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GEOLOGY'S DEBT TO THE MINERAL 
INDUSTRY~ 

O r  recent yearn it has come to be acknowl- 
edged more and more Chat the science of geology 
has done and is doing much to advance the 
mineral industry. On the other hand, it may 
be of interest to consider briefly what bearing 
the industry has had on the advancement of 
the science. I n  what state of development would 
geology now be were it not for ithe assistance 
it has received from the mineral industry? 

I n  the earlier ages of man the chief interest 
taken in the components of the earth's orust, 
in most regions, was, doubtless, chiefly what 
may be cailled an economic one. Suitable speci- 
mens of flint and other rocks were sought for 
the manufacture of weapons and utensils. The 
soft oxides of iron and other paint materials 
would also early attract attention. I n  volcanic 
and earthquake regions other interests would 
be aroused. Gradually a knowledge of the use 
of metals would be developed and mekhods of 
extracting certain of !them from the ores would 
#be discovered by accident. I n  later ages the 
economic interest became swbordimte to the 
philosophical. For many centuries Zittle prog- 
ress oould be made in  a proper knowledge o.E 
the earth's crqst until restraining prejudices 
were gradually thrown aside. I t  was only at 
the close of the 18th century that the struggling 
science began to make real progress. What-
ever may be thought of the relative merits of 
the so-called Keptunists and Plutonists of that 
time, it cannot but be admitted that Werner 
was largely responsilble for creating a keener 
and more widespread interest i n  the propel. 
study of the earth's cru& than had existed prior 
to his day. S n d  this interest was aroused 
chiefly through his sho.rving that a knowledge 
of the structural relations of rocks could be 
applied to economic purposes. Thus, in what, 

1 Address o f  the vice-president and chairman 
o f  Section E--Geology and Geography, American 

for the of 
Boston, December, 1912. 
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is acknowledged to be the very beginning of 
the science of geology as  distinguished from 
cosmogony, credit has to be given to the mineral 
industry. S o  less an authority than Lyell 
makes this acknowledgment when he says in 
the Principles : "The phenomena observed in 
the structure of the globe had hitherto served 
for lititle else than to furnish interesting topics 
for philosophical discussion : but when Werner 
pointed out their application to rthe practical 
purposes of mining, they were instantly re-
garded by a large class of men as an essential 
part of their professional education, and from 
that time the science was cultivated in Europe 
more ardently and systematically." And Sir 
A. Geikie has said '(the devout Wernelian put 
mines before mountains as a field for geological 
investigation." 

-4s further illustrating the fact that fhe 
founders of geology were much interested in 
the application of the science, the case may be 
cited of the ('father of geology," William Smith, 
who lamented "that the theory of geology was 
in the possession of one class of men, the prac- 
tice with another." Another example is that 
of Logan, usually eonside~.ed to be the father 
of pre-Cambrian geology, who said of himself: 
"For many years of my life engaged in the 
active pursuits of a practical miner for coal, 
and a practicai smelter of copper from ilts ores, 
my connection with geology relates more to the 
application of materials." 

well-known trait in human natu1.e is that 
when people have become wealthy, especially 
if they have inherited their wealth and taken 
on airs more or less aristocratic, they tend to 
look down on trade and tradesmen. The same 
characteristic is observed among geologists. 
Although the science owes so much to its em-
nomic aspeots, there is a tendency among many 
men to avoid having anything to do with the 
applications of the science. This does not apply 
so much to geologists in North America as to 
those in older countries, 'but even on this conti- 
nent there is a tendency to make two groups, 
"economic geologist^'^ and "geologists." 

The tendency in some countries is exempli- 
fied by the case of a well-known professor, who 
was even a lecturer in a school of mines. I n  
referring to the dangers to be encountered in 
economic geology he is quoted as saying "You 
cannot touch pitch without some of it sticking 

to you." Another distinguished geologist con-
sidered it to be infra dig for a colleague to give 
advice on water supply. I n  another case, a 
well-known geologist was told by his colleagues 
that i.t was not seemly for him to become an 
officer in a mining society. Further, is it not 
a fact that if geological papers are published 
by mines departments, or by mining journals, 
t3hey usually become known only to those in- 
terested in the applied scienoe? Many geolo- 
gists appear to avoid reading anybhing that is 
published under the heading of mines and min- 
ing. 
h recedt writer, referring to work of geo-

logical surveys, says that they do provide for 
some research in pure science, and the by-
product of pure science from both pwblio aad 
private work is large, This illustrates the 
mental attiltude which too many geologists have 
toward government suryeys. Are the scientific 
results obtained from the work, undertaken pri- 
marily for economic reasons by the U. 8. Geo-
logical Survey, in the Lake Superior region, 
for instance, not entitled to be considered more 
than mere by-products? 

Spropos of the prejudice against economic 
work, R. W. Brock has said "Geology started 
as economic geology . . , [But later] it  
became infra dig for a geologist to do any- 
thing that would be of value to anybody. He 
would no more think of applying geology to 
practical purposes than an artist would of con-
trading to paint an advertisement. . . . 
I remember rhen  I was leaving ithe European 
university where I had been studying, the old 
professor under whom I studied said to me, 
"You are going to America, you will be in 
great temptation; I know they will t ry to make 
use of you in mining; whatever you do, have 
nothing to do s~ i theconomic geology." 

The advantages accruing to pure science from 
work undertaken chiefly in connection with the 
mineral industry is well illustrated in the Lake 
Huron-Lake Superior region. While Logan 
made a good start in unravelling the age rela- 
tions of the Canadian pre-Ca~mbrian rocks, he 
and his assistants were succeeded by men mod 
of whom have been described 'by Van Bise, as 
regards the work of the pre-Cambrian, as "chro-
matic" map makers, the l.ocks being mapped 
largely according to their colors and not accord- 
ing to their age and structural relations. Little 
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progress was made for many years af ter Logan's 
time, or not until some time after the discovery 
of important ore (bodies a t  Sudbury and later 
a t  Cobalt and Porcupine. The finding of gold 
in the extreme western part of tihe Province also 
led to some important work there. If it  h ~ d  
not been for &he discovery of these valuable 
mineral deposits in the pre-Cambrian of On-
tario, 4t is doubtful if much more would now 
be known regarding lthe age relations of these 
rocks than was known in Logan's time. Not 
long after Logan and his assistants ceased work 
in the pre-Cambrian tihe science of petrography 
arose. This science attracted many students 
of geology who ~ o u l d  otherwise probably have 
done work on (the stratigraphy of the pre-
Cambrian in Canada. But the fascination of 
the new branch of science caused work in strati- 
graphy in regard to these most ancient rocks 
to be neglected. The students of petrography 
were interested in the minute sjtructure of rooks, 
especially those of an igneous nature, and paid 
little or  no attention to the age relations of the 
great masses of more or less metamorphosed 
sediments on which the hidtory of the pre-
Cambrian is so largely tksed. 

But, w-hile for many years af.ter Logan's 
time little progress was made in the study of 
the Canadian pre-Cambrian, good work was be- 
ing done on the Unikd States side of Lake 
Superior by Pumpelly, Irving, Van Rise and 
others whose names will always (be associated 
with the history of \the development of these 
rocks. While the Ontario side was in darkness 
the lamp was kept burning on the Bmerican 
side, chiefly owing to the great copper deposits 
of Michigan and the iron mines of ithat and 
adjacent states. 

Thus, were it not for the mineral industry in 
these Lake Superior States, probably even there 
little advance would have been made in the 
study of the pre-Cambrian beyond what was 
known in Loganls$me. Iit was only the min- 
eral industry that brought bhe expenditure of 
quch large sums of money on both sides of the 
boundary in connection with the study of the 
pre-Camlbrian. I t  is owing to the work of a 
large number of men, provided with excellent 
facilities, during the period of seventy years 
or more that progress has been made. It is 
fo r t~na te  for the science that these old rocks 
contain mineral deposits of exceptional value 

and interest-the great& iron deposits, the 
greatest niakel deposits, and some of the great- 
est copper, silver and gold deposits that have 
ever been discovered in any country. 

Referring to the Ontario side of the boundary 
it may be said that a t  Sudbury a knowledge of 
pre-Cambrian sltratigraphy was not so import- 
ant from an economic point of view as was the 
distribution and mature of the igneous rocks, 
more especially the norite, but a t  Cobalt much 
depended on stratigraphy, while a t  Porcupine 
and Kirkland Lake stratigraphy was again not 
so importlant. It may be of interest to add 
that one important result of the work, during 
recent years, in these mining areas has been 
the proving that the commonly accepted dual 
classification of the pre-Cambrian into Pro-
terozoic and Srcheozoic has no basis in fact 
and should be discarded. There are a t  least 
three major groups among these rocks. 

The assistance which geology has received 
from the mineral industry is no better illus-
trated anywhere than in South Africa. I n  the 
early days of settlement in Cape Colony bhe 
existence of payable minerals was unknown, 
and the pioneers had difficulty in  making head- 
way with nothing valuable a t  hand for export 
or  exchange. The discovery of diamonds in 
1810 brought about a rapid change in condi- 
tions, as did also the discovery of gold in later 
years in the Transvaal. Had it not been for 
the discovery of the unsurpassed mineral tie- 
posits in the southern pale of the continent 
the Boer farmer would still be occupying it in 
practically a pristine state. Is not the science 
of geology greatly indebted to the mineral in- 
dustry in that part of the continent? Were 
it not for mining, the character and the wide 
distribution of those wonderful intrusives, the 
diamond "pipes," would have remained un-
known in our time and for long after. Then, 
again, what a marvellous series of 'ancient sedi- 
ments has been brought to light in the greatest 
gold field ever known, that of the Witwaters- 
rand. Were it not for mining operations ex- 
tending to great depths and laterally to great 
distances, the nature of these sediments, and 
especially of the comparatively thin beds of 
conglomemtes, could never have been de-
termined. Certain of these beds of conglomer- 
ate, that are the most impodtant from a gold 
miner's point of view, have been proved to be 
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the most persistent beds of the kind known i n  
the world. But it  must be borne i n  mind that 
no similar bed hdas ever offered the same in-
ducement fo r  complete investigation. The 
comparatively thin bed known as  the Nain Reef 
Leader has been proved to be practically con-
tinuous over a distance along the strike of a t  
least forty miles and probably has a correspond- 
ing extension in the direc'tion of the dip. I t s  
nature could not possi~bly h a w  been ascertained 
mere it  not fo r  the extensive mining excava-
tions and the numerous bore holes that have 
been pu t  down over a large area in  the search 
for  productive gold-bearing rock. 

These sediments, with which are associated 
the gold "reefs" or beds of conglomerate, have 
a thickness in  the central par t  of the Rand of 
about 25,000 feet. While the research work 
which has been done on them was undertaken 
chiefly f o r  economic reasons, it can be said 
that no great thicknesses of sediments, fossili- 
ferous o r  o t h e l ~ i s e ,  have been studied more 
fully than have 'these which are considered to 
be of pre-Cambrian age. 

The origin of the gold is such a n  important 
factor, both from the economic and  the scien- 
tific point of view, that the sediments have had 
to be studied with unusual care. Later workers 
on  these ore deposits appear to be pretty xvc.ell 
agreed that the gold was laid dovn with the 
conglomerate, forming a placer, 'but has since 
been clissolved and re-preoipibated. Tilere it  
not fo r  the economic importance of these rocks 
comparatively liittle rrould ever have been 
known about thenl. The character and origin 
of the remarkable beds of conglomerate and 
other features which belong t o  pure science 
would never have been determined. The same 
may be said of many other mining areas. 

Another striking example of what the mineral 
industry has done and is doing to assist in 
bringing about a knowledge of the geological 
structure of remote and isolated regions is that 
of the petroleum geologist, who is often more 
or less maligned. A knowledge has been ob- 
tained of the fossiliferous rocks i n  remote parts 
of South America and in other parts  of the 
world thyough the work of petroleum geologists 
~ i t h i n  a comparatively few years that other- 
wise would have taken decades. The correct- 
ness of the conclusions of these geologists con- 
cerning the age and structural relations of 

these rocks is usually proved o r  disproved in 
a short tirne. 

It will be acknowledged that Geological Sur- 
veys, supported by  governments, have done 
more for  the methodical study and mapping of 
wide areas than has any other agency, and 
there would be few, if any, of these surveys 
were it  not that they are supported primarily 
with the object of describing and developing 
mineral yesources. Even the greatest of Geo-
logical Surveys, that of 'the United States, owes 
its origin chiefly to economic reasons. The late 
S. 3'. Ernmons has said that when the first 
Geological Surveys were established in the west 
the people had little conception of the advan- 
tages and uses of such a n  organization and a 
campaign of educa'tion of the popular mind was 
necessary in  order to demonstrate its practical 
value. F o r  ten or  twelve years such a demon-
stration was carried o n  by the Hayden, King, 
Wheeler and Powell Surveys, o r  geological ex- 
plorations, as they might more properly have 
.been denominated. Most of them appealed to 
the popular, as well as to the soientific, imagin- 
ation by their brilliant discoveries of such 
natural wonders a s  the geysers of the Yellow- 
stone, the canyons of the Colorado, and the 
laccolites of the Henry Mountains. The Geo- 
logical Exploration of the Fortieth Parallel, 
which alone planned t o  make a gedogical map 
of a definite and limited area, secured its ap- 
propriation from Congress on  the explicitly 
economic ground that i t  was necessary for  de- 
termining the character of the mineral resources 
of the mountainous regions to be made accessi- 
ble by  the recently aulthorized Transcontinental 
railroads. I n  furtherance of the plan of popu- 
lar education, Mr. King, its organizer and chief, 
pushed to immediate publication the economic 
results of the work, the study of actually de- 
veloped mines including the Comstock lode, set 
foi7th in a volume on Mining Industry which 
appeared in 1870, seven years before those em- 
bodying the more abstract scientific results 
xvhich had to wait the completion of the re-
searches of specialists. The final realization of 
the ultimate object that Ithe geologists of the 
Fortieth Parallel Exploration had i n  their minds 
during the ten p a r s  spent on that work came 
much earlier than had been anticipated, when 
in 1879 all existing geological explorations were 
consolidated into a permanent Geological Sw-
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vey, which was organized as a bureau of the 
Interior ~ e ~ a r t m e n t ;  and there is little doulbt 
that the practical demonstration of the utility 
of such work furnished by the Mining Industry 
volume had much effect in rendering Congress 
favorable to the new organization. 

A Canadian may be permitted to say that 
the geologists of the United States occupy a 
pre-eminent place in the world, and that the 
Geological Survey has had much to do in as- 
sisting them to achieve this premier position. 

From what has 'been said concerning the geo- 
logical work that has been done in the mining 
areas mentioned it seems difficulit to draw the 
line between so-called economic geology and the 
pure science. Because a geologist is working 
out the age and structural relatibns of the rocks 
in a mining area, primarily with the object 
of aiding the mineral in'dustry, is there any 
reason to (believe 1t.h'at he has less love for the 
science or is less enthusitastic in its promotion 
than is one who spends his time studying the 
rocks in areas which are of no economic im- 
portance ? ,Moreover, does not a man who works 
in an area where extensive mining operations 
are being carried on obtain more facilities for 
arriving a t  a proper understanding of the 
problems than he would if no mining was in 
progress? Undoubtedly some men find i t  more 
pleasant to work in areas that are free from 
economic problems. One of the older wsiters 
has said, "There may not always be found a 
geologist willing to turn avay from his de-
lightful studies to avert the ruin which can 
only fall on those who disregard the plainest 
truths of geology." 

Cosmogony and geology both have had what 
may be called theological affiliations. While, 
on the one hand, the progress of geology was 
retarded by theological prejudioes, on the other, 
theological controversies tended to popularize 
the science. The popularity of works such as 
those of Hugh Jiiller and Sir J. W. Dawson 
depend to a large extent on the fact that they 
deal with geology in its relation to theology. 
There was scarcely a Scotchman in the genera- 
tion which has just passed away ithat had not 
heard of Hugh Miller and read some of his 
works. Even to this day a g ~ l o g i c a l  visitor 
to lonely Highland glens is Likely to meet with 
a workman or peasant +ho is surprisingly well 
read in certain features of geology. Probably 

one c'itieism that could be made of the geolo- 
gists of the present day is ithat they do not 
do nearly so much to popularize their science 
as did their predecessors in the last generation. 
-1s an illustration of the popularity of some of 
these older authors it may be said that even 
within the last twenty-five years sets of their 
writings 'have (been found among the books 
offered to the Christmas trade. 

Among those who have greatly helped in the 
advancement of the science there hlave been few 
who were men of independent means, such as 
Hutton and Lyell, and geology a t  the present 
time could not make much progress did it not 
depend chiefly on financial assistance from 
governments and those who are interested in the 
mineral industry. It is true, as has been said, 
that geology more largely than any other sci- 
ence is regarded as a governmental function. 

That applied geology is not a new subjecl, in 
this country is shown by the fact that in the 
first annual volume of the proceedings of the 
American Association for the Advancement of 
Science reference is made to the "Society for 
the Development of the Mineral Resources of 
the United States," which proclaimed that 
"With unabated admiration for all that part of 
geology which is strictly scientific we devote 
ourselves particulasly to its eeconomical depart- 
ment." From the quotation it will be seen that 
the objects of that early society were not unlike 
those of the Society of Economic Geologists 
organized a couple of years ago. 

Since all economic work of importance in 
geology requires a thorough training in the 
principles of the science, and since there is 
such a variety in this work, it does not seem 
that the training of the man who expects to 
labor in mining and mineral areas should be 
diRerent from that of the man who is to pursue 
the pure science. 

I n  conclusion, if the science is under such a 
great debt to the mineral industry for facilitdes 
and opportunities provided, why should there 
be a tendency to ostracize the geologist who 
does work that has an economic value? Why 
should it be necesmry to proclaim the legiti- 
macy of applied geology? Let the man be 
encouraged who desires "to carry on economio 
research in a scientific way." Did not Edward 
Forbes, in the words he used long ago, ex-
press the correct attitude towards applied sci- 
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ence? "IFThen science, provided she be mindful 
of her honor, and make no sacrifices of her love 
of truth, serves as the handmaiden of even the 
humblest of arts, her dignity gains in  lustre, 
and her familiarity breeds respect." 

wILLETG. M~~~~~ 
DEPARTAIENT ~IINES,OF 

TOROSTO,CANADA 

THE SCHOOLMASTER AND THE 
TEACHER' 

IT Very much to be feared that what I have 
here to say will appear  so trite as  to be little 
better than thrashing over of old straw. I am 
quite sure that much of it  has been said (and 
perhaps better said) many times before. But  
no student of the problm of science teaching 
can observe the changes that are taking place 
i n  the system of scientific education, and par- 
ticularly in the character of the rmults of the 
teaching of chemistry in  our colleges and uni- 
versities, without feeling that we still have 
much to learn about how to teach successfully. 
WTe cannot regard the subject as being closed. 
No one has yet discovered the grand secret in  
its entirety and no teacher of any branch of 
chemistry, who is both intelligent and honest, 
can (be wholly satisfied with what he observes 
is going on in the minds of his students, as a 
result of his contact with them. This is my 
only excuse for  reviving this ancient subject 
and for  adding another bit to the already for- 
midable accumulation of treatises directed to- 
ward the solution of such important questions 
as  these. 

I do not propose to offer to this section the 
affront of trying to tell you how to teach chem- 
istry. AIany of you have had f a r  more experi- 
ence in  this field than I. Indeed, I frankly con- 
fess that I am not a n  authority on the a r t  of 
teaching. I f  I were I should simply write out 
the recipe, and have i t  mimeographed and dis- 
tributed; this you would then properly con-
sign to the waste basket, fo r  each one of 
you would know of a much better way than 
the one I would give you. There is no magic 
word or  phrase that is the "open sesame" to the 
door of success i n  teaching. Each of us pos- 

1 Paper read at the Pitt.sburgh meeting of ae 
Anlerienn Chemical Society, September, 1922. 

sesses, in  some degree, the ability to instruct. 
But the part  that one does well another does 
poorly. What  both fail  to attain another will 
accomplish, and so on. \JTere i t  not fo r  this 
we should not be here to-day, gathered for  a 
mutual exchange of ideas. 

F o r  this reason I shall presume upon your 
time and good nature long enough to say a 
few things about the general question and 
about some of the results of my own observa- 

tions. These may be taken for  just what you 
consider they are worth--no more (of course) 
and no less ( I hope). 

3fuch has !been said and written about the 
necessary qualifications of a teacher. And, 
after all is said and done, we might finish by 
saying that the successful teacher of chemistry 
is one who can teach chemistry. Teaching is 
not coaxing or coddling, cramming or brow-
beating. Neither is i t  the administration of 
sugar-coated knowledge pills, to those who 
would cultivate the luxury of sleeping sickness. 
Oui* job is so to conduct our  classes that our 
students shall be glad to be i n  them and that 
they shall leave them with regret, but carrying 
with them not only the fullest possible knowl- 
edge of the sabject but also a deep and &bid-
ing respect and love for  their ohosen science 
and a boundless enthusiasm for  its possibilities. 
Not a n  easy job, this, by any means,--as we 
all know. On the contrary i t  is one ithat re-
quires large experience and training and large 
understanding of human possibilities, human 
ambitrons and human habits of thought. 

With thmis introduction and apology may I 
begin act what may seem to be the wrong end 
of the business by saying that the very first 
requisite f o r  the teaching of chemistry is cor-

personality 011 the part  of the !teacher. 
This is not a prime necessity f o r  suecessful 
work, for  example, i n  chemical research or 
chemical industry. The researoher must have 
thorough training in fundamentals, thorough 
kno~vleclge of chemical literature and  a logical 
mind, capable of clear and systematic orgmi-  
zatioa and prosecution of his work and, having 
these, he may be eminently successful even 
though his personality may be such as to cause 
him to be thoroughly disliked by all of his as-
sociates. Pray  do not understand that 1charge 
the industrial research chemists wit!h such a 


