Ronald Pcess Co.,
New York) General Publishing, 1960
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Eardley, A., Structural Geology of North America, 2nd ed., (Harper and
Row, New York) Copp Clsrk, 1962

Kirg, P., Evolution of North America, Princetoa University Press, Prince-
ton, N. J.) S. J. Reginald Saunders, 1959

Statistics for Mineral Products

The Canads Year Book (latest edition)

* Dernotes paperback edition.
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PEND B
Sources of CGeological Materials, Teaching Suppiies
and Laboratory Equipment

BY CATEGORIES
Addresses of suppliera on pages 25 and 26

BLOWPIPES (For mineral determination)
Canadian Leboratory Supplies
Cave and Company Ltd.
Centrel Scientific Company
Eckert Mineral Research
Stratex

Ward's Natural Science Establishment

. CRYSTAL MODELS
Cutrock Engineering Co. l.td.
Dynacast Corporatinn
Eckert Mineral Besearch

Ward's Natural Science Establishment

FIELD EQUIFMENT (G:ological hammers, lenses, tu:.passes, tapes, etc,)
Gregory Bottley
P+ K. Dutt and Co.
Hughes Owens Co.
Keuffel and Esser Co.
Langridge Li{mited
Thos, Murby and Co.
Silva Limited

Stratex

Ward's Naturel Science Establighment

FEEY
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BOSSILS
Gregory Bottley

Bckert Mineral Research
Fossil Supply Co.
Geclogical Enterprises
Thos., Murby and Co.

Ward's Natural Science Establishment

GLOBES, MAPS AND MODELS
Canadian Aero Service
Denoyer-Geppert
Eckert Mineral Research
C. S, Hammond and Co.
G+ M. Hendry and Co.

Thos. Murby end Co.

MINERALS AND ROCKS
Gregory Bottley
Burnham Mineral Co.
The L, I. Cowan Minersl Company
Eckert Mineral Research
Geological Survey of Canada
Minerals Unlimited
Thos. Murby and Co.
Ontario Department of Mines
Scott-Williams Mineral Co.

Ward's Natural Science Estab)i{ghment

27
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Plastic Models of Dinosaurs to be asgembled by purchaser:
Write Eaton's of Canada
Also for surll models:

Write Louis Macvx and Co.

STREAK PLATES
Canadian Laborat>ry Supplies
Cave and Couwpany Ltd.
Central Scientific Company
Eckert Mineral Research

Criffin and George Sales Ltd.

ULTRA VIOLET SOURGES
Central Scientific Company
P. . Dutt and Co.
Eckert Minera) Research
Stratex
Ultra Violet Products

Ward's Natural Science Establishment

28
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Gregory Bottley,
30 nld Chucch Stree:,
London S.4W.2%, isgland.

Burnham Mineral Co.,
128 South Encinitas,
Monrovia, California.

Canadian Aero Service,
348 Queen Street,
Ottawa, Ontario.

Canadian Laboratory Suppliea,
80 Jutland Rord,
Toronto 18, Ontario.

Cave and Company Ltd.,
16 Rivalda Road,
Downaview, Ontario.

Central Jcientific Tompany,
146 Kendal Avenue,
Toronto 4, Ontario.

The L. I. Cowan Mineral Co.,
Cheltenhaw, Ontario.

Cutrock Engineering Co. Ltd.,
35 Ballarda Lane,
London N3, England.

Denoyer-Geppert,
5235-5259 Raver.~wood Avenue,
Chicago, Illinois.

P.K. Dutt and COey
1 and 2 Alfred Place,
London W.C.1, England.

Dynacast Corporation,
509 vandalia Road,
St. Paul, Minnesota.

Eeton's of Canada,
Toronto, Ontario.

Eckert Mineral Research,
Florence, Colorado.

Pisher Scientific Co.,
245 Carlav Avenue,
Toronto 8, Ontario.

as 25 -

ADDRESSES
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Fossil Eupply Co.,
6507 Sondra Drive,
Dallas 14, Texas.

Geological Enterprises,
Box 926,
Ardmore, Oklalioma,

Geological Survey of Canada,
601 Booth Street,
Ottawa, Ontario.

Griffin and George Sales Ltd.,
Ealing Road,

Wembly,

Middlesex, England.

C., S. Hammond and Co.,
515 Valley Street,
Maplewood, New Jeraey.

G. M. Hendry and Co.,
146 Kendall Avenue,
Teronto 4, Ontario.

Hughes Owens Co., hid
470 Yonge Street,
Toronto, Ontario.

Keuffel and Eeser C»,,
15 Civic Road,
Scarborough, Ontario.

Langridge Limited,
106 Richmond Street,
West Toronto, Ontario.

Arthur S, LaPine aud Company,
6001 South Knox Avenue,
Chicago 29, Illinois,

Louis Marx: end Co.,
21 Dundss Square,
Toronto, Ontario.

Mi{nerals Unlimited,
Ralph E, Merrill,

1724 University Avenue,
Berkeley, Caiifornia.



Thos. Murby &..d Ce,,
40 Museum Street,
London W.C.1, England.

Ontario Department of Mines,
Parliament Buildings,
Toronto 2, Ontario.

Scott-Williams Mineral Co.;
319 B. Indian Plaza,
Scottedale, Arizona.

Silva Linmited,
77 York Street,
Toronto, Ontario.

Stratex,
3515 Sunset Blvd.,
Los Angeles, California.

Ultra Violet Products,
5205 Santa Monica Blvd.,
Los Angeles, California.
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Ward's Natural Sclence Establishment,

P.0. Box 1712,
Roechester 3, New York.
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