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At the Copenhagen meeting of the International Mineralogical Asso-

ciation, a Commission on the Teaching of M'ineralogy was established.
The fi.rst meeting of the Commission was held in Washington, D. C. in

April 1962. At that t ime, one of the principal items of discussion was the

beginning course in mineralogy. How many hours are devoted to it in

lecture and laboratorv? What is its scope and content? How many min-

erals are studied? What is the average age of the students? These and
many other related topics were considered. Most of the members of the

Commission had ready answers and could speak with authority regarding

the manner in which mineralogy is taught in their respective countries.
As the representative from the United States, I was at a loss for answers

and could oniv guess at the content of the average course in the United

States. I know my American colleagues well enough torealize thev are an

independent group. The mere knowledge of the content of my own course

in no way makes it possible for me to predict the content of theirs. More-

over, according to the American Geological Institute Report oI 1962, the

number of institutions teaching some mineralogy is large, 228, and the

time devoted to the beginning course varies greatly.
In the hope that I could speak with more authority at the next meeting

of the Teaching Commission, I sent out a questionnaire early this year to

the 228 institutions teaching mineralogy in the United States. I am sure

that many of you here received one and to those who completed it, ma1'I

express my thanks. Knowing the almost universal dislike for filling out
questionnaires,I felt a fifty per cent return would be good.Iwas, therefore,

delighted to have 25 per cent returned by the end of one week and 72

per cent returned by the end of the second weekl Altogether, there has

been a 93 per cent return.

1 Address of the retiring President of the Mineralogical Society of America at the 44th

annual meeting of the Society at New York, New York-November 19, 1963, Mineralogi-

cal Contribution No. 410 Harvard Universitv.
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The rapidity with which the questionnaires were returned, the care
with which they were completed, the many unsolicited comments and
letters, and the almost universal request by the respondents that they
be informed of the results, indicated that interest in the teaching of
mineralogy is great. Accordingly, I decided to use the data obtained as

the basis for my talk to you this afternoon.
Concern over the teaching of an elementary mineralogy course is not

new. Since 1950, largely through the efforts of the Association of Geology
Teachers, many thoughtful papers on various aspects of the subject have
appeared in the Journal of Geological, Ed'ucation. In March, 1956, a
symposium on the Teoching oJ El,ementary Mineralogy was held at West

Virginia University, and the results published in the Journal of Geolog'ical
Edwcation later that year. More recently (June, 196i) a workshop was
held at the University of California at Davis to evaluate the elementary
courses in mineralogy as taught in California and to make recommenda-
tion regarding their teaching. A report summarizing the results of this

workshop was issued by the California State Department of Education
(1961). Those of you familiar with these papers wil l discover shortly that
I am sympathetic to most of the ideas presented in them.

RBsums ol rHE QuesrroxNernn

Let us first consider the results of the questionnaire which give a gen-

eralized idea of the present-day mineralogy course. We learn that min-

eralogy is taught by Departments of Geology or Mineralogy and for

Geoiogy students. The only two exceptions are one Department of
Ceramic Engineering and one Department of Science. Although it is

largely students of Geology who take these courses, many institutions
draw students from other disciplines. In order of decreasing numbers

they are from chemistry, metallurgy, physics, agronomy, ceramic engi-
neering and a scattering of others.

Some of the larger and more technical institutions offer two or three
courses of beginning mineralogy each slanted to a different group of stu-

dents. When more than one course is offered, the most comprehensive is

for the geology majors.
From the answer to the question "What has been the average number

of students taking the course during the past f ive years?", we find that
classes are not large. The number of students varies from 1 to 160 but the
median is between 10and 11 (Fig. 1). Most of these students are Sopho-
mores and Juniors with virtually no Freshmen and only small numbers of

Seniors and Graduates.
For those institutions answering this question, the combined total of

students taking mineralogy has averaged 2,550 a year for the past five
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years. Extrapolating to include both those institutions not answering

this particular question and those not returning the questionnaire, we

arrived at a figure of nearly 3,100. Thus, in the United States at the

college level, more than 3,000 students a yeat are introduced to the sub-

ject of mineralogy.
There is a great variation in the amount of t ime devoted to the begin-

ning course which ranges from one quarter to over an academic year' The

elementary course is covered in one quarter by 10 per cent of the institu-

tions, one semester by 51 per cent, two quarters by 7 per cent and a full

A C A D E M I C  R A N K  P E R  C E N T

F R E S H M A N  I
SOPHOMORE 47
J U N I O R  4 0
S E N I O R  8
G R A D U A T E  4

r6 -20
2r -30

3l-40 4t-70

NUMBER OF STUDENTS PER CLASS
AVERAGE 1959 -  I 963

Frc. 1. Number of students per class. Average for years 1959 1963.

academic year, two semesters or three quarters, by3l per cent. However,

these figures are not meaningful unless considered in conjunction with the

number of hours of lecture and laboratory. For example, some one

quarter courses have more hours of instructions than some two semester

courses (Fig.2). In each of the four groups, the maximum number of

hours of instruction is well over twice the minimum, and in three of the

groups the maximum is over three times the minimum. Thus for the be-

ginning course in mineralogy hours of instruction vary from 30 to over

250. The median is 90 contact hours.
About one third of the institutions conduct field trips that are required

and another third ofiers optional field trips. Although there are many ex-

ceptions those courses having the greater number of hours of lecture and

Iaboratorl ' tend to have field trips, thus further increasing the disparity

between the amounts of instruction.
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O N E  Q U A R T E R

O N E  S E M E S T E R

TWO QUARTERS

F U L L  A C A D E M I C
Y E A R

<40  4 t -  6 l -  8 t -  t o r -  12 r -  r 4 t -  16 r -  t a t -  201 -  >220
60 80 ro0 t20 t40 160 r80 200 220

H O U R S  O F  I N S T R U C T I O N  _  L E C T U R E S  A N D  L A B O R A T O R Y
M E D I A N  9 0  H O U R S

Frc. 2. Hours of instruction-lectures and laboratorv. Median 90 hours.

Answers to specific items on the questionnaire are as follows:

Blowpipe Tests
Are they used? Yes-63; No-37 per cent

Wet Chem'ical Tests
Are they used? Yes-53; No-47 per cent

Prerequisites

Chemistry? Yes-81; No-19 per cent
Geology? Yes-60; No-40 per cent

At 66 per cent of the institutes, at least one year of college chemistry is
prerequisite; another 15 per cent require lesser amounts. The traditional
l inks of mineralogy with geology and chemistry, seem, on the whole, to be
preserved. However, it is surprising that nearly half of the institutions
use no chemical tests.

How many minerals studied?

The number of minerals reported as mentioned in lectures has l itt le re-
lation to the number of quarters or semesters or to the hours of lecture.
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THE ELEMDNTARY COURSE

LABORATORY O N E  Q U A R T E R

O N E  S E M E S T E R

TWO QUARTER
FULL ACADEM[C

Y E A R

<40 4t-  6 l -  8 l -  lo l -  tz l -
60 80 loo 120 140

N U M B E R  O F  M I N E R A L S  S T U D I E D  D U R I N G  T H E  C O U R S E
R A N G E  3 0 - 3 4 O  M E D I A N  I O O

Fro. 3. Number of minerals studied during the course. Range 30 340. Median 100.

Furthermore, over 10 per cent of the returns gave no figure for the min-

erals considered in lectures. More significant is the number of minerals

studied in the laboratory where specimens can be handled and their

properties determined. Of the minerals reported studied in the labor-

atorv, the highest f igure was 340, the lowest 30 and the median approxi-

mately 100 (Fig. 3).
All but 2 per cent of the courses use a standard textbook. Although I

would have been greatly interested in the answers, I refrained from ask-

ing "Which textbook?" Twelve per cent use a separate laboratory

manualland 56 per cent use determinative tables for mineral identif ica-

tion.
Extent of use of crystol' chemicol concePts

Chief basis for descriptive mineralogy

Use extensively.
Is introduced as a separate toPic.

No use made.
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It thus is apparent that the plea in 1956 by the National Association of
Geology Teachers for the wider use of crystal chemical concepts has been
heeded, and that mineralogy is largely taught on a foundation of these
ideas.

CnvsrerrocRAPHY

Morphologicai Crystallography is an integral part of 94 per cent of the
elementary mineralogy courses. In 3 per cent of the institutions, a sepa-
rate course in crystallographv is offered as prerequisite to mineralogy and
at only one per cent of the institutions is crystallography completely
omitted.

The hours of lecture and laboratory concerned with morphological
crystallography vary greatly (Table 1). In general the fewer the hours de-
voted to the whole course, the higher the percentage of the time devoted
to crystailography. Apparently most instructors are wil l ing to sacrif ice
other aspects of mineralogy to include a certain minimum of crystal-
Iography.

Tnnr,r 1. Trun SpnNr oN Monpnor,ocrce.r Cnysra,r,r,ocRApHy

Lecture Hours Laboratory Flours

Range Average t/6Time Range Average /6Time

One Quarter
One Semester
Two Quarters
Full Year

8 2 6
10 27
13 23
14 19

0 1 5
o-24
3-24
2-28

4,40
0-48
4-30
0-96

I J

15
2 1
26

29
28
2+
19

Considering all the courses, the median is 11 hours of lecture and 13
hours of laboratory for crystallography. Since the median for the course
as a whole is 90 contact hours, crystallography consumes about one-
fourth of the time. From Table 1. we see also that the average percentage
of time spent on crystallography is about 25.

Symmeh'y

Are students held responsible for its recognition? Yes 99; No-1 per cent

H er mo nn-M o u gu i  n S ymbols

Are they used? Yes 63; No 37 per cent

Crystal Classes

How many classes are covered? The number of crystal classes considered varies from
2 to 32, the median being 15. However, in one-third of the courses, all the 32 crystal classes
are covered.
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Designation oJ erystal forms

By name only-4 per cent

By Miller indices only-S per cent

By both name and Miller indices-9l per cent

Krantz uood.en mod.els or equitalent

Are they used?
Are they used exclusively?

Supplemented with natural crystals?

Cry slal'lo gr op hy Lab or ator y M anual,

Is a separate manual used?

InterJacial angles

Are they measured? Yes-70; No-30 per cent

How are they measured?

Contact Goniometer-61 per centl Optical goniometer-9 per cent

Crystal, Projeclions

Do students make them?

Type of projection?

Structure mod'els

Are they used?

Do students construct them?

X ray techni.ques and PrinciPles

Are they introduced?

Are photographs or strip charts

O ptical crysldlogr aPhy

Is it introduced? Yes-44; No-56 per cent

In approximately 25 per cent of the courses, both thin sections bnd

immersion techniques are discussed.

Ttto "AvBnecE" CouRsE

After reviewing the results of the questionnaire, we can say with con-

siderable assurance what was suspected at the beginning; there is no uni-

formity to the elementary mineralogy course. Had some questions been

phrased difierently or others asked, the results possibly would have been

more meaningful but certainly not more uniform. If we take what the

majority does as being average, this course can be summarized as f ollows:

It is a one semester course with two lectures and four hours of labor-

atory a week taught to 10 Sophomore and Junior geology students. With

a prerequisite of chemistrl ' , crystal chemistry is extensively used as a

Yes-98; No-3 per cent

Yes-7 per cent

Yes-91 per cent

Yes-10; No-90 per cent

Yes-56; No-44 Per cent

Stereographic used bY nearlY all

but the gnomonic is introduced

bY a few.

Yes-82; No-18 Per cent

Yes-29; No-71 Per cent

Yes-73; No-27 Per cent

interpreted? Yes-25; No-75 Per cent
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basis for descriptive mineralogy. Blowpipe and wet chemicar tests are
used for the studv of 100 mineral species. Determinative tables found in
standard textbooks are used for mineral identif ication.

About one-fourth of the course is devoted to crystallography. In the
study of crystal morphology wooden models and natural crystals are
used on which interfacial angles are measured with a contact goniometer
and then projected stereographically. International symmetry symbols
are use, f ifteen crystal classes are considered, and forms are indicated by
both names and Miller indices. In considering the structure of crvstals,
structure models are used and x-ray techniques and principles are dis-
cussed.

This then is the "average" course; but is it the best course? Of all the
many branches of the geological sciences, mineralogy is probably the
most fundamental. rn their speciali zed areas the petrologist, the economic
geologist, the geochemist, the sedimentationist are all practicing min-
eralogists. The structural geologists, the geomorphologists and the geo-
physicists are also concerned with minerals and the way they respond
in various physical and chemical environments. Frequently the only min-
eralogy per se to which these specialists have been exposed is the ele-
mentary mineralogy course. Does a one semester course of 90 contact
hours permit sufficient time to build an adequate mineralogical back-
ground? I believe it does not, particularly if we are to allow some time to
make excursions into other fields. This is desirable not only to point up
the dependence of mineralogy on other disciplines but also to demonstrate
mineralogy's contribution to them.

Wnar Snouro WB Tsecu?

The excellent course as taught a generation ago wil l not be even a good
course to-day unless new materiai has been added. As the science grows,
we must grow with it. But if we add material as it comes along, some-
thing of the old must go if the time available for presentation remains
the same. Much that is old is sti l l  good and we must not omit it merely
because it is old. on the other hand, we should not add material merely
because it is new. Each new techniq'e, concept, and idea shourd be care-
fully weighed and the question answered-will it add more to the overall
understanding of minerals than the old material sacrif iced to permit its
in t roduct ion ?

From the results of the questionnaire, it appears that the teachers of
our "average" course have made an effort to maintain this balance. Some,
I feel, sti l l  teach the course of thirty years ago with l ittre change. This is
done by a few as the result of considered judgment; they are convinced
this is the best course. A larger group, r believe, teach a course as was



TIIE ELEMENTARY COURSE

taught them because it 's the most effortless way to do it. They may argue
that the new concepts are much too advanced for the elementary
student. In many such cases, if the instructors were honest with them-
selves, the answer would be that the concepts are too advanced for the
instructors. The beginning student has no basis for comparison. What-
ever is presented to him by his professor-This is Mineralogy.

At the other extreme, there is a small group of instructors who accept
the idea that everything that is new is good and must be introduced into

the elementary course at the expense of practically everything that is

old. Their courses can scarcely be recognized as mineralogy. In a way'
mineralogy is unique in being the meeting place of other sciences. Phys-
ical and chemical principles are used but the mineralogist should not try

to outdo the physicist or chemist. The world wil l be the poorer if the
mineralogist loses his identif ication lr ' i th natural science and geology. As

teachers of mineralogy it is our function and duty to preserve this re-
lationship.

What should be included to-day in the elementary course? First, we
should stress recognition and determination of the common minerals.

This should be the core of every course and for it most of the old methods

sti l l  have a place. To know the minerals one must handle them-as many

as possible, examine them carefnlly, and glean all the information pos-

sible from them with pocket knife and hand lens. By the end of the course
100-150 minerals should be recognized as old friends by their physical

properties or simple tests.
For 100 years the blowpipe has been a major tool for mineral identif ica-

tion. Although it has been abandoned in many institutions in favor oI
more sophisticated determinative methods, it is sti l l  used by the majority.

This is good, for the blowpipe has not outl ived its usefulness. It has a
place in modern mineralogy that is not taken by the polarizing micro-

scope or the r-ray camera. Minerals are chemical elements or compounds
and their chemistry is their most important property. Thus for the be-
ginning student, the blowpipe serves not only as an excellent determina-

tive tool but keeps the chemistry constantl l, before him. For example, he

learns that an unknown mineral is a sulfate containing strontium. When
he tracks it down, it has been brought home to him that strontium sulfate

is celestite. This is a much more rewarding experience than arriving at a
name by looking up a series of numbers in a table that to the student has
no relation to any of the obvious properties of the mineral. It is frequently

the quickest method as well. If more advanced methods of mineral deter-
mination are used at an early stage, the student may come to rely on

them so completely that he may never again look crit ically at the speci-
men he is trying to identify. The teaching methods should call attention

235
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to the easily observed properties, not obscure them. In this age of high
speed computers, the student may feel he is using advanced methods if
he can feed information into a machine and have the answer appear on
the print-out. We should do this in a way. Feed the information into the
computer-the student's head and come out with the answer.

It is my firm conviction that traditional methods of mineral study
should be used in the elementary course. If this is done, the student who
has this as his only mineralogy wil l have been taught the fundamental
properties that will enable him to recognize minerals in the fieid. And
those intending to take more advanced courses will have established a
firm foundation on which to base them.

There is no instructional substitute for observing minerals in the field
in their natural environments. A plea for this was made by Landes in his
Presidential address "Geological Mineralogv" delivered before the
Mineralogical Society of America in 1945 (Landes 1946). More recently
papers by Heald (1956) and Roy (1957) emphasize the desirabil ity of
this approach. The results of the questionnaire show that over one-third
of the courses have neither required nor optional field trips. This is un-
fortunate, for only by seeing minerals in association with each other can
the student gain a proper understanding of the interplay of the geo-
Iogical and geochemical processes that gave rise to them. It is here that he
learns that mineralogy is not a completely separate segment of earth
science, but is closely integrated with geochemistry, petrology, ore de-
posits, and sedimentologv. Whether or not minerals can be seen in the
field, they should not be studied as isolated phases but rather in asso-
ciated suites. This is not only valuable from the paragenetic viewpoint,
but also as an aid to identification. We recognize minerals, as we do
people, by the company they keep.

The approach to crystallographv to-day is and should be different
from that of 50 years ago since so much has been learned regarding in-
ternal structure. Nevertheless, the study of crystal morphology need be
litt le changed. On the basis of symmetry, crystals classes should be de-
fined and grouped into crystal systems. Forms should be named and
Miller indices assigned to them. The use of well-formed crystals in min-
eral identification should be stressed.

In spite of the fact that crystallography is an exact science, it has at
the elementary level been treated in a qualitative manner. There is an in-
creasing tendency, and quite properly so, to make it more quantitative.
The proportion of students who are measuring and projecting crystal
angles and using them to calculate axial ratios is much higher today than
formerly. The reason for this is not merely to put more rigor into the
course, but now an axial ratio, calculated from morphological measure-
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ments can be compared with the structural axial ratio. This comparrson

usually shows them to be in good agreement and brings home to the

student the fact that the faces and angles between them are the outward

expression of the structure.
In teaching elementary crystallography, it is important that the

most generally accepted names and symbols be used at the beginning.

These are, for the names of the crystal classes, those proposed by Groth;

and for symmetry, the international symbols. Oversimplification and

overgeneralizationis not a kindness. If this is done and the student later

undertakes a study of  crysta l lography in a more r igorotrs  manner,  he

finds he must unlearn a great deal.
There is much that the elementary course includes or should include

that was not taught a generation ago. This material is more concerned

with ideas leading to a fundamental understanding of the properties of

minerals than with methods and techniques. Most of these concepts de-

rive from our increased knowledge of crystal structure and are embodied

in the relatively new science of crystal chemistry. In them the student

can discover most satisfying explanations of many of the problems that

baffied mineralogists only a short time ago. Polymorphism, ionic substi-

tution, and solid solution become meaningful. The relationship of the

physical properties of specific gravity, hardness, and cleavage can be

understood in the light of internal structure and chemistry. The classifi-

cation of minerals, particularly of the silicates, is given logical explana-

tion.
For the average student to grasp quickly the ideas involved in crystal

structure and crystal chemistry, he should see and handle atomic pack-

ing models. Word descriptions and photographs are but poor substitutes

for the models themselves. With a few well-chosen models, chemical bond-

ing, ionic radii, ionic substitution, coordination, and structure-type are

graphically demonstrated. Better sti l l  i f t ime and materials permit, the

actual construction of a simple structure-type model will fix these prin-

ciples firmly in the student's mind.
According to the results of the questionnaire, nearly half of the courses

taught in the U. S. make extensive use of crystal chemistry, and I am sure

the students have a better understanding of mineralogy as a result.

When a student completes the elementary course' he cannot be con-

sidered a trained mineralogist. I{owever, it is our duty and responsibility

at even this early stage to try to interest the good student in mineralogy

as a life work. In fairness to him we must point out the various oppor-

tunities for employment. Some, of course, will become teachers but teach-

ing openings are becoming scarce in mineralogy. Most mineralogists in

training must look forward to working for industry or in a private or

237
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government sponsored research laboratory. The student's f irst question,
then, is l ikely to be, "What does a mineralogist do in such a capacitv?"
When we face this question squarely, we find that a high percentage of
trained mineralogists are working on high temperature-high pressure
phase equil ibria, crystal growth, and mineral synthesis. Is it possible to
introduce a l itt le of each of these into the elementary course? I believe it
is and without consuming too much time.

We probabiy cannot teach much about phase equil ibrium diagrams,
but we can demonstrate the inversion of one polymorphic form to an-
other. For example, mercury iodide (HgIr) melted (m.p. 259' C) on a
microscope object glass wil l, on cooling, crystall ize as the yellow ortho-
rhombic form, which wil l invert at !26o C to the red tetragonal poly-
morph. Also, crystals can be grown without elaborate equipment follow-
ing procedures similar to those outlined in Crystals and, Crystal Grou'ing
by Singer and Holden (1960). Crystal growing projects can be assigned
to be carried out on the student's own time with a report on his findings
due at the end of the term.

High temperature-high pressure synthesis is more diff icult but it can
be done as a demonstration if a simple ladies bomb is available. The in-
structor can show the amounts of the various ingredients being weighed
out, seal the bomb, and put it in the furnace. Toward the end of the term
he can let the class see the opening of the bomb, view the results, and
write a report on what happened. If the course is taught at a university
where research in high pressure high temperature s1'nthesis is being
carried out by graduate students or others, the problem is simplified for
the instructor. Arrangements can be made for the class to visit the labor-
atory where the experiments are made and have the researcher conduct
the demonstrations.

It is important that the elementary student be aware not only of the
type of work a mineralogist does but also of the methods and instru-
ments he uses in advanced study. At the appropriate times during the
course, demonstrations or explanations should be given of magnetic and
heavy Iiquid mineral separation and difierential thermal analysis. The
student should be introduced to the polarizing microscope and told of
what can be accomplished with it by a person skil led in its use. Since the
results of r-ray study have so revolutionized mineralogical thought, every
student should be aware of them. He should not only be made conscious of
their existence but also should be told what information can be obtained
by using different methods. Litt le can be gained by having him use the
instrument he doesn't understand. But he wil l benefit greatly from a
demonstration of how it is used. The interpretation of strip charts or
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powder fi lms wil l give him both a sense of accomplishment and a feeling of

having been init iated into a technique that stands at the frontier of the

sclence.

How Snour-o We' Ioacn?

I have outl ined briefly what I feel should be taught in the elementary

course. How to teach it presents a more diff icult problem. Perhaps the

best guarantee of the success of an instructor is his spontaneous enthusi-

asm for his subject. Minerals in the field and hand specimen are aestheti-

cally pleasing and their identif i.cation is a stimulating chaliange to the

student's ingenuity. The occurrence, extraction, and use of minerals is a

fascinating human document. Thus to gain the student's interest it is

necessary only for the instructor to avoid obscuring the intrinsic attrac-

tiveness of the subject by stuffy pedagogy. Many a good student has been

attracted to the field by a fascinating course in elementary geology, only

to be turned away by a poorly taught course in mineralogy. Elementary

mineralogy can be made interesting without sacrif icing quality; indeed,

the quality can be enhanced by so doing.
A generation ago many mineralogy courses consisted largely of the

memorization of isolated facts about different minerals. As a result thel'

were dull and the student maintained an interest not because of the in-

struction but in spite of it. We are fortunate in that to-day we have in

crystal chemistry an exciting approach to the subject as a whole. It serves

as a unifying thread joining the many facts of descriptive mineralogy

that often appear quite separate and unrelated. It not only ties together

the properties of a single species but, as recently pointed out by Gil lerman
(1962), gives a new dimension to mineral genesis and association. Inter-

est in any course can be generated by the early introduction of crystal

chemistry concepts and maintained by their continued use'

Not all mineralogy courses taught by our elders were dull '  We would

do well to consider them, for many of the things that were stimulating to

their students may be equally stimulating to ours' One of the great

American teachers of mineralogy was Charles Palache. He was disap-

pointed in the mineralogy course he took as an undergraduate. His per-

sonal notes say of it there was "nothing l iving about the subject; only

models, formulae, and drudgery." He made certain that his own course

would not be subject to the same crit icism. Although his students were

thoroughlv trained in fundamentals, the lectures were enlivened in many

ways. In addition to numerous anecdotes of his personal experiences,

there were descriptions of famous localit ies, stories of discovery and de-

velopment, genesis and association, and unusual mineral uses' I am sure
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there are many courses taught in the United States where the Palache
or similar influence still exists, and mineralogy is made to come alive with
the names of faraway places associated with the minerals found there and
the men who found them.

Because there is so much that is desirable to include in the elementary
mineralogy course, I feet that one semester with two lectures a week is
insufficient t ime to present it. Increasing the lectures to three a week in
many cases would permit introduction of new material while retaining
the best of the old. If, however, the time can't be increased, something
must go. What should be left out? This question has been answered
difierently by different instructors, but material omitted from the lec-
tures need not necessarily be omitted from the course. Certain parts of
the subject the student can learn on his own from the textbook and
selected outside reading. I agree with Faust (1956) that under these con-
ditions "The most vulnerable parts of the course,-wil l be those sections
dealing with topographical mineralogy and the economic aspects."

Most courses in mineralogy should make more use of homework. This
in no way increases the contact hours but has a most salutary effect on
the student. Problems should be assigned over which the student must
puzzle to find the answers. People may f orget facts, but they never forget
hard work. Homework problems can be given in many things, particu-
Iarly in the crystallographic portions of the course.

Throughout the course we must not lose sight of the fact that min-
eralogy is a natural science. Its increasingly close relationship to physics
and chemistry may terrd to obscure the fundamental difference in the
underlying philosophy of mineralogy from that of physical sciences. The
mineralogist starts with a crystal as an accomplished fact and from this
imperfect reality works toward generalizations regarding structure and
properties. The physicist and chemist do the reverse. They work from an
idealized picture of perfect structure toward assumed properties, rarely
borne out by experience or experiment. A further dif ierence arises from
the great concern of the mineralogist for the genetic, historical, and eco-
nomic consequences of his findings, as well as from his different approach
to sources of information. The colrt of f inal appeal in mineralogy is the
earth's rockv crust itself, rather than the controlled laboratory experi-
ment. This difference is a wholesome one and has much to ofier the
student in a philosophical sense. Many a student awed by the profound
mathematical generalizations and complex technology of physics and
chemistry, f inds meaning and understanding in physical and chemical
princ;ples, in a well-taught course in mineralogy. As teachers of such a
course, in our concern with atoms, chemical bonds, and space lattices, we



THE ELEMENTARY COARSE

must not become insensitive to the imaginative appeal of the world of

minerals that l ies in ordered beautv beneath our feet.
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