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"To Hon. Isaac P. Gray,
Governor of Indiana :

DEAR Sir: Herewith I submit to you the manuscript of the.16th Re-
port of this Department, with a confident hope that it may be found of
great value to the people.

I take pleasure in acknowledging here the cordial aid received from
you, and I beg to add that my special thanks are due to all ‘the State of-
ficers.

During the past fiscal year there has been no appropriation of funds
upon which this Department could draw for its running expenses and the
salaries of assistants. Hon. J. A. Lemcke, State Treasurer, has kindly
furnished the money, for which disinterested liberality he should have the
hearty commendation of the people, and the Legislature should promptly
reimburse him.

I am happy to state that, although the Department has been very hard
pressed, on account of the immense development of our gas field, and the
necessary re arranging, re-labeling and re classifying of the entire museum,
over and above the usual work of the survey, I have been able to keep
the expenditures within the bounds of the ordinary appropriation of five
thousand dollars per annum, which includes the salary of the Chief of
the Depurtment. I respectfully submit the report and remain,

Most sincerely yours,

MAURICE THOMPSON.

(7
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L ABRARY
O° THE

PREFACE.

In his introductory paper Prof. Thompson has mentioned some of the
difficulties with which this department has had to contend for the past
two years, the principak of which were a vast increase in the amount of
work necessary to be done and an embarrassing lack of funds for the
successful and satisfactory prosecution of the work. In December,
1888, Prof. Thompson, on account of continued bad health, was com-
pelled to resign as State Geologist, and the writer was appointed by Gov-
ernor Gray to fill the vacancy. Since that time I have been wholly with-
out means to employ assistance of any kind, and have been compelled to
pay all the necessary office and traveling expenses out of my own pocket ;
and at the time that this report goes to press there are no funds in the
State Treasury upon which I can draw for supplies of any kind.

The report, as Prof. Thompson states, has been greatly delayed by
causes over which the State Geologist had no control whatever. It was
ready for the printer about the time that the General Assembly convened,
but the great amount of printing required by the legislative committees
kept the printers continually employed, so that the work for this depart-
ment was necessarily laid aside. The printing of the Acts of the General
Assembly then followed, after which the reports of the other departments
of Btate, previously begun, had to be completed, all of which tended to
delay the completion of this volume.

Since December 1, 1888, I have had no assistance, either in the office or
out of it, and my duties have been most laborious and varied. The su-
pervision of the Museum, correspondénce and other office work, occa-
sional] field work and details of every kind, in fact, every duty pertaining
to the Department I have been compelled to perform myself, for the rea-
son that there were no means to employ assistance. Much of my time,
therefore, has been devoted to work that should have been performed by
an office boy, or other assistant, and much important work that only the
State Geologist can do has, in consequence, been neglected.

Accompanying this report is a map showing the various natural gas
areas of the State. Very nearly oneseventh of the State produces
natural gas in paying quantities, and the outlines of the areas, as shown
by the map, mark the limits of the various fields where gas is found in
paying quantities at the present time. Future developments may en-
large these fields, or disclose others in other parts of the State.

The report upon natural gas contains statistical and other facts pertain-
ing to the various industries throughout the gas field, up to November,

2—GxoLooY.
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1888. Since that time developments in the gas areas have been very
rapid. New wells are brought in at the rate of one a day, and capital
is being invested at the rate of near half a million dollars per month.

In his reports, of which this is the second, Professor Thompson has
mainly endeavored to present the practical side of science. The stone,
coal, clay, sand, gas and petroleum—substances of commercial value—
have received the most attention. The aim has been to advertise the
immense mineral wealth of the State to the fullest extent, rather than
to collect facts of a purely technical or scientific nature.

Letters from every portion of the Union, and, in fact, from nearly
every country in Europe, are continually pouring into this office, contain-
ing inquiries pertaining to our coal, stone, kaolin and other clays; our
gas, petroleum and other substances, and, as a rule, these letters are from
persons who are seeking locations for the investment of capital in manu-
facturing, mining or quarrving industries. Many letters are received
from persons who desire to purchase material for the erection of build-
ings, or who are seeking clays to be used in the arts, or for other minerals
known or supposed to be found in this State. oo

Many of the inquiries concerning thestone, or other resources of the State,
require long, carefully written replies. The information sought is often
very important, and yet so general in its nature that it can not be obtained
in any one geological report of the State. And even when the desired in-
formation may be found in sume particular report, the chances are that
the volume can not be supplied from this office, for at this time the entire
stock of Reports is exhausted, except a limited number of the fifteenth.
To get all the information frequently required, one would have to consult
the entire set of Indiana Geological Reports (which is very difficult to ob-
tain), as the State so far has been surveyed by counties in detail, without
reference to formations. No one of our reports is devoted wholly to the coal
measures, or coal-bearing counties. Neither does any one of them treat ex-
clusively of the stone deposits, so that any one interested either in stone
or coal, or any other of the rich mineral deposits of the State, must con-
sult the entire set of Reports to get all the facts that have been published
concerning the particular subject he is interested in. '

A comprehensive report upon the building stones of this State is greatly
needed. This should be embraced in a single volume of convenient sizé,
and should include all the facts of interest pertaining to the various kinds
of stone found throughout the State. A single report would then supply
all the facts that are now contained in the entire set

So, too, with the coal and other mineral deposits of the State. The
whole subject should be embraced in a single volume, carefully prepared ;
and those who are interested in any particular subject could then secure
the facts they desire without having to procure an entire set of Reports,
at great expense, and then laborjously examine them all to get the desired
information. 8. 8. Gonpy,



INTRODUCTORY.

In presenting to the people of Indiana the Sixteenth Report of the De-
partment of Geology and Natural History, it is necessary to say that the
field work for the period considered has been very greatly retarded by cir-
cumstances over which the State Geologist has had no control. The mu-
seum had to be transported to its rooms in the State House, and all the
specimens of the vast collection had to be re-labeled, re-arranged and re-set
in the new cases. This involved an amount of work not to be estimated
by those unfamiliar with the tedious and difficult nature of the undertak-
ing. Some two hundred thousand articles have been handled four or five
times during the process, to say nothing of the labor of comparing and
identifying the organic remains that had not been studied previously, or
whose labels had been lost in moving or that needed revision. Hitherto
the museum had been kept in rooms quite inadequate to its needs, which
had prevented the Department from making a proper study and classifica-
tion of the fossils. Both Professor Cox and Professor Collett had labored
under exceedingly discouraging circumstances, and the amount and value
of their work is marvelous when we consider the limitations and restric-
tions to which they were subjected. Indeed it is one of the greatest
pleasures of making this report that I can bear testimony to the energy,
efficiency and enlightened spirit of the distinguished scholars who have
preceded me in this office in which, all along, have existed those hampering
and worrying needs which now render effective work almost impossible.
To think of carrying on a study and report of the great mineral interests
of Indiana, caring for her Museum and advancing the scientific study of
her Geologv and Natural History on a basis of five thousand dollars a
year, all told, is absurd. To-day Indiana is among the foremost States in
the Union as regards mineral wealth. A proper knowledge of this, dis-
seminated throughout the reading world, would give a mighty impulse to
the industries, the trade and the commerce of the State. It has been the
effort of the Department to make the most of every opportunity to give
the public early notice of every discovery of any importance touching
Mines, Minerals, Natural History or Geology, and to this end the princi-
pal newspapers of Indianapolis have been furnished, from time to time,
with such statements in connection with the work in the field as were
thought to embody facts of general interest to the people.
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During the two years which have passed since the last report was
issued from this office the number of letters of inquiry received from all
over the world has been very large and constantly increasing. Most of
these letters have been from persons desiring information regarding the
material wealth of the State or touching the advisability of locating min-
ing, quarrying or manufacturing establishments within our borders.
Many inquiries, however, have been of a purely scientific nature, whilst
others have been upon subjects connected with the waters of our many
and valuable mineral wells and springs. A very large number of the
letters received from citizens of the State have been connected with agri-
culture, soils and fertilizers. The want of a proper laboratory for chem-
ical analyses and other practical scientific tests and assays, is constantly
felt, and the State should furnish this to the Department at once. It
has been impessible to analyze the gas discovered in the rocks of Indiana,
and thus a very impertant work in connection with this report has been
passed by. The citizens of our great State certainly should have a place
prepared for them where they could be sure of obtaining the fullest ex-
planation of whatever is for the advancement of their material welfare.
There is a growing desire for progress, for enlightened methods and for
the scientific application of knowledge, and this is notably true of our
agricultural people, who are beginning to discover that wealth and hap-
piness depend largely on trained and alert minds. The time was when
farmers were inclined to treat science as something impractical, and
scientists as mere visionaries or ‘‘ cranks;” but that has passed in a meas-
ure, a8 our excellent school system has prepared the way for a better
view., Many of our farmers are thoughtful, reading men, anxious to
learn and zealous in the pursuit of the culture best suited to their sur-
roundings and mode of life. At least seven-tenths of the persons in In-
diana making inquiry for our reports are farmers, while a larger part of
the remainder are educators or students in our schools. I have found
that the science of geology (in connection with botany and kindred
biological studies) is occupying a great deal of space in our educational
field, with the result of stimulating practical experiment and careful in-
vestigation along many lines of thought.

The notion that the chief end of geological study is to collect fossils
and classify them should be driven from the mind of every student.
Paleontology has its place of practical utility as a sign language by which
the rocks impart their seerets to us, and through which we may reach the
significance of things otherwise meaningless; but, upon the whole, the
discovery of a ledge of good building stone is more to be prized than a
mine of crinoids or & hill full of trilobites, pentramites and the rest.
The discovery of the potato was of more value to mankind than all the
works of Darwin, Huxley, Tyndall and Agassiz combined. Nor is this
belittling these great men. It simply means that though one should



INTRODUCTORY. 18

niake plain as day the origin of life it would be as nothing compared with
a discovery of cheaper food for the poor and shorter hours of labor for the
toilers. Abstract study is for the man and woman of leigure ; the con-
crete is for the busy, earnest worker. The greatest good to the greatest
number is a maxim which would force the repor't of a State Geologist into
a practical channel ; still the larger part of the literature of even popular
science must deal with the technical rather than with the untechnical,
and we must depend upon the intelligence of the people to enforce a
system of education which shall set the popular thought on a level
with enlightened investigation. It is by such means that civilization is
broadened and bettered year by year. Steam is mere vapor, viewed by
itself, but in an engine it is the master of the age. Science, seen in
books, is a dry and unpopular literature, but seen in the electrical ma-
chines, in the steam-ships, in the mills, the factories and the mines, it is
the very vital center of the progressive civilization of the nineteenth
century. Many, perhaps the greater number, of our most useful in-
ventions have been discovered by persons unlearned in the sciences, but
in almost every case science has perfected what untaught genius has
sketched in the rough. The popular mind has begun to grasp the correla-
tions of theory and practice. and it is becoming easier, day by day, to
make headway against the prejudice of ignorance. Still there are people
in Indiana who trust to ‘‘ water-witches” to loeate wells, and there are
others who turn from the man of science to the man who waves a divin-
ing rod when opinion is wanted upon the subject of natural gas. Strangely
enough, even the most intelligent people, especially when pressed by the
excitement of pending or prospective discovery, will give no heed what-
ever to the teachings of fact, but will turn and follow blindly the sug-
gestions of chance. Evidence of this has not been wanting in the course
of the explorations for natural gas. The State Geologist, the moment
that a gas reservoir had been pierced in Indiana, began a rapid survey of
the field with a view to establishing its probable outlines, thinking by
this means to save the citizens of the State many thousands of dollars.
In a short time the department was in possession of facts sufficient to make
it reasonably certain that the gas area had a definite limit outside of which
it would be useless to expend money in boring; but the ‘‘experienced
well-borers” were listened to in preference to the State Geologist, with the
consequence of empty pocketsand dry holes. There can be no doubt that
several hundred thousand dollars have already been foolishly spent in sink-
ing wells outside the gas limit in this State, and still the boring goes on.
This indiscriminate work, however, has had its value to the State in that
it has furnished this department with a knowledge of our rock formations
which will be of great importance in the near future, and which could
not have been obtained in any other way. Furthermore, the popular ex-
citement touching natural gas discoveries has stimulated study and re-
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search among our citizens, so that I dare say the people of Indiana have
to-day a better practical notion of what geology really is than have the
people of any other State in this.Union. It is to be hoped that this
knowledge will have a wholesome effect in the direction of urging wise
and liberal legislation for the dissemination of science.

By far the larger part of the field work of the Department since the is-
suing of the last report has been devoted to the gas field and to a study
of the borings therein. Professor Gorby has had charge of this work
over the principal area, and his labors, though greatly interrupted and
hindered on account of the necessity of looking after the removing and
re-arranging the Museum, have been very thorough and satisfactory, em-
bracing every detail with most interesting results. Necessarily his written

.report has been curtailed and condensed, as the time which should have
been given to it had to be taken up with arduous work in the Museum ;
but it will be found of practical interest and value to the people, while at
the same time it embodies a sketch of all that is known regarding the na-
ture and origin of natural gas with a clear statement of the scientific
theories connected therewith. It has been the policy of this Department
to give to the Assistant Geologists & free field and a full expression of
their views. If the State Geologist, in his own judgment, would modify
any of the theories advanced by his able assistants, he does not feel like
making these modifications a point of controversy. At best theory is a
matter of personal conclusion from an individual point of view, and must
be tested by the accompanying facts. The opportunities of the assistants
in the field have been ample, and the facts they have gathered have been
ably presented. Their opinions are worthy of the very highest considera-
tion, and their statements should be taken as authoritative so far as they
go. Professor Gorby is an expert paleontologist, and his labor in the
Museum has been invaluable. He has had to handle every specimen in
the cabinets, identify every species of the organic remains, label and
classify each and arrange all in the cases in due order, while at the same
time he has prepared a catalogue of the entire collection. This work has
progressed rapidly and is thorough so far as it has gone. Much remains
to do, however, before the Museum can be said to be fully arranged. A
careful revision of the order and the labeling will be necessary, and all
the coal-measure plant-fossils are yet to be classified and labeled. Pro-
fessor Gorby has been assisted in the Museum by Mr. Callis, whose work
has been the cleaning and placing of fossils.

In the field Mr. W. H. Thompson has had charge of most of the geo-
logical work in the western division, of which a preliminary partial report
is herewith submitted; he has also had charge of the natural gas studies
from Frankfort westward. When the survey of the western division
shall be completed the report must be one of great interest to the people.
The sketch now published is necessarily incomplete in most respects, but
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in it will be found many features of value, especially the notes on the
botany and the ornithology of the Kankakee Valley. It is expected that
these notes are the merest beginning of a full report of the tlora and
fauna of that interesting region. Mr. Thompson is doing his work in
connection with the Chief of the department, and it will require at least
two more years to complete it, probably more.

The survey of Allen County, and that of Dekalb County, will be
comprehensive and adequate. Professor Dryer has shown great energy
and thoroughness, and his reports are excellent, especially in the clear-
ness and conciseness of their descriptions. It is by the localization of
scientific studies and by the description of the simplest features that the
objects of science are differentiated for the popular understanding.
There was a time when the public school system had a host of opponents
among the people, but it would be a very small group of Indiana’s citi-
zens who would openly attack that system to-day. So it is with opposi-
tion to the work of this Department; at first it had many bitter enemies
who argued that the pittance allowed by law for its maintenance was
money thrown away; but to-day all the enlightened intelligence of the
State is supporting it. It is clearly seen that although no startling re-
sults have been reached by our investigations, we have been able to dis-
seminate gradually a vast amount of useful information which has
stimulated the development of the State’s material resources and at-
tracted the attention of capital and manufacture in every part of the
world. The Department has received many hundreds of letters from
abroad, from England, Germany, Austria, France, Italy, Russia,
and Sweden, not to mention the smaller European States, ask-

.ing for information upon a multitude of subjects connected with min-
ing, agriculture and the investment of money in enterprises within our
State. These letters have all been answered at length and with careful-
ness of detail. The coal, the building stones, natural gas, limestone for
making lime and cement, and our various deposits of fire clay, kaolin
and potter’s clay, our iron ores, our beds of pyrites, glass sand, grit stone,
marls and chalk beds, as well as our incomparable fossil deposits (sought
for cabinet purposes), have attracted very wide attention, and a tremen-
dous impulse has been given to the development of our resources within
the past two years. In all the gas area, many of the fortunately located
towns have leaped from obscurity to importance, from mere rural villages
to manufacturing centers of considerable proportions. Kokomo, Marion,
Anderson, Muncie, Noblesville, and many other prosperous towns have
shown a wonderful growth in population and wealth. Indianapolis has
experienced a revolution in the matter of fuel, and the future alone can
tell what prosperity is to result to her people, and to what proportions she’
is to grow as the greatest inland city in the United States. Along with
this material growth educatiopal growth must go apace if we shall reap
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the full benefit of our civilization, for we certainly have reached that age
of the world in which it is more necessary than ever before to keep the
equilibrium between the public power and the public conscience. En-
lightenment in aristocratic countries flows downward from the heights of
- society; in our country it must well upward from the great plain of the
people ; in other words, the commonwealth depends upon popular liber-
ality, morality and wisdom. Give the people knowledge and they will
take care of the material interests of the country. It is the duty of the
State to maintain free fountains of information in order that while the
body of commerce and trade is being developed to its fullest power, there
may be no lack of a correlative growth and perfection of the public mind,
8o that our people may avoid the conditions of the old world civilization,
which makes necessary a division of the human race into two opposing
and unsympathetic elements, the oppressors and the oppressed. This
Department has not been controlled in the interest of mere abstract sci-
ence, its chief views has been the development of Indiana along all the
lines of material prosperity. Every effort has been made to encourage
inquiry, experiment, investigation and comparison in the light of the most
recent methods of science, but at the same time the larger aim has been
to enkindle a popular desire for enlightenment upon the practical appli-
cation ef science to the ordinary pursuits of life. ILet me insert here an
illustration which should make plain my meaning. The board of county
commissioners of a certain county in Indiana found it necessary to erect a
public bridge over a considerable stream. The structure required expen-
sive stone abutments. With a view to economy the commissioners or-
dered these abutments to be built of a certain rock outcropping hard by,
and which could be quarried easily. The result was that the abutments
crumbled down within two or three years, and new ones had to be built
at great expense. Now a little science just here would have been very
valuable. The simplest test in the world would have shown the quality
of the stone used with a great saving to the taxpayers of the county.
This is but one of a thousand instances that might be cited. Popular
enlightenment is the great fountain head of economy, thrift and happi-
ness. Ignorance is arrogance, and this means stupid waste of time, ener-
gy and money in order to discover what would be obvious from the first
to a trained infelligence. But what has all this to do with Geology and
Natural History? some one may inquire. Well, Geology and Natural
History cover a consideration of the entire field of native wealth in this
State. What is agriculture? It is the culture of field plants for the use
of man, and Natural History is the history of these plants. What is
soil? In the language of Geology it is one of the rocks, therefore this
Department studies soils. Whatever is mined from the earth is a subject
of Geological inquiry. Whatever lives on or in the earth is treated of
in Natural History. So it will be seen that the Legislature in creating the
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Department of Geology and Natural History gave to the people an office
from which they should receive a broad flood of information. Have they
received it? In answer let me point to the development of the coal fields
of the State, to the incomparable building stones now going from Indiana
to every city in the Ohio and Mississippi valleys, to the iron ores devel-
oped, to the clays manufactured into tiles, pottery and alum, and to the
inestimable blessing of natural gas. All these, if not due to geological
discovery in the first place, have at least had their value and extent made
known to the whole world through the reports of this Department. Nor
do the printed volumes contain the tenth part of the information imparted
to the people. More than five thousand letters of inquiry have been an-
swered by the Chief of Department and his assistants within the past two
- years. Aside from the letters coming to the office, the State Geologist
has received at his home an average of three letters a day, for a large
part of each year, which have called for especial attention, ofttimes involv-
ing elaborate discussion of scientific subjects and the writing of long and
painstaking answers to important inquiries. By such means the Depart-
ment has been able to do a very widespread and valuable work for the
people. Perhaps the best results of these labors have not appeared in a -
form to be easily pointed out, but any close observer can not fail to note’
the recent rapid growth of knowledge in Indiana along the lines indicated
by the creators of this office. A continuance of the work will be produc-
tive of still greater good.

The Museum is now open to the public and is a center of attraction to
whieh swarms of visitors are drawn every day. The educating effect can
scarcely be estimated.

Students of our various institutions come to verify, by the light of or-
ganic specimens, the teachings of the text-books; teachers come to make
special investigations, while whole classes often come together to make
the round of the cabinets, - Of course a large number of visitors are at-
tracted by mere curiosity, but even these go away with a broader horizon
of thought and with a quickened intelligence.

There is a great demand among the people for the reports of this De-
partment, and nearly all the issues from the first to the fifteenth are ex-
hausted. It has been the purpose of the State Geologist to use great care
in the distribution so as to have the books go into the hands of those who
would make the very best use of them. Farmers, teachers, ministers,
manufacturers, miners, quarrymen, persons of euterprise, men of science,
public officials interested in the material progress of their counties and
districts, investigators, prospectors, indeed, all persons likely to assist the
purposes for which the Department was created have been supplied with
the reports, besides the regular quota furnished to the Auditor of each
county in the State for judicious distribution. Copies have also been sent
to the Geological Department of each State, and to that of each foreign
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government, as well as to a large number of associations and libraries all
over the world. By such means has the work of this Department
reached the attention of millions of inquiring minds, with the result of
advertising the material wealth and advantages of the State in a way that
could scarcely be commanded by any other method. There should be
given the Department authority to print and distribute at discretion,
within proper financial limits, intermediate reports upon special subjects
whenever the public interests call for it. In the case of natural gas, if
the State Geologist had been authorized to issue a pamphlet report the
information it should have contained would have been of immense value
to the people. As it was, the Department was compelled to rely upon
the newspapers whose editors kindly offered space for communications
giving information to the public. Although a great number of readers
could be reached in this way, the result was not what could have bheen ac-
complished by a connected and practical intermediate report printed in
handy form and distributed free to persons interested in the development

of gas wells. The saving to the people upon such a report would have

been more than a hundred times its cost.

The catalogue of the Museum will be found very important and useful
to students who wish to consult the cabinet, and it is indispensable to
the curator. It bas been compiled without extra cost to the State, as its
construction was a necessary part of the re-arrangement and perfect classi-
fication of the specimens. The coal-measure fossils are not all included.
Indeed, very few of the plants of the carboniferous age will be found,
because the large collection of these has not yet been classitied and labeled,
although it is temporarily arranged in cabinets and forms a most interest-
ing section of the Museum.

The glossary of words and phrases accompanying this volume, and the
compendium of the geology and mineralogy of the State reprinted from
the fifteenth report are meant for the use of unlearned people who, with-
out them, would be unable to understand properly certain parts of this
report. It must be kept constantly in mind that a work of this kind is
for the people first, for the learned experts next. If every person in
Indians were a master of science there would be little need for a geolog-
jcal report. You will find a few so-called scientists who would belittle
the efforts to popularize scientific literature, but such men are fossils of
the most ancient sort, without value to themselves or to mankind. Popu-
lar enlightenment is the only valuable enlightenment in a republic like
ours. Educate the people and you educate the State, you fertilize the
law, you make legislation upon difficult questions easy for the law-making
citizen. I do not entertain respect for the kind of science which requires
to be locked away from the masses of the people, nor do I think it adds
anything to the dignity of knowledge when it sets itself apart wrapped in
a cloak of unnecessary jargon. In tbis report, wherever it has been
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possible, the use of obscure phrases or technical terms has been avoided,
and where this could not be done every effort has been used to make clear
to the popular understanding the substance of what was under consider-
ation.

The lack of a chemical laboratory has been felt seriously, especially in
connection with a discussion of the problem of natural gas. Indeed, the
department has been hampered and hindered on every side in this con-
nection. Professor Gorby’s excellent report would have been very much
assisted if it could have included a table of careful analyses of the gas,
so that intelligent comparison could have been made; the want of these
anslyses, however, is not by any means the fault of any branch of the
department, but is the necessary result of a meager appropriation and a
wholly inadequate equipment of the office for the work expected of it.
The State should see to this at once, as there is & constantly growing de-
mand among the people for information which chemical analysis and
assays are the only means of supplying.

Notwithstanding the circumstances under which it has been prepared,
this report is submitted with full confidence that it contains a great deal
of matter valuable and instructive which will be most welcome to the
public.



THE DRIFT BEDS OF INDIANA,

CHAPTER 1

INTRODUCTORY.

In making the survey of Indiana it becomes more and more necessary,
as the work progresses, to give a great deal of time to a study of the im-
mense drift, or glacial deposits; for these deposits are, from both the sci-
entific and the economical point of view, the most important of all the
geological features of the State. The future of agriculture over three-
fourths of our area depends, in a great degree, upon popular enlightenment
touching the nature of our soils, and the best methods of improving and
utilizing their productiveness. In a word, while it is not necessary for
the farmer to trouble his mind in the least with technical geology, it is
one of the absolute requirements of economic agriculture that he shall
have an intelligent comprehension of the habits and demands of the
plants he cultivates, and a fair knowledge of the nature and constitution of
the soil he tills. A study of our drift deposits will disclose much more,
however, than the wealth of soil which has made Indiana one of the
greatest States in the Union; but the mineral contents of this immense
glacial mass can scarcely have proper recognition until the demands of a
rapidly increasing population force a closer scrutiny of its constituent
parts. Necessity is more than the mother of invention, she is the enforcer
of economy, she is the inspirer of experiment, the originator of improved
methods of investigation. Slowly but surely the agencies are at work
which will bring to the popular understanding, and within the control of
the average man the wealth of economic materials heaped in the drift of
Indiana.

In directing the survey of the State, it has been the chief aim to col-
lect and group facts, and nothing has been neglected which could be made
to serve this purpose. The great number of borings made all over the
State since the examinations for natural gas were begun has given excel-
lent opportunity for securing approximate cross-sections and longitudinal
outlines of our drift deposits. With the aid of my able assistants, Prof.
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Gorby, Dryer and W. H. Thompson, I have been given every facility to
study the facts disclosed by these borings, and to bring together an amount
of information hitherto unobtainable touching the extent and nature of
the glacial deposits of Indiana.

In my last report (Fifteenth Report of the Department), will be found
a full general description of the drift, with the accepted theory of its dg-
posit by glacial agency, therefore it is not deemed necessary to return to
that part of the subject at this time. It will be sufficient to point out
how fully the borings have confirmed certain opinions I dared to hazard
in advance of absolute knowledge. The existence of a grand moraine
lying across central Indiana, as sketched in the paper above mentioned
(see 15th Report), has been fully demonstrated by subsequent discoveries.

Professor Gorby has collected the facts in connection with the borings,
and Mr. W. H. Thompson has continued the topographical and geologi-
cal examinations of the Western Division, which includes the counties of
White, Newton, Jasper, Pulaski, Carroll and Fulton, but a complete re-
port upon these counties can not yet he made, and will bave to be carried
forward to the next volume. Upon the subject of the drift deposits, how-
ever, Mr. Thompson has furnished the Department with a mass of valu-
able facts which have been arranged and presented in the following chap-
ters along with the results of my own examinations.

Some of the discoveries made in the drift by the borings for gas are pe-
culiarly interesting, notably the existence of intercallated beds of fine
white plastic clay in the body of the glacial till. This clay was at first
pronounced by eminent authority to be kaolin; but upon examination I
found it to be the result of selection and precipitation by water of silica,
alumina and lime taken from the drift mass. Some of this clay contained
as much as thirty per cent. of lime, while other examples held but a trace
of calcareous matter. '

An immense deposit of nearly pure white clay was penetrated by the
drill at Lebanon, in Boone county. Both above and below this mass the
drift till was very thick and compact. At Frankfort I saw evidences of
the presence of this formation, but I could not ascertain at what depth
the drill reached it or what was its thickness. Chalk, or lime marl, quite
identical with that of the deposits described in the Fifteenth Report, is
met with all through the body of the drift. At various depths strata of
muck, soil, vegetable mold, fragments of wood, and some peaty deposits
were passed through by the drill. The first well sunk at Frankfort was
abandoned while the drill was in the bed of an ancient lake or pond, now
filled with a slush of sand, loamy muck and vegetable remains, which was
struck at the depth of about one hundred feet. The total thickness of
the drift at Frankfort proved to be from 275 to nearly 300 feet. By ref-
erence to the tables of drift-borings in another part of this report the
reader may, by the aid of a State map, locate the areas over which the
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glacial till is of greatest thickness, and the outlines of the vast moraines
will become quite plain. The water-beds which afford the supply of water
for more than two-thirds of Indiana’s population are hermetically sealed
basins of sand and gravel, inclosed in impermeable blue clay, commonly
called hard-pan. In some of these basins water-gas (carburetted hydro-
gen) s found in small quantities, apparently generated from masses of
vegetable matter shut up in the clay. This gas is very light, and the sup-
ply, from the nature of things, is never permanent. Frequently the
water from the deeper of these sources flows with great force from the
mouth of the drill-pipe, forming a gushing fountain. Usually the water
of the flowing wells is impregnated more or less with salts of iron and the
carbonate of lime held in suspension. The lime depoeits itself in a fine
white powder, whilst the iron is precipitated in the form of a red oxide
painting whatever the water flows over.

One who has studied the cross-sections of the drift-mass at points where
railroad cuttings and stream channels pass through will readily under-
stand the value of the records obtained from our gas wells; but it is
greatly to be regretted that so many of the drillers neglected or refused
to keep accurate and minute notes during the progress of the boring,
especially while the drill was in the clay and other drift deposits. The
main object was to reach the Trenton limestone, and the chief thought
was of gas. It was hard for the average well-borer to realize that any
importance could attach to the materials through which his drill was
cleaving its way. 8till, by dint of untiring exertion, Professor Gorby
succeeded in obtaining carefully verified records in a large majority of
cases,

The contour of the drift mass is found to be comparatively regular in a
general way along the line of the great moraine lying across central In-
diana. 3 Indubitable evidence everywhere exists showing that great local
changes have taken place in the surface of this mass since it was deposited,
changesiwhich have all tended to level down inequalities and to bury
deep under ground objects which once lay on or near the top. In New-
ton County a driven well at a depth of 70 feet reached vegetable loam in
which were found the remains of leaves and plant-twigs. Over this
county the drift depth is quite variable, the main body of the deposit
lying around a cone of upheaval where the Niagara limestone outcrops
with almost vertical strata. Careful study of bundreds of borings shows
that the blue clay, known as till or hard-pan, is the only element of the
drift which is genuinely persistent. The nature of this clay varies as re-
gards the quantitative relations of its chief elements, and, consequently,
its color oscillates between a pale ash-gray and a dark steel-blue, and
shows every tint between those extremes. Wherever the mass is dark,
soft and plastic it usually contains a large per cent. of silicia and alumina;
where it is pale gray and refractory it holds more lime and crumbles read-
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ily upon exposure to the atmosphere. Under the microscope the minute
particles of the drift clay clearly show that a wide variety of materials
has contributed to the mighty grist ground to powder by the glaciers.
Bits of coal-measure rock are found side by side with particles of horn-
blende, graphite, mica, feldspar and quartz, while pebbles of green-stone,
polished like jewels, accompany angular fragments of silurian fossils, or
worn crystals of cale-spar are side by side with minute fragments of mag-
netic iron ore. Even traces of gold dust here and there hold out a de-
lusive hope to the ever present fortune hunter.

The soils of the drift present a-curious and difficult study. Aside from
the vegetable mold varying greatly in thickness, there is a heavy super-
ficial coat of earth covering the drift proper, which presents many anoma-
lous, and, in a great degree, inexplicable features. In some places, over
wide areas, this soil has much the character of loess; in others it very
closely resembles the residuary soils of Kentucky and Tennessee. Its -
depth is from one foot to ten feet, and its color is of every shade between
black and a light drab, often showing beautiful tints of chocolate, yellow,
brown and red. Among farmers it is known as sub-soil, but it is the true
soil as distinguished from alluvial and vegetable loams, and upon its na-
ture depends the value of the farming lands of all Northern and Central
Indiana. In a general way it may be stated that if the soil is silicious it
will be more or less * sour,” heavy and wet, unless the silica preponder-
ates in the form of sand, and where it is calcareous it will be light, easily
aerated and very productive of corn, wheat, clover and other grasses.
As a rule, beech and white oak forests grow on silicious lunds, whilst ma-
ple, walnut and tulip trees prefer a calcareous soil, whose silica is in the
form of sand, and whose deeper subsoil is gravel. Doubtless a great
deal of the red and chocolate-colored clays of middle Indiana must be ac-
counted for on the theory of lacustral deposition, but it is difficult to make
many of the conditions agree with the requirements of such an assump-
tion. For example, the so-called ¢ modified loess” is most often found
covering the highest points of the drift areas in which it occurs. It caps
the hills of Montgomery County, south of Crawfordsville, is found on
the high lands of Parke and Putnam counties, whilst farther south and
east it may be distinguished without trouble in most cases by the trees
which best flourish upon it. In almost every case where the deep subsoil
is found to be a gravel bed, the soil will be a light brown caleareous loam
bearing a heavy per cent. of fine sand. On the other hand, if a drab
clay or hard-pan comes near the surface the soil is usually cold, and better
suited to meadow than to cultivation in the cereals. Groves of white oak
or beech usually cover these areas of ‘‘sour” land, but where a deposit
of black mucky soil covers the drab clay, tbe burr-oak forests set in and
mark a region, which, if drained, will always prove extremely fertile, as
is shown by a large part of Boone County, which was formerly one vast
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burr-oak swamp, but is now one of the most valuable and beautiful agri-
cultural areas in the State.

Most of the black prairie lands of Indiana are immediately underlaid
with blue clay of the drift, but in Tippecanoe County much of the beau-
tiful and incomparably fertile Wea country rests upon a vast bed of gravel
and sand.

Superficial drainage is most valuable to the close, cold, silicious soils,
especially to those where the blue clay of the drift comes to the surface
over wide, almost level areas. Such soils, when once dried and properly
aerated, produce enormous crops of timothy grass, making the most de-
sirable hay in our markets. Indeed, in Indiana the one watch-word of
our farmers should be: ‘‘ Drain, drain, drain.” No ditch which will bear
away water can be laid amiss; every tile added to the drains of our farms
is a step toward the age when Indiana shall be as well tilled as the best
part of England.

CHAPTER II

CHANGES AND MODIFICATIONS OF THE DRIFT SINCE IT8 DEPOSITION.

If the great drift mass had remained unchanged from the time of its
deposition to the present time, and if it could have been possible for us to
examine it while it lay just as it was left by the mighty force which
heaped it ever the rock surface of Indiana, we should be in. much better
situation than we now are to understand the conditions under which it
was transported from its original far northern resting-place and so dis-
tributed as to become at length one of the great centers of agriculture and
one of the great highways of commerce and civilization. If, as has been
claimed, soil and climate control in a large degree the destinies of man-
kind, it ought to be a very instructive and interesting task to solve, if pos-
sible, the conditions which have created the happy combination of a fine
climate with a generous and inexhaustible soil. Although we probably
never will do this entirely, we may at least reach a practical point of view
from which we shall be able to determine all that is necessary to a full
masterhood and a perfect enjoyment of our surroundings. Science is
worse than worthless if it must be confined to theory and verbal jargon.
Of what avail is mere knowledge? Wisdom, which is distilled from
knowledge, is the essence of discovery. The study of minerals, fossils, soils
and plants is of no value to the people of Indiana if such study does not
bring to the popular mind the wisdom of economy, the enlightenment of
intelligent masterhood of nature. Such wiedom is of slow growth, but it
~omes surely to an investigating people. Science sows its seeds, appar-
ently at random, on stones and soil alike, but even in the crevices of the
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stones the germs find wherewith to sustain a valuable, if slender, life. It
can not be said by even the most inveterate ‘ fogy” that in mining, man-
ufacture, transportation and agriculture there has been no access of wis-
dom from the investigations of science. The more knowledge acquired
by the people as a body, the broader the foundation for popular wisdom.

It might appear, at first sight, a work without any practical purpose,
for one to begin a study of the drift with a view to arriving at an idea ‘of
its form and general appearance immediately after the withdrawal of the
great transporting glaciers; but any sincere mind will quickly discover
- that such an investigation goes before arriving at a competent understand-
ing of the present condition of the subject.

If a glacier, or a succession of glaciers, transported to Indiana the im-
mense mass of matter commonly called drift, there can be no question that
an arctic temperature accompanied the glacial visitation, and we must sup-
pose that the whole drift area, upon the retreat of the ice, was left bare,
bleak, plantless and desolate, a waste of windy, barren till, traversed by
rushing rivers, and dotted with lakes and ponds formed by the melting of
the glaciers. I can not see how we can escape the conclusion that plant-
life, save that of a boreal flora, was driven far southward of the Ohio River
and that for centuries after the recession of the ice the drift area was -
practically without vegetation and the mighty moraines heaped up in vast
billows of clay and bowlders lay exposed to the action of rain, frost,
winds and heat, as the seasons passed, with no means of resistance save
that of the natural cohesion of the mass. The action of frost and floods
must have been very effective under such conditions. No trees, shrubsor
grasses with roots to bind and hold the soil and clay together—nothing
whatever to counteract the force of freezing and thawing or to check the
washing of glacial currents and pouring deluges of rain. Moreover, in
the dry seasons, when all the high lands were capped with dust, there
was nothing to modify the effects of the winds, whose velocity at times
must have been unimaginable. We see great and wonderfully rapid
changes going on even now while the art of man and the binding forces of
plant life are acting together to prevent them ; but how much more rapid
and radical must have been the changes under the conditions above sug-
gested !

How long the drift mass lay, bare, bleak and unprotected, subject to all
the elements of destruction and change, before the northward migration
of plant life began to clothe it with a garment of resistance, can not be
conjectured ; but, as we now reckon time, it must have been a period too
extended for us to have any adequate conception of its duration. Some
geologists have attempted to reconcile the presence of the glaciers with a
climate almost temperate; but to my mind such a condition is inconceiv-
able. While it is true that glaciers, like those of the Alps, local and incon-
siderable as compared with those of Greenland, are found within a tem-

3—GEoLoay.



26 REPORT OF STATE GEOLOGIST.

perate area, there can be no doubt that the advent of a body of ice suf-
ficient to plow down granite hills and thrust forth over a large part of
North America a mass of till averaging many feet in depth would reduce
the temperature of the region affected to arctic severity. In other words, if
at present a mighty glacier, hundreds of feet in depth, extended from the
region of the Rocky Mountains to the Atlantic coast, and from the lati-
tude of Greenland to that of the Ohio River, its effect would be to change
the climate of the southern part of North America from a temperate,
sub-tropical and tropical one to a cold, changeable sub-boreal one, and to
drive out all plant life save that which can bear the rigid conditions
attending such a temperature. How slow would be the return of veg-
etation to the cold clay region of the drift, after the retreat of the
glaciers, may be imagined. At best, under the most favorable conditions
of climate and soil, the northward migration of plants is extremely diffi-
cult and faltering. But the drift as left by the ice was a clammy mass of
clay, without soil, wholly unsuited to the rapid spread of vegetation. We
may, therefore, safely assume that for many hundreds, and perhaps thou-
sands, of years after the retreat of the glaciers the drift mass lay exposed
to every force of nature without any protection whatever, and underwent
every change consequent to such exposure. What would naturally be
the result? Speaking generally, we should answer: The result would
be a grand leveling process by which the high parts ef the drift mass
would be reduced by the action of freezing and thawing, the washing of
rains and force of winds, and by which the hollows and low places would
be filled up apace. Thus old glacial channels would be gradually buried

under the materials washed and blown down from the high ridges of mo--

raine matter on either side, lakes and ponds would be filled up by the
same process and in the course of centuries a mighty change would take
place in the surface configuration of the drift. It matters not how many
so-called ¢ periods” of glacial action there may have been, the fact re-
mains that at least there was a final retreat of the ice after which the
process of change would have gone on as I have suggested.

As the reduction of the high parts of the great moraines went on the
mighty ruts, channels and basins between were gradually obliterated by
the filling process, and the whole drift mass took on the comparatively
level or broadly undulate surface which now characterizes it. Meantime
the well-known assorting power of water and the action of wind in trans-
porting vast bodies of sand were continually at work, so that it is easy to
account for many of the gravel beds and bodies of sand and assorted clays
found deeply buried in the body of the drift.

At first glance it is surprising to find that ridges of pure sand and coni-
cal mounds of clean gravel have withstood the action of frost and water
much better than formations of the most refractory hard-pan, but a little

consideration explains the apparent contradiction of facts, for water per- -
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colates through sand and gravel instead of washing them away, while it
must run over the clay and slowly, but surely wear it down. So the ac-
tion of frost is lost upon the loose particles of sand and gravel, though
clay is disintegrated and reduced to dust by it. Hence, it is that the so-
called ‘ kames” and ¢‘ dunes” are the best preserved features left to us of
the original drift forms, and they should, therefore, be studied with great
care.

One of the most hopeless features of the work now being done by the
most enthusiastic and well known students of the drift is the determina-
tion to ignore the changes of which I bave spoken. No where in the re-
ports, official or private, have geologists appeared to fully comprehend
that the drift has not lain, just as it now lies, ever since it was abandoned
by the glaciers. If a bit of wood or a wisp of leaVes is found ten, or fifty,
or & hundred feet below the surface of the ground, they take it for
granted beyond cavil, that it was buried there by the glacier, never for a
moment considering that the filling up of a hollow by the wash from
higher ground may bave caused the burial. If a wide area of drift sur-
fuce is comparatively level now, they conclude that it was just so when
the glacier left it. If they can not find in the moraines of Indiana, Ohio
and Illinois, every feature of the moraines of the Alps, they shake their
heads and say: *‘There are no moraines.” To my mind the study of
our glacial area which does not begin with a recognition of the wide and
deep changes which were wrought in the drift mass subsequent to the re- -
treat of the ice and prior to the return of vegetation in its present form,
is worse than futile. We must understand the fact, and accept it fully to
begin with, that the drift as it is now, is greatly modified from the drift
as it was when i was fresh from the plow-share of the glacier. We can not
know all the changes nor their extent, but we can and must know that
nature has not rested idle for thousands of years in order to leave undis-
turbed (for the accommodation of scientists) the most easily disturbed of
all our geological formations.

It is safe, at least, to take it for granted that the high parts of the drift
mass were formerly much higher and the low parts much lower than they
now are, and from this fact we may argue that a great many features that
now are internal elements of the drift were formerly external ones, and vice
versa. Where streams have cut deep into the body of the drift it may be
obeerved frequently that the semi-stratified sands and clays are bent or
curved, as if somewhat folded by pressure. In many cases this arrange-
ment is due to the washing-down and filling-up process which I have de-
scribed, each stratum in the series representing the extent of a season’s
or other cycle’s contribution to the lower plane of what it has taken from
the higher.

Bearing the above in mind, the student of the drift will be able to dis-
tinguish approximately between that part of the mass which is undis-
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turbed and that which is a modification of the original formation. Asa
rule the highest points will be more likely to be found unchanged in
the structure than the lower ones. Of course, the former will be worn
down indefinitely, but the material remaining will be in place practically
as left by the glacier, while on the latter will be found the washings of
centuries of floods, the blowings of centuries of winds and the crumblings
of centuries of frosts.

It is then on the highest parts of the drift mass, at points where, from
the nature of thejsurtoundings, no great changes could have been effected,
that we should look for the true characteristics of the glacial moraine.
These points are comparatively few, but when found are extremely inter-
esting  Usually they are capped with a boulder field, or they have cones
and ridges of gravel and sand to mark a resting place of the glacier’s
foot at that time when the great ice fields were slowly and with much
besitation retiring into the north. Geologists have, in my opinion, made
a great mistake in naming these undisturbed spaces ‘“ areas of erosion.”
They are in fact areas of drift mass remaining, with slight superficial
changes, just as the glacier left them, and they usually mark the strand-
ing places of boulder-ladened icebergs and the turning and eddying points
of sub-glacial rivers.

On these high areas there are found also many small, undrained basins,
the remnants of deep pot-holes which have not been entirely filled up by
the leveling process above described. Usually these basins have a subter-
raneous drain by means of underlying sand or gravel beds, though this is
by no means always the case, for I have found them with impervious blue
clay bottoms, and they were ponds during all but the dryest seasons.

The changes suggested in the foregoing pages are still going on ina
limited way, and it is one of the trials of enlightened agriculture, this
battle against the tendency of soil to slip down from the high levels, to
wash away, in fact, and leave our very best lands impoverished.

CHAPTER IIL

FORCE AND DIRECTION OF THE GLACIERS.

In Indiana the general direction of the glacial movement was a little
west of south. There are localities in the State where the strie or sand-
marks on the ice-ground rocks run from east to west, and in almost every
other horizontal direction; but by careful study these are found to be
merely local exceptions to the great general rule. Much confusion and
misconception have arisen out of the acceptance (as of conclusive author-
ity) of certain maps and reports of the United States geological survey
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purporting to define, only in a provisional way, the directions of the
glacial strie in the northern part of Indiana. I do not intend personal
criticism here, for this would be unjust, and I must not be so understood
as to make my words mean any stricture upon the integrity of any person,
or upon the general value of any report; but I do wish to say as plainly
as words can convey without conveying anything but the friendliest dis-
sent from a theory, that there is no competent evidence whatever of a
distinct and separate ¢‘ second glacial epoch” in Indiana, and that there is
no adequate evidence in support of the assumption that the drift of east-
ern Indiana came from the Lake Erie region, or from any other region
much to the eastward of a line drawn north and south through the drift
as it now lies. The glacial deposits of Indiana by their conformation, by
the materials found in their mass and by the strie underlying them, have
come into the State from a direction almost north and south. The in-
ternal structure of the drift mass shows conclusively that there have been
innumerable local advances and retreats of small lobes or parts of the
glaciers, and that there have been many general forward and backward
movements of the ice-field as a whole, but there is no_evidence pointing
with any force to two distinct ‘“ glacial epochs.” Indeed, the drift de-
posits conform precisely to the conditions one would naturally expect to
find accompanying glacial action of such enormous proportions as that
which was able to produce the results at present visible to any casual ob-
server of the area affected.

Glacial strie on the face of rocks known to be in place are not the best
evidence of the direction in which the ice-mass as a whole may have
traveled, and it is injudicious to assume that strie four inches, or four or
five feet long, speak conclusively on this point. The exposures of ice-
planed rock-surfaces are few and far between in the true drift area. It
can not be said that fluid ice alone, of all the fluid substances, flows in a
straight line, come what may to hinder or avert. I have seen striee cross-
ing strie on the same rock surface and at almost right angles. Could
such testimony be taken as conclusive evidence of two glacial epochs?
If s0, the later epoch must have been one of very slight power, else its
grinding would have obliterated entirely the mere scratches left on the
rock by the earlier one! If the first * glacial epoch ” was charged with a
force that ground down the granite heights of Canada and dashed their
till over a vast area, how insignificant must have been the power of the
““second glacial epoch” if it could not even obliterate hair-line scratches
left by the first on the top of a moderately soft limestone, especially when
acting in quite a different direction from that of its predecessor! That
the great glaciers came down from their northern fastnesses in billow suc-
ceeding billow, a sea of elastic and flexible ice, advancing, retreating,
weltering like any other sea, save that all its motiors were almost infin-
itely slow, and rolling on down to its limit, then withdrawing by the same
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oscillating and faltering process—that all this is true can not be doubted ;
but this process had nothing in common with two distinct and separate
epochs; it was all included in one epech of drift-making. Doubtless the
ice came and went many times, pushing forward and withdrawing par-
tially or wholly from certain areas, until at last it went away forever.
There is every evidence in the body of the drift of these oscillations of
the great ice pendulum. We can not even conjecture intelligently as to
the duration of any advance or withdrawal. From top to bottom of the
drift deposits, as shown by the borings for gas and as indicated by every
section made by streams, railroads or domestic wells, the mass has a rude
gystem of stratification or lamination in its structure caused by this tide-
like motion of the glacial body. Such a motion, the palpitations of which
were measured each by centuries, perhaps, could not fail to leave appar-
ently contradictory records in the form of strie on rock-surfaces in differ-
ent localities.

At Huntington, Marion, Wabash, Kokomo, Logansport, Delphi,
Monon and Kentland I bave examined striee, and they have been almost
exactly parallel in direction, running a little west of south. At Darling-
ton the well-preserved sirie are in continuation of this line; but south-
west of Crawfordsville I found them running in three directions, southeast,
almost east and due south, whilst a little further north on Sugar Creek,
and along Black Creek, they conformed exactly with those at Darlington.
Near Darlington, however, not far from the bridge of the T. H. & I. R.
R. over Sugar Creek, there were strie that appeared to run almost due
west. Near Mace (in Montgomery County) there were some obscure
marking that indicated a southeastward movement. In Putnam and
Parke Counties the strice lie nearly 1n a north and south line, as they also
do near Williamsport, in Warren County, if certain coarse grooves in the
sandstone may be accredited. I mention these apparent contradictions in
the testimony of the strice to show that isolated cases must not be accepted
as even prima facie evidence of the general direction of the glacial cur-
rent.

To my mind, the best evidence of the axis of the force which propelled
this drift mass lies in the form of the waves of resistance still visible in
that mass. In driving a plow across a field the observer notes that the
form of the plow-blade and the direction of its movement give form to
the waves of resistance offered by the soil. The same is true, in a gen-
eral way, of any force acting upon a yielding substance ; the subetance
arranges itself in front of the force in a wave of resistance which outlines
pretty accurately the direction and nature of that force. Lying across
Indiana in practically parallel lines, waves of resistance are clearly trace-
able in the drift, and these waves all are practically parallel with the
southern shore-line of Lake Michigan. The process of leveling described
in another chapter has obliterated the superficial outlines of the moraines;
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but the gas-well bores have pointed out with reasonable certainty in the
mass the direction and extent of those formations.

The surface features of the paleazoic rocks of Indiana were a factor of
no small importance in directing and controlling the current of the glacial
body. The great disturbance named by Professor Gorby, the Wabash
Arch, lay directly across the path of the ice, offering a very refractory
and persistent barrier to its progress. In surmounting this the glacier
was deflected to the westward, the point of one lobe resting at Logans-
port, while another cut through from Delphi to Lafayette, thus determin-
ing the course of the Lower Wabash. This whole rock disturbance in In-
diana occurred at the close of the Niagara period, as is shown in another
part of this report, and it was only in the lowest parts of its area that
any superior formations were deposited. Hence very few fossils whose:
horizon is above the water-lime are found in the drift immediately south
of the Wabash arch.

Wherever the Niagara rocks are exposed at the surface in the area of
this disturbance they are apt to show signs of glacial grinding. At Kent-
land (McKee's quarry) where the strata outcrop almost vertically, the
edges of the limestone layers are very plainly marked with grooves and
strie. In White County, where there is a heavy outcrop of Devonian
shale, the upper stratum of the hard bluish, black rock is finely planed
and grooved, the strie running nearly north and south.

The survey has not progressed far enough North to permit me to speak
of the moraine provisionally mapped out by Professor T. C. Chamberlain
as lying parallel with the south shore of Lake Michigan, and having for
points in its line Joliet, Illinois, Valparaiso and Laporte Indiana, and
Niles, Michigan, but from some hasty preliminary examinations I am in-
clined to think that the nature of that formation is not yet properly un-
derstood. It appears to me that wind probably has had more to do with
certain features of the formation than the glacier had, though there is no
doubt as to the morainic character of the main mass.

So far as examinations may be relied upon at this time, it appears that
the glacial trough has its greatest depth in the great lakes, and that it
gradually shallows southward in a general way; but the Wabash Arch,
lies across it, midway between Lake Michigan and its southern confine,
greatly modifying its form.

From Wabash to Delphi the Wabash up-lift has determined the course
of the Wabash River, just as it also determined the form of the drift
mass immediately south of it. The river itself is running along the gen-
eral line of a wide fracture or system of fissures in the Niagara rocks from
Wabash to Logansport. At the latter place it has cut through a spur of
the Devonian formation, and at Delphi it curves around the base of a cu-
rious conical up-lift of the Niagara limestone. To my mind it is plain
that the river simply follows the example of the iee current which went
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before it plowing out the great furrow which we call the Wabash Valley.
At present evidence is wanting to prove any theory as to what particular
part of the glacial age was devoted to the work of channeling out a groove
for Indiana’s greatest river, but it would appear that this must have been
the first result of the glacier’s contact with the low but compact and stub-
born knobs of the Wabash Arch. Subsequently, as the ice field grew in
weight and power it arose and surmounted this barrier, grinding away its
conical peaks and tearing out of its hollows in many places the non-con-
formable Devonian and Carboniferous rocks.

The drift covers most of the area affected by the Wabash Arch, but the
drill has disclosed ample evidence to sustain the main conclusions reached
by Professor Gorby and myself as set forth in the Fifteenth Report. In
passing over this wide, low, billowy area of upheaval the ice currents

-must have -ground down the highest points of the Niagara rocks, but
enough of the inequalities of surface remains to show the nature and ex-
tent of the disturbance, which runs entirely across the State, its northern
limit passing from some point between Union City and Fort Wayne across
in a generally westward course to Kentland. Both North and South of
this line strata superior to the Niagara formation appear, abutting against
the slopes of the upheaval, showing that the ridge was above water at the
time that the Devonian and later rocks were being deposited.

By taking the slopes of the truncated Niagara cone at Kentland I cal-
culated that, if the arch was once perfect, the glacier must have cut away
nearly a hundred feet of that upheaval. Nearly as much was removed
from the beautifully symmetrical arch at Delphi.

CHAPTER IV.

DEPTH AND STRUCTURE OF THE DRIFT MASS IN INDIANA.

Up to the time when the search for natural gas began in Indiana, we
could only conjecture as to the depth of our drift mass. The many wells .
sunk within the last two years have enabled us to construct approximate
cross sections, and to outline the areas of thickest deposit.

Below are given some tables of drift depths from which many useful
and instructive facts may be gathered. Table No. 1 contains the thick-
ness of the drift mass at all the chief points along the course of the great
central moraine described in the Fifteenth Report of this Department.



THE DRIFT BEDS OF INDIANA. 33

TABLE No. 1.

Depth of Drift.
Kentland . . . . . . . . . . . . . . o e e 100 feet
Oxford. . . . . . . . . e e e e e e e e e 386 ¢
Monticello. . . . . . . . . .. ... Lo 205 ¢
Frankfort . . . . . . . .. . ... ... ... e e e . 297
Noblesville. . . . . . . . . .. . .. ... 000, 73 «
Lebanon. . . . . . . . . . . .o e e e 300 «
Crawfordsville . . . . . . . . . . . . . . ..o e 140 “
Haughville. . . . . . . . ... .. ... ... ... ...... 123 «
Broad Ripple. . . . . . . . . . ... ... ... 0. 55 “
Knightstown. . . . . . . .. . ... ... ... ... 64 «
Winchester. . . . . . . . . . v .. 0. e e e e e e 116 “
Shelbyville. . . . . . . .. . ... . 00000 78 “
Greenfield . . . . . . . . .. . e e e 206 “
Rushvwille . . . . . . . . . . . ... 0 Lo 60 ¢
New Castle. . . . . . .. . . . i e i e e e e e e e e 333 ¢«
UnionCity. . . . . . . .. .0 ..o 0 Lo 98 «

The above table shows that although the western limb of the moraine
is somewhat heavier than the eastern one, the mass is remarkably bal-
anced. It must not be overlooked, however, that the gas wells are not
always a fair test of the thickness of the drift, as they are sometimes
bored in depressions with a view to finding the nearest route to the hard
rock below. Carroll county, for instance, is heavily covered with drift,
but the gas well at Delphi, owing to the fact that it was sunk at the apex
of a fold, shows scarcely any deposit above the Niagara rock. From In-
dianapolis southward White River breaks through the central point (the
apex angle) of the moraine, which here turns northward of an east and
west line in both directions, forming across the State a figure in the shape
of a rude flattened letter V.

It must not be assumed that the moraine herein referred to is a mere
glender ridge, on the contrary it is a wide, slightly rolling plain, covering
the whole or parts of many counties, dotted with grand hills and marked
here and there with long kame-like ridges composed of sand, gravel, bould-
ers and clay.

The well at Oxford, in Benton county, which shows a drift depth of
385 feet, is bored where the glacial deposit is probably much thinner than
it is along the line of the great ridges described by Professor Gorby in his
report of his survey of that county. (See Fifteenth Report). I feel
quite sure that there are points in both Benton and Newton counties where
the drift, if bored through, would be found at least 100 feet thicker than
the table shows. Doubtless the same may be said of Clinton, Boone,
Montgomery, Marion, Rush and Randolph counties. It is probable that
there are places in Indiana where the drift mass is fully 600 or 700 feet
thick, though of course this is mere conjecture based upon the facts at
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hand. One notable conclusion to which an examination of many sec-
tions must lead is that the structure of the drift mass is far from uniform,
or in other words, that no arrangement of the elements composing the
drift is persistent or continuous over any very large area. True, the same
features, or practically the same, appear in all the sections, but the order
of arrangement differs greatly. What is blue clay in one bore will be
sand in another; if we find gravel here we may find a boulder bed yon-
der at the same horizon, and a mucky deposit in one well takes the place
of hard-pan in another near by. One feature always present, but ever
alternating with the other elements of the drift mass, is the boulder clay
or till always in massive layers with veins of sand, vegetable muck and
soil running through at more or less rare intervals, or with intercellated
wedges and lenticular beds of water-bearing gravel compressed within the
air tight grasp of its substance. In all the bores where the drift is very
thick the sections show a great multiplication of these features. The fol-
lowing drift section of a well at Frankfort, where the deposit was 297 feet
thick, will serve as an example of arrangement of the more notable
features:

WELL No. 1, FRANKFORT.

Soil and modified driftelay . . . . . .. ... L o000 0L 6 feet.
Grayish-blue boulderclay . . . . . . . . . .. .. ... ... .. 6 «
Gravel, with thin streaksof clay. . . . . . . .. ... ... .. 33«
Hard refractory light-blueelay . . . . . . . . ... ... .. .. 22 ¢
Coarse gravel and water . . . . . . . .. .. .. ... ... ... 12«
Close, semi-plasticdrabelay . . . . . . . . . . ... ... ... 26 «
8o-called “quick-sand ” with water rising nearly to surface of bore . . 44 ¢
Gray “hard-pan”. . . . . . ... .00 Lol 61
Dry sand, fine and white . . . . . . . .. ... ... ... .. 20
Toughblueelay - . . . . . ... ... ... .. ........ 2 «
Closely packed gravel bed . . . . . . . . e e e e e e e 47
Total thickneass . - . . . . . . . ... ... .. ..... 297 feet.

There is some doubt as to whether bed-rock was reached in this bore.
The drillers persisted in believing that they struck an immense boulder
at the depth of 297 feet, and here the drilling ended. The rock may
have been a boulder, if so the drift must have been still thicker; but in
Well No. 2, drilled a mile east of No. 1, the stratified rock was reached
at a depth of 278 feet, a8 reported to me by the drillers. It will be noted
that at Greenfield, on the eastern limb of the moraine, and at Monticello,
on the western limb, the drift depth is identical.

* The following table will give a fair general average of the greatest
thickness of the drift over that part of Indiana north of the Wabash
Biver, and east of the L., N. A. & C. Railroad lipe;
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TABLE No. 2.

. Depth of drift.
Albion . . . . . L e e e e e e e e e 375 feet.
Elkhart . . . . . . . o . e e e e e e e e e e e 106 «
Rochester . . . . . . . . . . & i i i i e e e e e e e e e 245 «
SouthBend . . . . . . . . . . . . . it e e e e e e 160 «
Warsaw . . . . . . . . o e e e e e e e e e e e e e e e 248 «
North Manchester . . . . . . . .. .. ... ..... e 274 «

Indeed, I think it quite certain that the general average of depth
throughout the whole area above designated, will be found to be over 200
feet.

In Pulaski and Jasper counties there is a considerable area of very shal-
low drift, the Niagara limestone coming to the surface, or lying just under
the soil, in many places.

In the vicinity of Logansport the nature of the drift mass may be ob-
served to great advantage, and from this point eastwardly and westwardly
may be traced another great V-shaped terminal moraine caused by the
obstruction offered to the glacier by the northern limit of the Wabash
arch. The great dividing ridge between the Wabash and the Tippecanoe
rivers northward from Logansport, represents a fair average of this im-
mense formation, which has not yet been sufficiently surveyed to be re-
ported upon, but which may be provisionally assumed to occupy a large
part of the area between the Wabash and the Kankakee.

Along the Wabash River the stratified rocks outcrop at Lafayette,
Delphi, Logansport, Peru, Wabash, Lagro and Huntington. From
Delphi to Huntington the evidences of a marked disturbance of the
Niagara limestone can be seen at every exposure, whilst the Devonian
strata, whenever present, are non-conformably deposited. At Kokomo,
nearly southeast of Logansport and about thirty miles distant, the Niagara
rock again crops out, whilst between the two points the drift is very deep.

~We may take Marion, Kokomo and Delphi as points in a rudely curv-
ing line, defining in a rough way nearly the southern border of the apex
of the secund great terminal moraine in Indiana. The western limb of
this formation appears to coalesce with that of the first moraine in Newton
and Jasper counties. I say that this appears to be the case, though as
yet the survey of the western division is not far enough advanced to
make the statement positive.

The borings through the body of the drift show that water is almost
sure to be found imprisoned in the sands and gravels between the masses
of blue clay ; but there are notable exceptions like that at Frankfort, or
that at Lebanon. Indeed, there is no widely general rule discoverable
governing the order of drift deposit, the occurrence of water, or the po-
sition and thickness of any particular element of the confused, tumbled
and jumbled mass. Of course, in circumscribed localities certain feat-
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ures are persistent, to a degree, but are subject to sudden and vexatious
changes which may disappoint the well-digger and the geologist as well.

It seems to me that comparatively few of the local and superficial feat~
ures of the drift ought to be referred to any forward movement of the
glaciers. Naturally, such of these features as remain unchanged should
be expected to show the effects of glacial retreat. Sand ridges, if the
sand be very light and fine, like shore sand, should be referred in many
instances to the action of water and wind, whilst gravel cones and banks
may nearly always be explained in connection with either the assorting
power of water currents, or the melting of stranded icebergs loaded with
the materials. On the other hand, the general and comprehensive features
of the drift-mass are the true exponents of the active glacial influence,
the forward, aggressive force of the great ice field. The outlines of the
vast morainic accumulations are, therefore, the boundaries and the limits
of forward plunges of the enormous plow-share which ground up the
surface of Canada and flung it down upon the worn and polished rock-
beds of Indiana.

The internal structure of the glacial deposit shows, by its alternating
clays, sands, gravels and boulder beds, its hermetically sealed pockets of
water, gas and vegetable remains, found at all horizons indiscriminately,
that in every stage of its formation it was subjected to pressure and relax-
ation, the erosion of water currents and the sudden obliteration of those
currents, the formation of soils and the burial of the same in small basins
of blue clay, the huddling of great masses of boulders and the drifting
together of all manner of mineral fragments. There is no division line .
to indicate a separation of epochs. On the contrary, the record is contin-
uous, as sea waves are continuous, billow behind billow with connecting
troughs between, from the Ohiv River northward to Canada. Indeed, no
amount of examination could disclose to the most knowing eye any com-
petent evidence disconnecting one ‘“glacial epoch” from another, or de-
fining the limit or bounding the result of any special, separate ice period,
save the one vast, almost unimaginable whole of which the part found in
Indiana is comparatively small. '

The more I study the drift, the more sections I examine, the more
facts [ gather, the more I am impressed with the evidence of the immense
- cycle of time which must have revolved during the changes of temper-
ature which effected in our north temperate zone the transformation of a
tropical climate to a boreal one, and then softened the latter in turn to
the mild and delightful temperature which now prevails. Some scientists
have thought themselves competent'to reckon the lapse of years from the
testimony of the deposits. Thege geological almanac-makers are men ot
high fame and of admirable attainments, but their reckonings as to the
limits of past ages are of no more value to geological science than a
“ Song of the Arval Brothers” is to the science of veterinary surgery. No
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man can give the slightest genuine evidence from which it is possible for
him to distinguish between one year and a million years as affecting the
period of drift-depositing, or of glacial -advance or retreat. He has no
data for beginning, middle or ending ; there is no starting point which has
any known date; there is no monument, not even the slightest trace, by
which the halting place may be fixed in time. He may, however, study
with good result the constitution of the mass, separate its parts and con-
jecture with reasonable certainty the points, distant or near, from which
‘these have been transported. But a great deal of patient labor yet re-
mains to be done before even the simpler results can be accomplished
with any degree of exactness.

Coming now to that part of this subject which will most interest and
benefit the larger body of the people of Indiana, it may be said that the
agricultural view of the drift demands an analysis of soils and a study of
the subject of proper fertilizers. This will be attended to in the future,
if this department shall be authorized and empowered to do so At pres-
ent there is no laboratory in connection with the State Geologist’s office,
and no appropriation of funds sufficient to enable the department to pre-
pare for the work of making comparative examinations of soils. It is
hoped that the Legislature of the State may soon remove this trouble
and give the department a chance to do a great work for the benefit of
agriculture in Indiana.

CHAPTER V.

MINERALS AND FOSSIL8 OF THE DRIFT.

Washings and microscopic examinations of the drift clays, from many
sections widely separated from one another, have shown that our ** till”
bears a great variety of minerals, mostly in a finely comminuted state.
Silica, lime and alumina are the chief elements, but aside from these in
their most common forms, a great number of mineral substances have
been' discovered, among the most valuable of which are iron ore and
chalk-marl, not to mention the tantalizing traces of gold found here and
there associated with a black, so-called magnetic sand. The bowlders -
and pebbles found in all parts of the mass, represent nearly all the igneous
and crystalline rocks of Canada, including many forms of granite, gneiss,
schist, quartzite, greenstone and pudding-stone, together with specimens
of almost every variety of sedimentary or stratified rock to be found in
the area north of Indiana. I have prepared a partial list of the drift
minerals and also a table of fossils identified from fragments or from en-
tire specimens found in the drift-clays by me and my assistants. Much
may be added to these lists in the future as the survey proceeds.
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LIST OF MINERALS FOUND IN THE DRIFT:

Aerolites. (Reported, but not seen.)

Agate. (Usually small fragments.)

Allophane. (In connection with chalk.)

Alumina. (Various silicates.)

Anthracite. (Small fragment pear surface, and probably not part of
drift.) )

Asphalt. (Particles of dry bitumen.)

Beryl (?). (Infinitesimal crystal fragments of pale yellowish green.)

Bitumen.

Bloodstone. (Iron ore, hard hematite.)

Bog iron ore.

Bones. (More or less mineralized, mostly the remains of post-pliocene
animals.)

Brown ochre.

Brown ores of iron.

Calcareous tufa.

Cale spar.

Carbon. (See graphite.)

Carnelian. (See agate.)

Chalcedony.

Charcoal.

Chert. (See kaolin.)

Chipa clay. (See kaolin.)

Clay. (Varying from coarse hard-pan, bluish or red, to an unctious
white kaolin.)

Claystone.

Coal. (Cannel and ordinary bituminous, in small fragments.)

Copper. (Nuggets of various sizes, thickly coated with green oxides.)

Copperas.  (See pyrites.)

Feldspar. (Many varieties.)

Ferrous oxides.

Garnet. (Coarse and dull, small fragments.)

Gas. (Light carburetted hydrogen.)

(ioeiss.

Gold. (Mere traces.)

Granite.

Graphite.

Greenstone.

Hematite. (Brown.)

Horn-blende.

Iron ores. (Oxides of many varieties.)

Kaolin. (Not kaolin proper, but a fine white silicate of alumina with
lime.)
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Laumontite. (Supposed to be, adhering to fragment of copper ore.)

Lead. (Galena.)

Lignite, (Buried wood, more or less transformed.)

Limestone. (Of almost every kind.)

Magnesia. (Various silicates, steatite, serpentine, and the carbonate in
magnesian limestones.)

Manganese. (Peroxide )

Marble.

Meteorites. (See erolites.)

Mica. (In schistose rock-fragments and in fine dust.)

QOils. (Traces of petroleum, etc.)

Opal. (Opalized wood.)

Oxides. (Various.)

Pyrites. (Iron and copper.)

Salt. (Traces.)

Silica. (In many forms.)

Zinc-blende.

It will be seen that the above list, although far from complete, covers
a wide range of mineral substances. To the most casual observer it is
plain that the material composing the drift is far out of place—that it is
all transported matter. The bowlders and pebbles of granite, greenstone,
gneiss, trap and schist show beyond question that they have been brought
into Indiana from Canada These fragments are rounded and planed,
often finely grooved and striated. The limestone bowlders and pebbles,
though not as plentiful as those of the igneus or metamorphic kinds, are
found throughout the mass; many of them are fossil-hearing with beauti-
fully polished surfaces showing fantastic sections of the shells and other
organic remains.

Below is given a partial list of the fossils found in the drift.

Actinoerinus.  (Species not certain.)
Aviculopecten. (Species not certain.)
Bellerophon. * (Species not certain.)
Calymene. (Species not certain.)

Cheetetes.  (Species not certain.)

Chondrites. (Impressions in flat limestone.)
Corals. (Of nearly all the silurian and devonian genera.)
Cardaites. (Species uncertain.)

Orthoceras.  (Species uncertain.)
Productus.  (Species uncertain )
Pleuratomaria. (Species uncertain.)
Rhynchonella. (Species uncertain )
Streptalasma.  (Species npeertain.)
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Spirifer. (Bpecies uncertain.)
Tentaculites, (Species uncertain.)
Zygospira. (Probably modesta.)

Of course this list might be drawn out to a great length if we should
include those fossils found imbedded in the limestone fragments of the
drift; but, with the exception of chondrites, I have named none save those
identified trom fragments of the specimens found in the blue clay, and
most of these have been very small. As yet this microscopic study of
the foasil fragments present in the body of the bowlder till has but fairly
been begun. I hope in the future to push it much farther.



THE WABASH ARCH.
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Careful study of the rock out-crops and of the sections obtained from
gas wells in northern Indiana have fully confirmed the report made by
Professor Gorby in which evidence of a notable disturbance of the Niag-
ara strata was traced across Indiana far into !llinois.

The name Wabash Arch has been objected to by the State Geologist of
Ohio, Professor Orton; but we shall keep it, notwithstanding. If men
who claim to be devoting their lives to science would trouble themselves
less about the jargon of nomenclature and more about gathering facts we
should see much better progress in the direction of practical scientific suc-
cess. We have given the name Wabash Arch to the upheaval in Indiana,
and Wabash Arch it shall be. If Professor Orton take away the name, he
must take away the upheaval along with it!

Beginning at Kentland, in Newton County, and passing eastward across
Indiana, we shall find at each out-crop of the Niagara rock unmistakable
evidence of a disturbance of the strata. It was by the aid of such an
exploration that I was led to foresay that few, if any, gas wells would be
successful along the immediate line of the Wabash River from Lafayette
eastward. I ventured this prediction long before any boring for gas had
been done along the river. Of course I knew that there was risk, and,
for that matter, there still is risk. Gas may yet be found in vast quanti-
ties just where I have said it would not be found; still I adhere to my
forecast, because there is every reason upon which to base it. Gas is very
likely to escape through rock whose strata are broken and the break un
covered to the open air. This condition I found at intervals all along the
Wabash, and Professor Gorby verified what I had discovered, as shown
in his excellent sketch published in the 15th report of this Department.
In one matter I was mistaken. I took it for granted that, because the
Wabash River appeared to be running, as it actually is running, in an
irregular rift in the Niagara rock, it was, therefore, following pretty
nearly the summit of the anticline, The facts have since shown that the
disturbance is very broad and of a billowy, broken, irregular form, strag-

gling widely across the State in a direction from southeast to northwest in
a general way.
4—Grorosy.
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That this upheaval took place at the close of the Niagara period, the
evidence is conclusive. There is nothing to dispute it, in fact.

Let us review the testimony gathered from all sources. It has been
assumed by certain geologists that the arch here discussed is confined to
the Trenton formation, or, rather, that it occurred at the close of the
Trenton period. Other geologists have insisted upon referring it to the
Cincinnati or Hudson River uplift, making it a part of the great arch, so-
called, extending from the lakes to Nashville, Tenn. But so far as the
Indiana area is concerned, neither of these theories is tenable, if we ad-
mit that the Cincinnati arch is confined to the lower silurian formation.
In the first place that the Niagara strata are disturbed can not be ques-
tioned succesefully since they are not found unbroken in any outcrop north
of Indianapolis; and, moreover, the gas drillings show that the disturb-
ance is co-extensive with the entire area in Indiana over which the Niagara-
is the uppermost stratified rock. Were it not for the disturbance evident
in the Niagara outcrops, we might assume that the drill showed merely ac-
cidental inequalities in the formation, but when these inequalities are con-
sidered in connection with the visible cones, arches and faults observable
from Kentland to the head-waters of the Wabash, we can not turn away
from the inevitable conclusion.

In connection with my assistant, Mr. W. H. Thompson, I have ex-
amined all the exposures of stratified rock along the line of the Wabash
River, and over the area north of that river, and west of Logansport,
with a view to reporting the facts discoverable bearing upon the subject
under consideration. Prof. Gorby has carefully re-examined the area east
of Logansport to the State line. All the results are included in this paper.

In McKee’s quarry, near Kentland, the Niagara strata stand at angles
varying between 60° and 88° with the horizon. Indeed, some of them
appear to be quite vertical. There is not the slightest evidence of false-
bedding here. The rock is gray-blue limestone of coarse grain, and de-
posited in parallel layers, with thin clayey or marl-like partings. These
layers and partings show that the strata are upturned in the form of a
cone which has been truncated by the action of the glaciers. The quarry-
men take out the stone by a sidewise operation, following the succession of
layers by prying them off one after another. It is not first-rate building
stone, but has been found good for foundations, cellar walls and the like.

Taken by itself, this abrupt cone of Niagara limestone thrust up in the
midst of a prairie, offers a problem of no easy solution; but taken in con-
nection with the condition of the limestone strata along Monon Creek,
and with the very similar and far larger cone at Delphi, the truth begins
to appear in the form of an extensive and most interesting upheaval of
- the Niagara rock.

At McKee'’s quarry the fossils are neither plentiful nor well preserved,
but that all those found imbedded in the rock are Niagara fossils is beyond
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question, whilst those appearing in the clay partings between the strata
are, as far as they have been identified, are mostly of the Hudson River for-
mation. Prof. Gorby has suggested, and I am inclined to think correctly,
that these lower silurian fossils have been thrown up by the action of gas
or water. Evidently they are not in place, because the compact limestone
on either side is Upper Silurian.

It has come to be a hobby with geologists that no admission must be
made in favor of cataclysms or violent and sudden operations of nature;
and yet, within the memory of men now living there has been a breaking
and sinking of the crust of the earth in the Mississippi Valley by which
the whole face of a large area of country was strangely modified and
changed. The earthquake of 1811 was as sudden, almost, as a lightning
stroke, or, rather, a series of lightning strokes, and its mighty work was
done with all the energy and appalling force of a furious giant. The
effects are still visible, and will be probably for all time. Still, if I should
say that the upheaval, or rather the disturbance of the Niagara rocks in
Indiana, is the result of another just such cataclysmal generation of force
as that which wrought the earthquake effects of 1811, there are geologists
who would shake their heads and say: ‘‘ But, my dear sir, there were no
sudden upheavals. All the disturbances of the olden time were of slow
progression, the effect of centuries and centuries of imperceptible movement.
It is impossible, sir, that a chain of mountains should have been thrust up
by the impulse of a sudden and irresistible accumulation of pressure, or
by a sudden giving way of the earth’s crust under a pressure it was no
longer able to bear. Don’t talk about cataclysms, we have abolished
them.” Nevertheless, I will talk about ancient earthquakes whose effects
were far greater than those of 1811.

That these cones of upheaval in Indiana have been cast up by the sud-
den crushing of the earth’s crust is by no mneans impossible or improbable.
An examination of the texture and fiber of the limestones of these cones
will show that at the time of the disturbance they were in some places
still in a condition sufficiently plastic to bend and to receive various im-
pressions, and to take on great changes of shape without crushing, while
at other places they were broken into small angular fragments, or parted
by irregular but persistent cracks and fissures from top to bottom, so far
as we can observe. :

At McKee's quarry the cone-in-cone structure produced by points of
pressure from below, are everywhere to be seen. The force causing these
beautiful rosettes in the fiber of the stone has acted in a line exactly per-
pendicular to the original plane of deposit, showing that the strata were
once horizontal, and have since assumed their distorted forms. The fossils,
excepting those found in the clay partings, are more or less flattened,
indented, twisted and elongated by pressure, showing plainly that they
have been subjected to unusual conditions since their deposition.
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The strata of the formation at McKee’s quarry are not loosely tumbled
up, but are set against one another in a compact series, welded together,
so to say, by the cement of the clay partings (almost as thin as paper in
many places), which usually adheres to the surfaces of the stones when
quarried.

The whole rock mass has the appearance of having been subjected to a
squeezing process at the same time that it was being thrust upward by an
expansive force from below. The arrangement of the structural elements
of the rock shows the combined effects of these two agencies: compres-
sion from the side and perpendicular thrust from below. All around
this area of upheaval the drift is quite deep, more than 100 feet at some
points not three miles away, and yet the apex of the cone of rock out-
crop on McKee’s farm is probably the highest point in Newton county.
In every direction the rock surface falls rapidly, and the Devonian shales
and limestone are found deposited hard by in an undisturbed condition
non-conformably to the Niagara strata. Only a few miles away the sub-
carboniferous rocks appear horizontally deposited.

Passing eastward to Monon, in White County, and taking a careful
survey of the Niagara limestones outcropping along the streams, Mr, W.
H. Thompson and myself collected the following facts in addition to those
reported by Professor Gorby.

The drift is very thin, and often entirely absent in the little valley of
the Monon. During high water the stream lays bare the surface of the
underlying limestone, disclosing a most interesting subject for study. The
rock is broken into very small angular fragments throughout its substance,
as far down as any quarry has been sunk, but the fragments are all in
place, separated from one another by fissures running -at every possible
angle with one another. The surface of the rock-mass is beautifully
planed and stristed.

At one place we measured strice that were perfectly straight and paral-
lel for more than thirty feet. Their course was about eight degrees
west of south without any correction for magnetic variation. Every
thing shows that the cracking and crushing of the Niagara limestone an-
tedates the ice period, for the sirie in crossing the fissures show that the
force which did the scratching at the same time dragged forward small

- particles and filled up the cavities or cracks. In some places where the
rents or fissures are from six inches to eighteen inches wide; they are
filled with drift clay, in which have been found nuggets of copper and other
specimens of Lake superior formations. I could not find any evidence
whatever of any fissure having been filled with recently assorted matter,
which would be the case at some exposed points if the disturbance itself
were of recent date.

North of the Monon Creek the Niagara rocks dip northward at the rate
of from twenty to thirty degrees, which would appear to indicate a cone
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in this region not unlike that at Kentland in general form, but much
flatter on account of its slighter inclines.

Near Monticello, in the bauk of the Tippecanoe River, there is a mas-
sive exposure of the bituminous shales of the Devonian formation, which
shows no evidence of disturbance. But in the first gas well at Monticello
the Devonian (Corniferous) limestone was the uppermost stratified rock,
and it lay under a mass of drift 205 feet thick, as reported by the parties
boring it. Now, the surface altitude of Monticello above sea-level is 672
feet; take from this the depth of drift, 205 feet, and we have 467 feet as
the altitude of the top of the Corniferous limestone, while at Francisville,
a few miles distant, the altitude of the top of the Niagara limestone is 680
feet. The thickness of the Corniferous limestone at Monticello is about
48 feet. Subtract this from 467—=419, the altitude of the surface of the
Niagara limestone. This gives a difference of 216 feet in the level of the
Niagara limestone between Francisville and Monticello. The black
Devonian slate or shale is from 60 to 80 feet thick at the river bank
near the Norway mills. Near the point where the Monon flows into the
Tippecanoe is an outcrop of Corniferous limestone showing no evidence of
disturbance. Thus the Monon Creek flows down from its source on the
heights of a Niagara upheaval and joins the Tippecanoe in a Devonian
valley. This of itself would be very strong and very competent evidence
of an upheaval of the Niagara formation.

Passing eastward into Carroll County, we find the city of Delphi occu-
pying the truncated apex of a cone very similar to the one near Kent-
land, but far more extensive. Here the strata of the Niagara limestone
‘“stand on edge” at angles indicating an arch of from 45 to 50 degrees,
measured by a chord ef about two miles. In the bluffs of a deep ravine
near the northeastern limit of the city a section of a part of this arch
is exposed, affording a fine study of its formation. Hard by in the
bluffs of Deer Creek are massive exposures of the Devonian shales depos-
ited horizontally without any evidence of disturbance.

Taking the angle of ascent at opposing points in the Niagara arch at
Delphi, and calculating the apex therefrom, I found that the highest
point of the cone would have an altitude of about 860 feet above sea
level, which would place it nearly exactly on a level with the surface of
the Niagara limestone in the Fairmount gas well No. 1, and, indeed, on
a fair average with many of the higher points of the gas-area northeast
of Indianapolis. The following table will show the altitude in feet above
sea-level of the upper surface of the Niagara limestone at some of the
highest points in the gas field of Indiana:
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New Castle . . . . . . . . . . . . . ... .. 812
Fairmount. . . . . . . . . .. ... .. ... .. 870
Jonesboro . . . . . . . . L. L L. e e e e e 678
Bummitville. . . . . . . . . . . ... ... ... ... 796
Marion. . . . . .. ... .. e e 752
Farmland T 982
Winchester . . . . . . . . . . . ... .. 0. 960
Rushville. . . . . . . ... ... e e e e e L 884
Shelbyville . . . . . . . . . . . . e e 698
Francisville. . . .". . . . . . .. .. . . ... ... ..., 680
Peru . . . . . . e e e e e e e e e e e e e C.. 621
Kokomo. . . . . . . . ¢ . . e e 778
Broad Ripple . . . . . . . . .. ... o000 672
Dunkirk . . . . . . e e e e e e e e 909
Noblesgville . . . . . . . . . . ... .. ... ..., 685
Greenfield. . . . . . . . . L . L. e e e e e e e 726
Anderson . . . . . . i e e e e e e e e e e e e e e e e e e 776
Frankfort . . . . . . ¢ & v« i it e e e e e e e e e e e e 563
Hartford City . . . . . . . . .. .. e e e e e e e 813
Montpelier . . . . . . . . .. ... e e 836

This table, when compared with another given below, will show that
the Niagara rock, when reported upon by the drill, discloses quite as un-
even a surface as does the famous Trenton about whose ‘¢ antielines” and

*¢ synclines” 80 much has been written of late.

TABLE SHOWING ALTITUDE OF TRENTON LIMESTONE.,

NewCastle . .« o v v v v o bt e e e 120 feet above sea level.
Fairmount . . . . . . . . . .« . .. e e e e e e e 41 “ below «
Jonesboro . . . . . .. ..o oo 72 0%« “
Summitville . . . . . . . ... oo g2 ¢ o« «
MAFIOD « + - v ¢ ¢ ¢ e e e e e e e e e e 67 « o« «
Farmland. . . . . .« « ¢ ¢« « v v v b e e e 55 “ above «
Winchester . . . . . . . . ..o oo ool 53 « o« «
Rushville. . . . . . ¢« ¢ v o v v v v v o v 0 o o . 124 ¢ “ “«
Shelbyville . . . . . . . . . .o oL 79 “ below «
Francisville. . . . - « « « « o o« v o o v oo 200 ¢ 0« «
Pertl . = v v ¢ v ot e e e e e e e e e e e e e e 218 ¢ o« «
KOKOMO . « « + o o o « = v o o o v o v o o o o o 7 ¢« «
Broad Ripple . . . . . . « . . . oo oo oot 109 « o« "
Dunkirk . . . . ¢ ¢ ¢ ¢ 0 o v e e e e e e e e e 14 « (] «
Noblesville . . . « ¢« ¢ & ¢« v« v v o e e e 85 o« «
Greenfield . . . . . .« - . . .0 e e e e 54 ¢ o« «
Anderson . . . . . .+ . - - e e e e e e e s e 66 “ above o
Ftankiort ..................... 487 ¢ be]o' .
Hartford Cily ............. e e e e e e 40 “ “ “

Montpelier . « - . - < . o . o .o oo 110

and 858

and 741
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Taking the foregoing tables, a comparison of figures will show the gen-
erul westward dip of the strata, in both the Trenton and the Niagara
rocks. Of course it should be remembered that the Niagara having been
exposed to the great glacial forces, must have been worn away greatly in
places, but it must also be considered that as a rule the highest points
would be most eroded. Viewed with these conditions in mind and re-
membering the visible surface proofs of an Upper Silurian disturbance,
these tables will be found coinciding with the evidence yet to come.

From Delphi, passing along up the Wabash River, we shall find no
evidence of any disturbance until we again see the Niagara rock outcrop-
ping, which is near Logansport. There the strata are tilted and distorted
with the Devonian limestone, non-conformably deposited over it. At
Kokomo and Peru we find the Niagara limestones broken and upturned,
showing a continuance of the disturbance, and going on to Wabash, La-
gro, Huntington, Marion, and Decatur, we find at every outcrop the un-
mistakable signs that we are still skirting along the northern verge of the
Wabash arch.

The following tables will afford some curious facts:

Table of notable extremes in the altitude of the surface of the Niagara
limestone, as shown by the drill : '

Francisville. . . . . . . . . .. ... ... ... 647 feet above sea level.
Oxford . . . . . . . . . . e 3 « “ “ “
Frankfort. . . . . . . . . . . . . . ... 563 « [ “« “
Noblesville . . . . . . . e e 685 « “ s “
Kokomo . . . . . . . ... .. .. ... 778 ¢ « “ “
Rushville. . . . . . . . . . . .. ... ..., 884 « “ “ “
Crawfordsville . . . . . . .. ... .. ..... 81 « « « «
Well No.1l,atPeru . . . . ... ... ... ... 621 « “ “ “ o
Well No.2,atPeru . . . . . . . . .. ¢ oo 690 « o« “ “«
Shelbyville . . . . . . ... ... ... .... 698 « o “ “
Valparaiso . . . . . . .. .. ... ... ..., 443 « ¢« o«
South Bend . . . . . . . . v .« v v v v v v v v 245 ¢ ¢ “« o«
Elkhart . . . .. e e e e e e e e e e e e 126 « .« “ “

By the above it will be seen that from Oxford to Francisville, a distance
of about thirty-nine miles, there is a rise of 644 feet in the surface of the
Niagara limestone. From Crawfordsville to Frankfort, 28 miles, the rise
is 482 feet. From South Bend to Elkhart the fall is but 120 feet in
about 20 miles, while at Peru there is a difference of 69 feet between two
wells. Shelbyville and Rushville are about 20 miles apart, and the
Niagara limestone is 186 feet lower at the former place than at the latter.
Although the general dip of the strata, when undisturbed, is westward,
the Niagara at Kokomo, as shown in the firat table, is 26 feet higher than
at Marion, which is 30 miles farther east. Taking a section across the
State from Decatur to Crawfordsville, we shall have the following :

‘,‘,-.‘ RS BN w{;

i oYY j
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Niagara above sea level.
Decatur . . . . . . it it e et e e e et e e e e e e e 768 feet.
Bluffton . . . . . . . . . e L e e e e e e e e e e e e e e 7 “
Marion . . . . . . . . ¢ i i v i e e e e e e e e 7562 ¢
Kokomo . « & & v v v o i vt e e e e e e e e e e e e e e e e e 778 «
Frankfort . . . . . . . . . .. . . .. . 563 «
Crawfordsville . . . . . . . . . v . i v i i e s et e e e e 81 «

Decattir. « « ¢ & & v v v v v e et et e e e e e e e e e e e e e e e 768
Huntington . . . . . . . . ¢ . i 0t i v i i i i e e e e e e e 738
o 621
Monticello . . . . . . & . ¢ o it i et e e e e e e e e e e e e 427

Which shows simply a regular dip westward. The truth, in a nut-shell,
is that the drill is not to be relied upon for locating slight disturbances
of hidden strata. Everything that the drill has shown with regard to the
Trenton rock in Indiana may be explained perfectly by either affirming
or denying the existence of obscure folds or anticlines in that deep-buried
formation, and the same is true of the Niagara rock. In the case of the
latter, however, we have auxilliary evidence of the most indubitable kind
with which to corrohorate the testimony of the drill. Of course, if the
Niagara limestone is folded ever so slightly, it follows that the Trenton is
folded also, and the only question left to discuss, is whether the disturb-
ance, if there is one, originated at the close of the Niagara period. If
the Niagara formation is disturbed and the immediately superior forma-
tions are undisturbed, then my point is made, and I am right in saying
that the system of low anticlines in Indiana (which is the chief geological
feature of our gas field) was formed as late as the close of the Niagara
rock making. Furthermore, if this upheaval is a part of the ** Cincinnati
anticline,” the whole great range of disturbance extending from the lakes
to Tennessee, and heretofore referred to the close of the Hudson River
period, must now be set down as occuring long after the lower Silurian
formations were finished, and as late as the period in which the water-
lime deposits were being laid down.

Professor Orton, State Geologist of Ohio, whose attainments are of the
highest, has noted, without explaining, the fact that gas is rarely found
in the Trenton rock under areas where the Niagara limestone is not
the surface or uppermost stratified rock. It appears to me that this
of itself is very suggestive of a disturbance which has brough the Niagara
to the surface. Indeed, in Indiana the highest points above sea-level are
areas wherein the Niagara limestone is the uppermost stratified rock, and
some of the lowest points are those capped by the Carboniferous deposits.
These facts testify of upheaval on a wide scale.
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In my opinion, Professor Cox was on the right track when he suggested
that the ‘‘Cincinnati anticline” is but part of a great continental dis-
turbance. I think this will be the final verdict of science, but the up-
heaval will be referred to the close of the Niagara period, and not to the
age of the Hudson River rocks.

One fact which should be recorded as of value in connection with the
peculiar condition of the Niagara limestone along the line of the Wabash
River is the difficulty experienced in boring through it. The drill en-
counters the strata at an angle often as great as 60°, rarely less than 40°,
and the tendency to follow the trend of the hard layers is such that
the bore is made very irregular. This trouble was encountered in a
marked degree at Logansport and Delphi. It is to this tilted and conical
condition of the Niagara strata that we owe the wonderful apparent
thickness of the limestone at many points, for in boring through a stratum
tilted up at an angle of from 45° to 80°, its thickness is apparently much
greater than when drilling through it at right angles. Had the conical
upheaval near Kentland never been truncated by glacial action, a drilling
near its apex would have shown the Niagara limestone to be (apparently)
eight or nine hundred feet thick, owing to the acuteness of the bore’s
angle with the face of the strata.

Although, as I have said, we must not depend too much upon the story
that the drill tells, we may, I think, assume that we are now in pos-
session of facts sufficient to warrant the statement following: If the drift
were stripped clean off the Niagara rock of the Indiana gas field, we
should see a surface composed of hillocks and hollows, long low swells
and sharply abrupt, or, perbaps, truncated cones, a surface, indeed, not
unlike a sea whose gale-tossed billows had been turned suddenly into lime-
stone. Upon close inspection we should find that most of the higher points,
like those exposed at Kentland and Delphi, have been ground down a
great deal by the glacial forces. It may be that the theory is true which
assumes that the Devonian and Carboniferous deposits once lay over our
entire gas area ; but I find the evidence all disputing it directly and em-
phatically. The coal basin of Michigan and the Carboniferous area of o
Indiana lie on opposite sides of the great Niagara distusbance the axis of
which in Indiana has been named the Wabash Arch. For example,
taking a starting point in Gibson County, Indiana, and making a sheer
section through the strata to the Michigan coal field, we should find the
Niagara limestone” far below sea level at our starting point, whence it
would gradually rise northward to Frankfort or Kokomo. Then, from
some point a little south of the Wabash River would begin a descent
northward, which soon would carry the strata below sea level again, show-
ing that, in a general way, there is a low broad swell of the Niagara form-
ation crossing Indiana from southeast, er east to west, or northwest,
forming a dividing ridge between the coal fields of Michigan and those of
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Indiana. A line drawn from Crawfordsville, in Montgomery County,
Indiana, to Elkhart, Elkhart County, Indiana, near the Michigan line,
would show, in accordance with the gas bores nearest the line, a ridge of
Niagara limestone about 400 to 500 feet higher between the extremes
than at them. For instance, at Frankfort the Niagara is 563 feet above
sea level, while at Crawfordsville it is but 81 feet above, and at Elkhart
but 125 above. Take Martinsville, Kokomo and Elkhart, all in Indiana,
and we shall find the Niagara rock surface at Kokomo 770 feet higher
than at Martinsville, and 653 feet higher than at Elkbart. In fact, any
section from south to north across the Wabash Arch will show a like anti-
clinal arrangement of the Niagara formation, but not a corresponding or
equivalent arching of the supsrior formations. In other words, the
Niagara breaks up through the Devonian and carboniferous rocks, in a
general way, and wherever the latter exist on the disturbed area they
are laid down non-conformably.

Doubtless the glacial forces removed a large part of the Devonian de-
posits, for the bituminous shales and even the Corniferous limestone form-
ations appear in scrappy, island-like remnants here and there between
areas of Niagara limestone, which, wherever exposed, shows the unmis-
takable grinding of the glaciers over its surface.

From my point of view, with all the facts at present before me, it ap-
pears probahle that the upheaval, of which the Wabash arch is a part, is
connected with a continental disturbance which occurred at the close of
the Niagara period or thereabout, and before the rocks of that formation
had hardened into stone. That subsidence followed this upheaval, after
the rocks had hardened, and the force of this sinking crushed the stones
and arched the Niagara formation into local bubbles or cones as we to-
day find it, at the same time creating the fissures in which the Wabash
River is now flowing. Of course all the strata below the Niagara are
affected by the disturbance, hence the condition of the gas-bearing Trenton
limestone which, as shown by the drill, is lifted up in conical and bubble-
like folds or knobe all over our gas-area, and these bubbles need only to
be pricked by the drill to emit their long-imprisoned treasures of inflam-
mable matter.

As yet no lasting, high-pressure supply of gas has been found under an
area where the Niagara limestone is hadly broken. This appears to me
strong proof of the fact that where these breaks occur they extend down
to the Trenton, and hence have permitted the gas to escape. The
Wabash River marks a series of breaks in the Niagara limestone from
Huntington, or eastward of there, to Delphi, and no gas of value has
been found along that line or north of it, because the strata north of the
river ascends toward the fissures. South of the river gas has been found
in abundance, because the strata ascends from the fissures up to the root
of the Wabash arch. Leaving the fissures at Delphi, the Wabash river
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cuts through the low rock barrier and flows southward to the Ohio.
Northwestward from Delphi (near Francisville) where the Niagara rocks
again assume the form of a wide flat bubble, gas is found in considerable
quantity, showing that wherever the Trenton is lifted and the Niagara
left arched but unbroken, gas may be looked for with confidence. I am
not prepared to venture an explanation of the correlation between rock-
arches and gas accumulations further than to suggest the simple law gov-
erning the escape from imprisonment of any substance lighter than air when
an opening is presented to it. 'Wherever the strata confining gasare fissured
down to the gas, the gas will escape. Along the way of the Wabash
River the rocks are fissured and the gas north of the river has escaped
because the Trenton reservoir is lower than the fissure; but south of the
river the Trenton reservoir being higher than the fissure the gas is re-
tained wherever its pressure has been resisted by columns of water, oil or
other matter flowing into the fissure, and also into the lower planes of the
reservoir; for it is evident that gas will expand until it fiods the limit of
resistance in every direction. Long before a bore was sunk at any point
on the Wabash River I predicted, in accordance with this view, the find-
ing of gas in the area northeast of Kentland, that is in the region of
Francisville, and T also predicted the failure to find it at Kentland,
Delphi and all along the Wabash, and north of it in a general way, from
Delphi eastward, predictions which so far have not failed.

On the Blair farm, about two miles southwest of Francisville, five
wells have been sunk, gas being found at a depth of 618 to 625 feet, the
drill beginning in the Niagara rock, which is here overlaid with from 6 to
12 feet of modified drift and soil. At a depth of from 10 to 180 feet the
drill encounters crevices, cavities and tilted rocks which greatly impede
progress. Indeed, the Niagara strata all the way down are broken and
uneven, the layers very much slanted and the texture gnarled and re.
fractory.

At a number of points in the Francisville region the Niagara limestone
crops out and is fissured and disturbed. On Prewett’s farm, five miles
northwest of Francisville, there is a sudden drop in the surface of the
Niagara limestone. Two wells sunk there show the Niagara at the sur-
face on one side of a narrow marsh, while at the other side a 30 foot
stratum of the black Devonian shale is 60 feet under the drift and lying
quite level. The two points are less than a furlong apart on a level
prairie. This condition of the strata shows either a fault or a sudden
dip of the Ningara limestone ’

In digging a well in the edge of Jasper County, four and a half miles
northwest of Francisville, a vertical crevice was found in the Niagara
limestone out of which rose a strong vein of water. The crevice was a
foot in width and filled with ‘“ quick-sand,” into which poles were thrust
many feet without finding bottom. In this sand were found the bones
and antlers of a deer. .
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On Pinkamunk River, seven miles west of Francisville, there is a sud-

den dip, or change in level, of one hundred and ten feet in the Niagara
limestone within less than a quarter of a mile. The black Devonian
shale is always found in the lower planes of these faults or *‘ drops,” or
monodines, as the case may be, showing that it has been deposited non-
conformably.

It may be well to remark just here that in this study I have taken no
account of the stratum of water-lime rock, varying from nothing to thirty
or more feet thick over most of the Niagara area north of the Wabash.
I have treated it as ‘‘ Niagara limestone,” as it appears to have been
affected by the disturbance here under consideration, and, moreover, it
has heen hard to distinguish it at most points.

The following table contains a partial list of sudden changes of eleva-
tion in the Niagara limestone near Francisville, Kentland, Monon, and
Delphi :

Delphi. . . . .. e e e e e e e e 150 feet in less than half a mile.
Francisville . . . .. ... ... .... 110 « ¢« ¢ quarter-mile.
Francisville . . . . . .. ... .. ... 9 “ “ “ furlong.
Kentland. . . . . . . ... ... ... 260 “ « « mile

Monon . . « v v v v v i v e 60 « «  “ mijle.

The above changes of level in a number of instances would be much
greater if we calculated the truncated part of the eroded conmes. All
these inequalities might be referred to the effect of glacial action were it
not for the Devonian deposits found resting in level strata above and
around them, and for the uptilted, broken, warped and distorted condi-
tion of the Niagara rock strata.

The gas found on the Blair farm, above referred to, is of excellent
quality, dry, clean and almost odorless, burning with a strong, clear flame.
It is found in a grayish magnesian shale, or granular, Jaminated mag.
nesian limestone, of open porous texture, lying in the dividing line be-
tween the Hudson River and the Niagara formations. The gas-bearing
stratum is about twenty feet thick, and below it are the Hudson River
and Utica shales overlying a very hard close-grained, cherty and barren
Trenton limestone. This fertile dividing ¢ seam” afforded a sharp flow
of heavy oil in the first well at Francisville at about 630 feet below the
surface.

Taking now a wide survey of the area north of the Wabash River, and
west of a north and south line through Logansport, we shall find that the
surface of the Devonian shale at Valparaiso is seventy-two feet lower
than the surface of the Niagara limestone at Francisville, the same shale
at Oxford is 367 feet lower than the Niagara at Francisville, and at
Monticello the Niagara is 2568 feet lower than at Francisville. This view
shows that the sudden breaks near Francisville are not local merely, but
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part of a great Niagara disturbance which runs across the State. More-
over it clearly demonstrates, in connection with the other facts set forth
in this paper, that the Devonian and other stratified formations superior
to the Niagara, have not been affected by the disturbance, and that there-
fore they have been deposited since the disturbance took place.

The chief economic interest attaching at present to the Wabash Arch
is connected with the gas and oil deposits found within the hollows of its
porous folds. As far as the arch goes both gas and oil are likely to bé
found save in those areas where the rocks have been so broken as to per-
mit the escape of these substances. In this connection it is interesting to
note that in the broken and crushed Niagara rock at Monon the oil has
evaporated until there is left in the crevices a tough bitumen of a very
dark brown, almost black color, gxceedingly heavy and coal-like. The
gas has escaped through these crevices, leaving this residuary hitumen to
tell the story of its departure. It is entirely possible, almost probable,
that a considerable area of paying oil deposit may yet be found on the
northern and northeastern slopes of the Wabash Arch. Indeed, some
wells already sunk give great encouragement, notably those at Royal
Center.



FOSSILS AND THEIR VALUE.

WILL H. THOMPSON.

L

THE USBE OF FOSSIIS,

In writing for the understanding of the people generally, it is hard to
find terms or phrases suited to convey clearly the nature and the import-
ance of that connection which a knowledge. of fossils bears to an intelli-
gent study of even economic geology, Every geologist knows full well
that most people verily believe science to be a humbug. There iz an
abiding popular faith in what is called ‘‘ practical knowledge,” a phrase
that covers all manner of blunders, discouragements and disasters. Science
is, in fact, the only true practical knowledge, and there is no such thing
as permanent success disconnected from business done upon scientific
principles. Geology, for instance, is simply a knowledge of the earth’s
materials. Out of these materials come all the substances which go into
the arts, the commerce and the subsistence of mankind. Geology is not,
therefore, a mere study of rocks for curiosity’s sake. It is the study of
the earth for man’s sake. To properly study the earth we must first get
possession of a key to its secrets, or to a part of its secrets, at least. It
has been demonstrated that the fossils found in the rocks furnish this key.
Geologists know this so well that they take it too much for granted that
the people know it also. It would seem to be the duty of this department
to write for the people rather than for the geologists. The people of
Indiana pay for the geological work of the State in order that they may be
nformed, along with all the rest of the world, upon the matters connected
with a proper understanding of Indiana’s physical resources. Many per-
sons of considerable intelligence come to the museum of minerals and
fossils, and go away scoffing at the possibility of such a collection of
objects ever having any bearing whatever on the development of the
State. So-called ** practical” men are fond of asserting that all geol-
ogists are cranks, and all scientific investigators mere theorists. One
thing, however, is very notable; there is not a single instance on record
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of & man who, after giving geology a fair study, ever denied that its
importance is very great. It is those only who are ignorant of the truth
who profess a contempt for it.

Coming now to a short study, in the plainest way, of the relations be-
tween a practical knowledge of fossils and the proper understanding of
the formation of the earth, let us first take the simplest examples at our
command. If any particular general deposit of stratified rock be ex-
amined we shall find certain fossil forms, either vegetable or animal, or
both, peculiar to that rock alone. This being demonstrated, we may be
certainly able thereafter to identify the rock by its fossil forms, no matter
in what locality found. By long study and careful comparisons, geol-
ogists all over the world have been able to describe, figure and classify a
vast number of these fossils and assign to each genus and species its lo-
cality or horizon in the rocks of the earth. Hence it is that a museum
of fossils has a great value, as it holds the specimens from which it is
easy to determine the name and locality, as well as the peculiar formation
holding it, of any fosgil in question. For simple instance, a citizen of In-
diana living in Carroll County came to the State Geologist and claimed
that he had found coal while boring a well in that county. The Geologist
immediately told him that he was mistaken, that it was quite impossible
for coal deposits to exist in the region indicated. How did the Geologist
know this? He knew it because he had fossils from the topmost fossil-
bearing surface rocks in that county, which showed those rocks to be of
the Devonian age—rocks deposited long prior to the rocks of the carbon-
iferous or coal-bearing age. This was a test which could not fail. The
apparently useless fossils of the cabinet, and the apparently dry and use-
less reports of the State Geologist, here showed their value to the citizen,
who, but for their information, would have been tempted to expend large
sums of money in trying to demonstrate that Devonian black shale is
coal. Another case in point was that of a gentleman who, in boring a
well for gas, struck a very hard stone which he reported to be gray gran-
ite. The State Geologist asked for a piece of the stone, and a fragment
was brought to him, which contained a fossil of the Niagara limestone,
and which readily dissolved under the action of acid. Here was perfect
proof that the rock reached was not granite, but was limestone and of the
Niagara formation, a formation which lies far above the granite when in
place. It is true that limestone is easily distinguished from granite by
the naked eye, but the testimony of the fossils goes to the age of the rock
and its proper place in the crust of the earth. It is testimony which al-
ways amounts to conclusive evidence. No man who knows whereof he
speaks will ever contradict it, nor is there any better source of evidence
likely to be discovered touching the remote history of the processes of
nature.
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So it will appear plain to even the most unscientific mind that fossils
really have a use, and may serve civilization a valuable turn; for the
moment that a cabinet of specimens ceases to be a mere collection of curi-
osities, it begins to take on a practical and precious significance to the
student and to the broad-minded business man as well.

It is not, however, the greatest value of geology that it has a strong
bearing upon the physical development of the countries in which its re-
sults are applied. There is a higher function of the science, which is to
broaden the intelligence of the world, and thus to aid in impelling civili-
zation along the best lines of progress.

What are fossils? In a general way, a fossil is any object, organic or
inorganic, which has been preserved in the rocks of the earth, and which
testifies of a past period of terrestrial life. Even the implements made
by prehistoric men are, if found imbedded in the earth, strictly fossils.
This admitted, the view widens at once, and we see that the study of
these unearthed remains may tell a story even more reliable and indis-
putable in many particulars than the written histories left us by men.

That fossils are of great use, then, can not be questioned. They are
the alphabet of that language in which the records of nature are written
on the rock tablets of our earth. This alphabet must be learned before
those records can be read and understood ; and, after all, the lesson is not
so difficult as it might at first appear to be. Much depends upon the
spirit in which the task is undertaken.

IL

TAE NATURE AND DISTRIBUTION OF FOSSILS.

Organic fossils are of two kinds, animal and vegetable, and they repre-
sent a great variety of genera and species, most of them quite extinct at
present.

Inorganic fossils, as we shall consider them, are confined chiefly to ob-
jects manufactured by prehistoric men.

Animal remains, found in a fossil state, are distributed throughout the
sedimentary rocks of the earth from the lowest limestones of the lower
Silurian formation up to the most recent deposits on the surface of our al-
luvial areas. It is scarcely necessary to consider here the shadowy
and doubtful remains claimed to have been found in certain of the
older rocks. We may safely begin with the lower Silurian limestones as
the lowest legible register of the fossil history of animal life. These fos-
sils appear to have been almost wholly deep sea animals of simple struct-
ure comparatively and of a low order of life. A great number of them
can be compared in general structure with the simpler shell-fish of the
present time, and, so perfectly have their forms been preserved, we can
figure, describe and classify them with almost as much accuracy as can be
applied to living organisms. Moreover, the science of comparative anat-
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omy has been so perfected that we can certainly assign to every part of
any fossil form its function in life, and thus demonstrate the habits and
mode of existence, and finally the habitat of the animal while living. In-
deed it is perfectly possible for the expert comparative anatomist to recon-
struct the form of an extinct species by the clue furnished through the
study of a single and even minor part of the animal.

It has been shown by a comprehensive survey of all the best defined
facts resulting from paleontological study that organic life has probably
developed gradually from a lower to a higher state, and from general to
special forms through all the past ages. The nature and the distribution
of fossils settle this theory pretty clearly, and the facts of the post-fossil
period do not conflict with it.

From the Lower Silurian to the Upper Silurian, thence to the Devonian
and on up through the Carboniferous to the Drift deposits, the rocks of
Indiana are marked by characteristic fossils by which each stratum may
be distinguished from all the others. The same may be as well said of
the stratified rocks in every country on the globe.

Vertebrate animals have left their remains in these rocks, so as to be
certainly identified as far back as the Devonian age, early in which fishes
must have swarmed in the waters. In the Devonian strata of Indiana,
however, few perfect impressions of these fishes have been found, though
teeth, scales and fragments of other parts have been gathered in great
abundance, mostly in a rather imperfect state, owing to the conditions
under which they were deposited.

The Carboniferous Age is represented by rocks bearing a wonderful
amount and variety of plant fossils, the vast deposits of coals themselves
being the result of vegetable accumulations. Besides the plants, these
interesting rocks contain a great number of curious and characteristic sea
animals, among which the crinoids have, perhaps, attracted most atten-
tion, though the pentramites, the archimedes and the star fishes have claimed
a great deal of discussion.

The fossils of the Drift proper are water-worn and ice-worn pebbles
and bowlders (these may properly be termed fossils in this connection)
and worn fragments of coal, iron ore, granite and greenstone set in a body
of peculiar blue clay. These inorganic fossils antedate and underlie the
superficial formations in which are found the remains of the mound-build-
ers, the flint, copper and pottery implements of various Indian tribes, and
the skeletons and fragmentary remains of various huge extinct animal
species like the mastodon and mammoth.

A large number of so-called sub-fossil remains have been unearthed
from the alluvial deposits of Indiana, but these have no important bearing
upon the geology of the State, the species being such as are still extant in
the regions where the specimens were found. It is well, nevertheless, to
examine them carefully.

5—QGxoLoaY.



58 REPORT OF STATE GEOLOGIST.

IIL

THE IMPORTANCE OF COLLECTING AND PRESERVING FOSSILS.

If intelligent people generally would take a reasonable interest in col-
lecting and preserving fossils, most excellent results would be sure to fol-
low, especially if the fossils were promptly donated to the State museum.
Indeed it is very strange that so little is done in this way for the upbuild-
ing of a great collection dedicated to the use of the people. The State
Geologist can accomplish but a small part of what could be effected if he
had the hearty help of active and intelligent men and women all over the
State, who would send him the results of their work done in leisure mo-
ments. While it is true that a large number of the fossils taken by any
collector will be practically without any value, it is also true that now and
again something new, instructive and sometimes very valuable will turn
up. Itisacommon and very foolish mistake to imagine, however, that
money can be made by collecting fossils for sale. The sooner this notion
is cast aside the better for everybody. The only worthy reward to which
the collector can look forward is the satisfaction of knowing that he has
done something to aid in the general advance of scientific investigation,
and that he has thereby added something to a study which will widen the
scope and enlarge the powers of our civilization. The collecting of a
great museum of organic remains for our State should be a matter of in-
terest and pride to every good citizen, and it is to be hoped that in the
future more will be done to help in the matter than has yet been thought
worth while. A great many small private collections exist all over the
State; these are quite worthless, save as curiosities, to their owners,
while if they were donated to the State and properly set up in the mu-
seum they would become for all time the source of education and profit to
all the people of the great commonwealth. This is especially true of the
relics of prehistoric men—the flint, copper, bone and pottery implements
and ornaments found here and there all over the State. Such collections,
while they are cumbersome, inartistic and quite out of taste and place in
a private house, are the fitting furniture of a great popular museum.
Their only value is in connection with a public exhibition which should
be as permanent as the government itself, and to this all private collec-
tions should be promptly and willingly donated.

Iv.

HOW TO COLLECT FOSSILS.

The chief thing in the makeup of a successful collector is a pair of good
eyes, the next thing is a habit of close and accurate observation, then
comes a knowledge of the great value which may attach to the very
simplest objects in nature, and finally perseverance.
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Singularly enough, a prejudice exists in the minds of people against
the collector; by them he is looked upon as a harmless but misguided
‘ crank ” wasting his life on a pursuit too utterly unprofitable to be worth
the notice of intelligent and energetic manhood. This is chiefly because
the objects and the remote results of science are not palpable, present
things, subject to the immediate test of popular experiments. On ac-
count of this well-known prejudice many persons who otherwise would de-
vote much time to observing and collecting can not muster up courage to
face the current of vulgar comment. The writer of this paper only a
few days ago was accosted by a man who saluted him thus: ¢ Hello!
nosin’ round ’mongst the dornicks, eh! Findin’ many periwinkles these
days? How much are ye a givin’ for snail-shells an’ injin flints now ?”
Here was a different phase of the same spirit which formerly made

martyrs of all investigators. The collector and student of nature must
~ expect that he will meet this spirit, and unless he be able to meet it cheer-
fully and as a matter of course, he will be sure to accomplish very little.
On the other hand, however, he will find many friends and helpers; men
and women who, unable or unprepared to give attention to science, are
still willing and anxious to offer every aid in their power to make the
‘way easy for those who are devoting their lives to the work of collecting
the facts upon which knowledge is based.

The tools of the collector are few and very simple. A good steel ham-
mer with a rather long poll at one end and an edge at the other is the
most important ; it should have a strong but slightly elastic helve about
twelve inches long, and may be carried in one’s pocket. This is to be
used in breaking the stones and in extracting fossils where it may be done
without very careful work. A small cold chisel of very hard and tough
steel is very useful in taking out delicate fossils where it is necessary to
cut round them with great care and caution. Armed with these two sim-
ple implements a fairly expert person can be very successful in obtaining
specimens of all the organic forms discoverable in outcropping rocks. Of
course, when excavation becomes necessary the usual quarrymen’s tools
must be used. A basket for carrying collected specimens is very handy.

One thing most often overlooked by even expert collectors is to keep a
perfect record of the place and the rock in which each specimen is found.
This should never be neglected for a moment. Always carry a book and
a pencil for the purpose, and so soon as a specimen is taken, make a careful
descriptive note of the fact together with an account of the surroundings ;
then mark each fossil to correspond with the entry in your book; by this
means all mistakes may be avoided. Without such a record a collection
may be almost useless.

When a collection is being made for private purposes the collector can
confer a great favor upon the State, and at the same time add value w
his own fossils by sending duplicates to the State Geologist, who will take
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great pleasure in assisting in their identification, both for the collector and
the State Museum. Private collections donated to the State will be label-
ed with the donor’s name and thus become a permanent monument to his
public-spirited and liberal act. Of course it is quite impossible for one
not an expert to know much about the interest or the scientific value of
what he may collect, but he will always find men of science ready and anx-
ious to give him every aid in their power. If intelligent people generally
could be induced to take a fair interest in building up a great State Mu-
seum we should soon succeed in the work. A magnificent foundation is
already laid, and no room in the State Capitol is more visited or better
enjoyed by the people of the State. It is to be hoped that greater inter-
est than has been heretofore manifested may be taken in this subject.

V.

FOSSIL BEDS OF INDIANA.

No State in the Union has greater or more varied fossil beds than has
Indiana. From the Ohio River to as far north as the stratified rocks are
found outcropping most interesting deposits, rich in remains of both animal
and vegetable organisms, have been worked with great success by collectors
and learned explorers. Ever since the days of Owen and Lyell the rocks
of Indiana have demanded and received the attention of the best paleon-
tological experts, but not until within the last twenty years have the strata
generally been cut in every direction by railroads to an extent that has
rendered their contents easily approachable by the collector. Along with
the advance of great internal improvements in the State, science and
scientific methods of investigation have been making rapid progress. The
common school system, the enterprise and learning of our newspaper and
magazine publications, the liberal aud enlightened policies of our pulpits
and our colleges,-and more than all, perhaps, the restless, inquiring,
investigating spirit of our people have pushed forward the study of every
material interest, and this has forced the study of geology and its kindred
sciences upon us as a matter of practical importance. Consequently, all
the best known and richest fossil beds as yet discovered in Indiana have
been pretty thoroughly explored and studied by very competent men.
The coal-measure fossils of Indiana, especially the vegetable forms, have
had the least attention, while those of the Lower Silurian, the Niagara
group and the Keokuk shales have become most widely known. Certain
coral forms of the Devonian formation, however, have been most thoroughly
studied and figured. The black shale of the Devonian has not had due
attention, its fossils being of very rare occurrence, and so few of them
have been found that there is yet room for doubt as to the rock’s geologi-
cal identity. To this shale the enthusiastic student may turn for investi-
gation, with a chance to win his spurs in science by collecting a suite of



FOSSILS AND THEIR VALUE. 61

fossils, from which the deposit can be certainly placed. It is not to the
famous fossil mines that one must go for something new, but to those as
yet undiscovered. 8till, for the information of persons interested in
collecting for museums and colleges, it may be well to call attention to a
few of the richest deposits in the State, with some descriptive notes of a
general character.

SPERGEN HILL.

This famous deposit of sub-carboniferous fossil forms is in Washington
County. The rock in the ““hill” is cut up by the L., N. A. & C. Rail-
road, and is exposed in heavy masses of easily disintegrated limestone,
which weathers to dark reddish clay, leaving well preserved foesils com-
" paratively free from adhering matter. This railroad cut, known as the
¢ Spergen Hill cut,” is east of Salem about five miles, and within fifteen
minutes walk of Harristown. The rock is the lower bed of the St. Louis
group, and is usually ealled the “ Warsaw Bed.” Beginning on page
138 of the Fifteenth Report of this Department, the reader will find a
list of the fossils taken from this bed ; it was carfully prepared by Prof.
8. 8. Gorby, who made an able report of the geology of Washington
County. In the Twelfth Report of this Department, made by Prof.
John Collett, may be seen excellent figures and descriptions of a great
many Spergen Hill fossils, from which sufficient information may be had
to enable any intelligent person to identify nearly all the more common
forms. It might as well be admitted, however, that the Spergen Hill
beds seem to have been practically exhausted; but, doubtless, there are
other places where the same fossils are quite as plentiful, and where new
forms might be found associated with them. At least it is well worth
while to look for new beds.

THE WALDRON FOSSIL BED.

All over the enlightened world the shales of Waldron are familiar to
students of paleontology. This deposit outcrops along Conn’s Creek, in
Shelby County, and in many places over a small area, including a part of
Rush County. It is a laminated, friable so-called ¢‘ soapstone,” consisting
of clayey shales and partings supposed to clearly mark the dividing line
between the Upper Silurian and Devonian formations. Nowhere in the
world has there been found a more interesting and productive bed of
rarely preserved fossils of the upper Niagara rocks than that of Conn’s
Creek. The rock is of a blue or grayish blue tinge, rapidly weathering
to & rusty yellow, and crumbling when exposed to the atmosphere. In
places it is 8 mass of fossils whose forms have been retained with remark-
able nicety after showing the minutest details of structure. Some of
them are of grand size, notably species of gyroceras and orthoceras, whilst
others show forms of exceeding delicacy and beauty.
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Professor Hall, of New York, has described a large number of these,
many of which will be found figured and described in the Eleventh Report
of this department, then directed by Prof. John Collett, State Geologist,
whose work has been of great value to science and to the people. Not a
few of the so-called Waldron fossils remain yet unfigured and undescribed,
offering to the ambitious student a beautiful field for original work.

THE LOWER SILURIAN BEDS.

These are so common in the area of Hudson River outcrop that no de-
scription is necessary. A great many fine specimens are taken in the
vicinity of Richmond, and thence southward fossil deposits are numerous
to the Ohio River banks.

DEVONIAN BEDS.

Near the falls of the Ohio River, at Jeffersonville and New Albany,
the coral forms of the Devonian rocks are found in most perfect preser-
vation. Prof. Davis, of Louisville, and Mr. George K. Green, of New
Albany, have done a great deal to bring before the world these magnifi-
cent fossils. Specimens of grand size and so preserved as to show every
line of the beautiful and delicate coral structures have been sent to all
*the principal museums of the world. Prof. Davis has photographed,
figured and described these in a great work soon to appear and for which
the world of science will be under lasting obligations to him. As a pre-
liminary study to this work the student would do well to visit the great
Devonian coral beds.

COAL-MEASURE FOBSILS.

The fauna and flora of the coal-measure rocks have not had due study
in Indiana. Prof. Collett, it is true, did all in his power, and Prof.
Cox made every exertion during the necessarily cramped and rapid sur-
vey of the coal fields, but the money and time at command could not
permit them, or either of them, to make that minute and leisurely
examination which alone can afford valuable results in paleontology.
The work of the present State Geologist has been entirely outside
of the coal-measures area and consequently nothing in this field could
be done by him. For plant species the collector in the coal-measure
rocks may look in the shales above and in the fire-clays below the
geams of coal, with most confidence, but often beautiful remains are
found in the sandstones and limestones between the seams, especially
where they are of a shaly nature. The animal remains are mostly found
in the harder rocks and often in clay and iron nodules or concretions
which when split open disclose the fossil. Some very beautiful plant
impressions are also found in these concretions. In Vermillion, Fountain,
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Clay, Vigo, Daviess and Sullivan counties, and from there southward to
the Ohio River, are outcroppings of the coal-measure rocks from which
characteristic fossils may be taken, and this is the most interesting and
promising field left to the energetic collector. In this field a few insect
remains may be found, as indicated by a few specimens from Orange
County. In Tippecanoe County some sub-carboniferous fossils (very in-
teresting as throwing light probably upon the earlier forms of a few coal-
measure fossils) have been taken by Professor Gorby, but they are not
yet figured.

WATER LIME (LOWER HELDERBERG) BEDS.

The survey of the State is just now at the point of examining and
studying this important group of rocks, and as yet the fossils therein
have not been sufficiently compared and classified to admit of de-
tailed report Professor Gorby and the writer of this, together with
the State Geologist, have traced these rocks almost across the State
from east to west, and have found the deposit of varying thickness
and composition, but always bearing the general characteristics of the
water lime wherever found. Usually it occurs in thin layers of bluish
colored impure limestone, but at times it tends to become grayish
and more compact. In the gas wells of the northern ‘part of the State

" the drill passes through this formation, and, owing to the thickness there
of the Niagara limestone, some geologists have made the mistake of sup-
posing that the water lime is of unusual depth, when in fact it is not.
The Niagara rocks of middle and northern Indiana have been greatly
disturbed and lifted, and this has given rise to many untenable theories,
among which that of the great thickening of the water lime rock is the
chief. Professor Gorby, who certainly has had the best opportunity to
study the formation, will soon make a most interesting and authoritative
report touching the water lime group in Indiana. Meantime, the atten-
tion of geologists and collectors is called to this field with the hope that
all the information possible may be gathered by this department on a sub-
ject which is very important from both the scientific and the economic point
of view. As the drillings from gas wells are very unreliable and rarely
contain perfect fossils, careful studies of all the outcrops of water lime
will be of prime interest. The State Geologist will deem it an especial
kindness if any collector will send to the office fossils found in this forma-
tion in Indiana, accompanying each with a definite description of the
place and the rock wherein it was found.

., KEOKUK CRINOID BEDS.

Perhaps the most famous crinoid beds in the world are those in the
bank of Rock River (or Sugar Creek), near Crawfordsville, in Montgom-
ery county. In the report of this Department for 1875, Prof. John Col-
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lett, then Assistant to the State Geologist, made a list of the fossils found
in that bed so far as they had been figured and described at that time, but
since then considerable additions have been made. As the crinoids are
the most interesting, a corrected list of them is appended to this paper; it
is furnished by Mr. Charles Beechler, to whom I am greatly indebted.

The history of the Crawfordsville crinoid bed is curious, and tends to
show how slow have been the movements of acience in the West.

The first specimen, an Attinocrinus, was found by Prof. E. O. Hovey,
of Wabash College, in 1842. One of the finest specimens ever found was
an Onyehoerinus exculptus, which appeared in the Scientific American of
July 12, 1887. Between 1842 and 1875, a period of thirty-three years,
the beds were worked now and again by different persons. O. W. Corey,
of Crawfordsville, a man without training in science, did a great deal to-
ward developing the wealth of the deposit. Prof. Bradley, who was
working at one time for Prof. Hovey, of Wabash College, made known
to Prof. Marsh, of Yale College, the extent and importance of the beds,
and was employed to make a collection for the latter institution, which he
did. A fine collection of specimens was sent to the British Museum by
Mr. Charles Dyer, of Cincinnati. Professor Hovey made large collec-
tions, but there was no detailed local study made which could be called
authoritative ; the specimens were sent to this, that and the other sup-
posed authority to be passed upon, and very soon no little confusion pre-
vailed in classfication and nomenclature.

From 1858 (in which year two specimens were named—one by Hall
and one by Lyon and Cassidy) to 1881, thirty-two species now known to
have been found in these beds had been named. Through the steady in-
dustry of Professor Hovey, Wabash College slowly drew into her mu-
seum & very fine cabinet of crinoid forms, some of which are extremely
rare, but a far greater number of the choicest fossils found their way to
distant States and to alien countries. Few of the educational institutions
of Indiana have secured even a fair collection of these beautiful and in-
structive remains.

The beds appear low in the bluffs of Sugar Creek (Rock River) under-
lying a heavy and impure sandstone. The fossils are imbedded in a blu-
ish gray shale which is variably silicious, soft when first exposed, but soon
hardening into a refractory state, which renders the specimens difficult to
clean if not attended to at once.

Recently Mr. Charles Beechler, to whom I am so much indebted, has
been working the beds successfully for Professors Wachsmuth and Spring-
er, whose studies of crinoids are, perhaps, the most thorough in existence,
and whose collections are among the best and most extensive to be found
unywhere,
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*CORRECTED LIST OF FOSSILS FOUND AT CRAWFORDS-
VILLE, IND.

BY CHARLES BEECHLER.

PORIFERATA.

1884. Cleodictya gloriosa, Hall, 35th An. Rep. N. Y. Mus., page 479.
1884. Cleodictya? mohri, 35th An. Report N. Y. Museum, page 479.

1881. Dictyophyton eylindricum, Whitfield, 36th An. Rep. N. Y. Mu.,
pege 475.

1882, Ectenodictya (Phragmodictya) eccentria, Hall, 35th An. Rep. N. Y.
Mu., page 476, pl. 20, fig. 1.

Lyrodictya romingeri, Hall, 35th An. Rep. N. Y. Mu. page 476.

1881. Phragmodictya (Dictyophyton) catillaforme, Hall, 35th An. Rep. N.
Y. Mu., page 477, pl. 21, figs. 1—6.

1882. Phragmodictya lineata, Hall ; 35th An. Rep. N. Y. Mu., page
478, pl. 21, fig. 8.

1884, Phragmodictya patilliformis, Hall; 35th An. Rep. N. Y. Mu., page
478. :

1884. Physospongia alteranta, Hall; 35th An. Rep. N. Y. Mu., page 481,
pl. 20, figure 9.

1884. Physospongia collettt, Hall ; 35th An. Rep. N. Y. Mu., page 480,
pl. 20, figure 7.

1882. Physospongia dawsoni, (Whitfield) Hall; 35th An. Rep. N. Y.
Mu., page 479, pl. 20, figs. 4, 6, 8.

CELENTERATA.

[Beveral specimens of the genus Zaphrentis have been found at this
locality, but no definite species have yet been determined except in one
case; Ind. Geol. Rep. 1875, gives Zaphrentis dalli Edwards and Haime,
also the species Aulopora gigas, Rominger, Amplexus fragilis, White and 8t.
John, Syringopora (sp.?)] '

“Part of this list was published in the American Geologist. Depember, 1888,
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ECHINODERMATA.

CRINOIDEX.

Bpecies marked with an * are referred to said genus for the first time
by Charles Wachsmuth and Frank Springer in their work on the revision
of the Pal®ocrinoidea from which this list of crinoids has been compiled.

1881.

*1868.

1861.

*1859.

*1880.

1869.

1868.

1865.

1879.

1869.

1869.

1870.

1860).

Agaricocrinus springeri, White. Geol. Rep. Ind., 1881.

Barycrinus herculeus, Meek and Worthen. (B. hoveyi var. hercu”
leus) Proc. Acad. Nat. Seci., Phila., p. 341. Geol. Rep., Ill., vol.
v, p. 485, pl. 13, fig. 2.

Barycrinus hoveyi, Hall. (Cyathocrinus hoveyi) Desc. New Pal.
Crin. p. 5, Bost. Jour. Nat. Hist., p. 293. Meeck and Worthen,
1873, B. hoveyt, Geol. Rep. Il , vol. v. p. 486, pl. 13, fig. 1.

Batoerinus indianensis, Lyon and Casseday. (dctinocrinus indi-
ancensis) Amer. Jour. Sci. and Arts, vol. xxix, p. 75. Meek
and Worthen, 1873. Actinocrinus indianensis, Geol. Rep. Ill.,
vol. v, p. 341.

Batoerinus wachsmuthi, White.  (Actinocrinus wachsmudhi not A.
wachsmuthi 1862— Actinocrinus scitulus.) Author’s Edit. from
12th Annual Rep. U. S. Geol. Surv. by Hayden, p. 162, pl. 40,
figs. 1 a. b. Geol. Rep. Ind., 1879-80, p. 142, pl. 7, fig. 6.

Calceocrinus bradleyi, Meek and Worthen. Proc. Acad. Nat. Sci.,
Phila., p. 73, also 1873 Geol. Rep. Ill., vol. v, p. 502, pl. 14,
fig. 9.

Catillocrinus bradleyi, Meek and Worthen. Proc. Acad. Nat. Sci.,
Phila., p. 342; also 1868, Geol. Rep. Ill, vol. v, p. 504, pl. 14,
figs. 10 a. b.

inus arboreus, Meek and Worthen. Proc. Acad. Nat. 8ci.,
Phil., p. 160; also Geol. Rep. 1ll., vol. iii, p. 520.

(?) Cyathocrinus harrisi, S. A. Miller. Jour. Cin. Soc. Nat. Hist.,
vol. ii, pl. 15, fig. 2.

Oyathoerinus inspiratus (?), Liyon, Trans. Amer. Philos. Soc., vol.
xiii, p. 4567, pl. 27, fig. k.

Cyathocrinus multibrachiatus, Lyon and Casseday. Amer. Jour. Sci.
vol. xxviii.

Cyathoerinus poterium, Meek and Worthen. Proc. Acad. Nat. Sei.,
Phila., p. 24. Geol. Rep. Ill, vol. v, p. 489, pl. 12, fig. 4.

Dichoerinus ficus, Casseday and Lyon. Proc. Amer. Acad. Arts
and Sci., vol. v, p. 24; Meek and Worthen, 1873 ; Geol. Rep.
1L, vol. v, p. 500, pl. 14, fig. 1.



1860.

1858.

*1859.

1859.

*1859.
1865.
1870.

1869.

*1870.
1878.
*1879.
1878.

1865.

1861.
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Dichocrinus polydactylus, Casseday and Lyon. Proc. Amer. Acad.
Arts and Sci., vol. v, p. 20.

Syn. D. expansus, Meek and Worthen (not De Kon. and Leh.,
1853.) Proc. Acad. Nat. 8ci., Phila., p. 344; also Geol. Rep.
IlL., vol. v, p. 500, pl. 14, fig. 1.

Forbesiocrinus Wortheni, Hall. Geol. Rep. Iowa, vol. i, pt. 2, p.
632, pl. 17, fig. 5.

Ollacrinus tuberosus, Lyon and Casseday. (Goniasteroidoerinus
tuberosus and type of that genus.) Amer. Jour. Sci. and Arts,
vol. xxviii, (ser. 2) p. 233; Wachsmuth and Springer, Proc.
Acad. Nat. Sci., Phila., p. 263.

Onychocrinus exseulptus, Lyon and Casseday. (Typical species.)
Amer. Jour. 8ci., vol. xxix, p, 78.

Syn. Onychocrinus (Forbesiocrinus) norwoodi, Meek and Worthen
Geol. Rep. Ill., vol. ii, p. 245, pl. 18, fig. 3.

Onychocrinus ramulosus, Lyon and Casseday. (Fordesioerinus
ramulosus, L. and C. not Hall.) Amer. Jour. Sci., vol. xxviii,
p- 235.

Platyerinus hemisphericus, Meek and Worthen. (Pleuroerinus.)
Proc. Acad. Nat. Sci., Phila., p. 162; also Geol. Rep. Il vol.
iii, p. 466, pl. 16, fig. 9, and vol. v, p. 16, fig. 6 a. b. c.

Poteriocrinus (Pachylocrinus) concinnus, Meek and Worthen. (Pot.
| Zeaerinus] concinnus.) Proc. Acad. Nat. Sci., Phila., p. 26;
Geol. Rep. IlL., vol. v, p. 490, pl. 14, fig. 3.

Poteriocrinus (Scaphiocrinus) coreyi, Meek and Worthen (not Pot. -
coreyi Worthen. Geol. Rep, Ill., vol. vi. p. 514.—Pot. Seytalo-
erinug grandis, W. and Sp.) Proc. Acad. Nat. Sci., Phila., p.
148; Geol. Rep. IlL., vol. v, pl. 15, fig. 1.

Poteriocrinus (Decadocrinus) depressus, Meek and Worthen, (Sca-
phiocrinus depressus.) Proc. Acad. Nat. Sci., Phila., p. 27;
Geol. Rep. Ill., vol. v, pl. 14, fig. 8.

Poteriocrinus (Scaphioerinus) gibsoni, White. Proc. Acad. Nat.
Sci., Phila., p. 31.

Poterioerinus (Scytalocrinus) grandis, Wachsmuth and Springer.
(Described Poterioerinus coréyi, Worthen 1875.) Geol. Rep. Ill.,
vol. vi, p. 518, pl. 29, fig. 2, 3, (not Pot. [ Scaphioerinus] coreyi,
M. W. 1869.)

Poteriocrinus (Scaphiocrinus) gurleyi, White. Proc. Acad. Nat.
Sci., Phila., Pa. 32,

Poteriocrinus (Scytalocrinus) indiancensis, Meek and Worthen. Proc.
Acad. Nat. 8ci., Phila., p. 165; Geol. Rep. Il vol. iii, p. 515,
pl. 20, fig. 4.

Poleriocrinus nodobrachiatus, Hall. Desc. New Pal. Crin., p. 8;
Bost. Jour. Nat. Hist., p. 614.
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*1879.

1861.

*1858.

*1861.

1858.

1868.

1878,

1868.

1869.

1868.
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Poterioerinus (Seytalocrinus) robustus, Hall. Desc. New Pal. Crin.,
p. 7; Bost. Jour. Nat. Hist., p. 315.

Poterioerinus (Pachyloerinus) subequalis, Wachsmuth and Springer.
(Type of the group described by Hall, 1861, as Scaphiocrinus
equalis, not Pot. Scaphiocrinus cequalis. Hall, 1859.) Desc.
New Pal. Crin., p. 8. Bost. Jour. Nat. Hist., p. 316. Meek
and Worthen, 1873, Geol. Rep. Ill., vol. 5, pl. 15, fig. 6

Poteriocrinus (Scaphiocrinus) unicus, Hall. Desc. New Pal. Crin ,
p- 8; Bost. Jour. Nat. Hist., p. 313; Geol. Rep. I, vol. v,
pl. 15, fig. 5.

Tazocrinus multibrachiatus, Liyon and Casseday. (Forbesiocrinus
multibrachiatus.) Amer. Jour. Sci., vol. xxiii. ILabeled in
most American collections, Forbesiocrinus meeki, Hall.

Vasocrinus lyoni, Hall. (Cyathocrinus lyoni, type of the genus.)
Desc. New Pal. Crin., p. 5; Bost. Jour. Nat. Hist., p. 298,
1868, Meek and Worthen (Baryerinus lyoni); Proc. Amer.
Acad. Nat. Sci., Phila., p. 840.

Syn. Cyathocrinus hexadactylus, Lyon and Casseday, 1859.
Amer. Jour. Sci., p. 74.

BLASTOIDEXE.

Penetremites wortheni, Hall. Geol. Surv. Iowa, p. 606; also Geol.
Rep. IlL, vol. v, p. 606, pl. 15, fig. 1.

ECHINOIDEAE.

PERISCHOECHINID.E.

Lepidesthes coreyi, Meek and Worthen. Geol. Rep. Ill., vol. iii,
p- 525.
Lepidesthes colletti, White. Proc. Acad. Nat. Sci., Phila., p. 33,
1880. An. Rep. U. 8. Geol. Surv. Ter. for 1878, pt. 1, p.
- 163, pl. 40, fig. 2; 1881, Ind. Geol. Rep., p. 362, pl. 41, fig.
2, 2.
ASTEROID.E.

Onychaster flexilis, Meek and Worthen. Geol. Rep. Ill., vol. iii,
p- 526; also vol. v, p. 510, pl. 16, fig. 3.

Protaster gregarius, Meek and Worthen. Proc. Acad. Nat. Sci.,
Phila., p. 169; Geol. Rep. IIL., vol. v, p. 509, pl. 16, fig. 5.

EDRIOASTERID E.

Agelacrinites (Lepidodiscus) squamosus, Meek and Worthen. Proc.
Acad. Nat. Sci., Phila., p. 367; Geol. Rep. Ill., vol. v, 513,
pl. 16, fig. 1.



1857.
1858.

1861.

1809.

1870.

1858.
1809.

1866.

1865.

1860.

1865.

FOSSILS AND THEIR VALUE. 69

MOLLUSCA.
MOLLUSCOIDEA.

BRYOZOA.

Archimedes owenana, Hall. Proc. Amer. Asso. Adv. Sci., vol. x.
Archimedes reversa, Hall. Geol. Rep., Iowa.

BRACHIOPODA.

Productus magnus, Meek and Worthen. Proc. Acad. Nat. Sci.,
Phil., p. 142; also Geol Rep. I, vol. iii, p. 528, pl. 20, fig. 7
a. b. c.

Productus punctatus, Martin, Petrif. Derb.

(?) Productus-semi-recticulaius, Martin. Ind. Geol. Rep., 1880, p.
125, fig. 123. ,

(?) Productus cora, d’Orbigny. Voyage dans PAmerique dele
Meridionale. Ind. Geol. Rep., 1883, p. 125, pl. 26, fig. 1, 2, 3.

Spirifer fastigatus, Meek and Worthen. Proc. Acad. Nat. Sci.,
Phil., p. 36; also Ill. Geol. Rep., vol. vi, p. 621, pl. 30, fig. 3.

Sptrifer keokuk, Hall. Geol. Rep., Iowa, vol. x.

Terebratula sacculus, Martin. Petrif. Derb.

LAMELLIBRANCHIATA.

Aviculopecten indianensis, Meek and Worthen. Proc. Chi. Acad.
Sei., vol. i, p. 14; also Ill. Geol. Rep., vol. iii, p. 532, pl. 19,
fig. 6, a. b.

Lithophaga ? lingualis, Meek and Worthen. Proc. Acad. Nat
Seci., Phil., p. 245; Ill. Geol. Rep., p. 536, pl. 19, fig. 1, 2.

GASTEROPODA.

Platyceras equilalera, Hall. Supplementary sheet to vol. i, pt. 2,
Towa Rep, p. 1; also Ill. Geol. Rep. vol. v, p. 518; also Ind.
Geol. Rep., 1880, p. 514, pl. 17, fig. 2.

PTEROPODA.

Conularia sub-carbonaria, Meek and Worthen. Proc. Acad. Nat.
Sci., Phila., p. 253; also Ill. Geol. Rep., vol. v, p. 520, pl. 19,
fig. 4.

1859-60. Conularia crawfordsvillensis, R. Owen. Ind. Geol. Rep., 1859-

60, p. 364, fig. 9.
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ARTICULATA.

1870. Phillipsia (Griffithides) bufo, Meek and Worthen. Proc. Acad.
Nat. 8ci., Phila., p. 52; also Ill. Geol. Rep., vol. vi, p. 528 ;
also Ind. Geol. Rep., 1880, p. 515, pl. 4, fig. 5.

(The above is Mr. Beechler’s list, and it is probably the nearest correct
of any in existence.)

The writer of this paper has knowledge of another fine crinoid bed
near Crawfordsville, but the owner and discoverer is not willing that its
location shall be made public.

THE CHESTER GROUP PLANT BEDS.

In the coarser sandstones of the Chester group of rocks in Indiana are
found many interesting vegetable remains, which have not yet been
thoroughly studied. The eastern tier of the southwestern counties of the
State offer here and there an outcropping of these rocks. These were ex-
amined by Professor Cox and Prof. John Collett, but owing to the hur-
ried nature of the survey made, little was done in the way of collecting
a complete suit of Chester plant fossils for the museum. The attention of
studentsand the friends of science in that part of the State should be directed
to this need of the Department, and it is hoped that the museum will soon
receive specimens from this group of rocks. If the discovery of available
beds of fossils were reported to the State Geologist it would greatly facil-
itate the work of filling up the cabinet, even if collectors should still con-
tinue to withhold their aid with the hope of making a paltry gain in
money by selling their collections to parties outside of the State.

PLANT REMAINS OF THE DRIFT.

The Department museum is in possession of a limited cabinet of plant
remains found in the drift deposits of the State. These are chiefly bits
of wood taken from wells and other deep excavations. Vegetable mould,
the decayed remains of leaves and twigs are quite often met with by well
diggers below heavy deposits of bowlder clay. Such things are interest-
ing and valuable for comparative study, and the Department is always
glad to receive them. Oneof the obscurest and at the same time one
of the most important questions connected with the past history of the
earth may yet have great hght thrown upon it by a minutely painstaking
investigation of all the discoverable facts connected with the body of our
drift deposits, and none of these facts is more burdened with valuable
suggestions than the presence of vegetable remains intercallated between
the solid beds of bowlder till. If each person who chances to observe
such remains will but take the small pains to record all the surrounding
conditions and to write a succinct description of the place where the dis-
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covery is situated, with all the attending features, we shall soon be in pos-
session of most convincing evidence of the real truth concerning this
great drift mystery, in one regard at least. Plant life is a sort of index
to climate and to physical conditions on the earth’s surface at any given
time and place. If we can discover what manner of vegetation flour-
ished at the coming on of a glacial era in the history of Indiana, we can
describe with tolerable accuracy the climate and the goil in which such
plants grew and thrived. If forms of vegetation known to be confined
to tropical regions were found buried in our drift masses we should know
at once that these forms had been grown in a climate far different from
that now prevailing here. On the same principle boreal plant forms
would tell of a frigid temperature prevailing in what is now a temperate
area. Of course these suggestions are trite to the man of science, but to
the average citizen for whom this report is mainly written, it is necessary
that they should be presented in order that he may have a general idea
of the value attaching to what may at first sight appear very simple and
even very foolish investigations. It was well said that ¢ knowledge is
power,” and often enough the knowledge which is greatest power comes
out of circumstances as slight as the steam lifting the lid of a tea-kettle,
or the falling of an apple from a bough.

The best points at which to search for drift plant fossils are to be found
in deep railroad cuts, in the blue-clay bluffs of streams, and in the exca-
vations of cisterns, cellars and wells. Any ancient bits of wood or other
vegetable matter found in such places should be carefully preserved and
have the examination of an expert. The State Geologist will always be
glad to have them.

FOSSIL BONES, ETC.

'

A great many very interesting animal remains have been found in the
post-glacial deposits of Indiana. These have been chiefly the fragment-
ary skeletons of animals now extinct, and mostly species of giant size,
like the ancient elephants, sloths, tapirs and beavers. The habits and
lives of these great and forever extinct beings are not yet understood,
nor are the circumstances which brought about their extermination at all
clear to even the most advanced students of nature. In the fourteenth
report of this department Professor John Collett, State Geologist, pre-
sented a paper by Professor E. D. Cope and J. L. Wortman, in which
the student will find a comprehensive guide to a beginning of this study,
and a far more compact and condensed presentation of the same subject
appears in the fifteenth report by the present State Geologist, Maurice
Thompson. The figures in the fourteenth report and the description in
both the fourteenth and fifteenth reports, will enable the ordinary col-
lector to satisfy himself with reasonable certainty as to the probable valye
of any remains he may find.
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Partial skeletons of the mammoth and the mastodon are the most com-
mon discoveries in our post-pliocene deposits, and, as I have already re-
marked, there is much yet to be learned from a close and detailed study
of them. The fact that these remains are rarely found elsewhere than in
marshy places where the animals appear to have perished in the mire of
sloughs or bogs, has given rise to much speculation, but as yet no theory
entirely satisfactory has been adduced. Vast numbers of teeth, jaw-
bones and other more or less fragmentary parts of these colossal skeletons
have been discovered by ditchers, and have been cast aside to fall to
pieces under the action of the atmosphere. The State Museum has a
very inadequate collection of such remains, and it is hoped that with a
growing knowledge of science and an increased interest in the building
up of a great center of study, the people will aid the department in pro-
curing a large cabinet of specimens. Little, indeed, can be done with-
out such aid freely and generously given.

RECENT AND CONTEMPORARY FOSSILS.

The museum of this Department has a large and most valuable collec-
tion of land and fresh water shells, most of which belong to existing
species. These are scarcely to be classed with fossils proper, or even with
what have been named sub-fossil forms; but many specimens of both
land and fresh water species are to be found, well preserved, in the receut
river and stream terraces, and in the cracks and crannies of our outerop-
ping rocks, ag well as in the loams and moulds of our woods and fields.
The collecting of these forms has been followed very successfully by quite
a number of enthusiastic persons in Indiana, but much still remains to be
done. The older fresh water shells, such as are found in the loess or la-
custral deposits, are of great interest, and specimens will be gladly re-
ceived by the State Geologist. The southern and southwestern counties
of Indiana have many of their hilltops capped with lacustral sediment,
in which many new forms, doubtless, may be found. To this special field
not enough attention has been given. A careful examination of all our
loess and ancient river deposits might result in a considerable advance of

our knowledge of the later forms of extinct fresh water animals. More-

over the materials of these deposits have not yet been studied sufficiently
to make us acquainted with their elements of economic value, a matter
well worth consideration.

MICROSCOPIC FOSSILS.

Swarms of infinitessimal animals and plants have passed into a fossil
state and are found in the rocks. Many of these minute organisms are
barely perceptible to the naked eye, while a still greater number can be
seen only by the use of the microscope. The chalk formations of Great
Britain are composed of fossil organic forms, named Foraminifera, which
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are not observable with the naked eye, but which have been carefully
studied. 8o our oolitic limestones of Indiana show under the glass a
solid mass of minute shells, which as yet have not been thoroughly ex-
amined and described. Indeed it may be said that the infinitessimal fos-
gils of Indiana are practically unstudied, though some intelligent and very
commendable work has been done in that direction. The use of the mi-
croscope affords a most pleasing and instructive method of studying na-
ture and there is nothing difficult about handling the instrument, in fact
for all ordinary purposes a very simple magnifying glass is quite sufficient,
and it should be carried with the outfit of every collector and student.
No form of life discoverable at all is too small or too simple for study.
Every organism is significant as a link in the great chain of animate ex-
istence, reaching back into the dark and mysterious past. We can not
afford to leave a single one unnoted if we would make the most of our
possibilities in the way of tracing the records of that slow development
which has brought life up to its present highly specialized and complica-
ted forms.

Nearly all of our sedimentary rocks will be found bearing a number of
these minute forms of animal remains more or less perfect and subject to
very interesting comparative study with the glass.

Scarcely less attractive to the zealous student are the microscopic veg-
etable organisms whose traces have been left in the rock formations. The
spores of ancient plants and the shells of diatomace come out clearly under
a powerful microscope, and their study will be found of absorbing interest
in connection with the higher botanical problems with which our advanced
thinkers are at present busying themselves. Especially is it desirable to
have the attention of investigating minds directed to a careful microscopic
examination of the coal-shales, the fireclays (and the coal itself) of all
our coal-seams with a view to a settlement, if possible, of the question of
their origin. It has been claimed by geologists of high authority that
vegetable tissue and the spores of various plants have been found in the
body of bituminous coal. If this can be well settled as true, it will go a
long way toward proving the vegetable origin of our coal deposits. At
the dividing line between the roof shales and the coal proper would seem
to be the point where investigation might be best rewarded with discover
ies of significance. The impressions of various plant forms in these shales
would suggest that the purer and more compact body of the coal proper
might, near the dividing line, show traces of the tissues and fibers of
those or of other and older forms. We have 80 many coal seams in In-
diapa, one above another, and each differing from all the rest as much in
quality and character as in stratigraphical position, that it would be a
matter of great convenience, from both the economic and the scientific
point of view, if we could discover even microscopic fossils by which each
seam could be identified so soon as a sample could be examined.

6—GEOLOGY.
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Large deposits of diatomaceous earth, or rock, have long been known
at various points in the United States, the most noted being in Virginia.
As yet none has been found in Indiana of a quality fit for commercial
purposes; but it is not impossible that we may yet be successful in discov-
ering a bed of it. At any rate the field for microscopic work in the rocks
of Indiana is a large one, and well worth a great deal of attention.

There is yet another special subject to which the thoughtful and investi-
gating minds of students may turn with profit. The Drift clays have
not been properly studied with a view to ascertaining their origin. The
writer of this paper believes that the microscope alone can settle this
question. It will be found upon examination that a good glass of mod-
erate power will disclose in these clays fragments of fossils from which the
original location of the contributing rocks can be determined with approxi-
mate accuracy. Maurice Thompson, the present State Geologist, has
made a long series of observations in this line upon which he hopes to base
a report in the future. Such work is necessarily very slow and its details
very minute and tedious. It would be a great saving of time and a con-
stant check upon inaccuracy, if a considerable number of competent per-
sons would join in this very important work, and occasionally contribute
their discoveries to this department.

ARCHAEOLOGICAL RELICS AND HUMAN REMAINS.

Properly speaking these relics and remains are fossils, and may be
treated as such herein. No ancient forms can be of more significance or
more weighted with tantalizing suggestions than the stone, and other im-
plements of the prehistoric races of men. I have already spoken of the
curious law of perversity which causes persons to store up these relics as
ornaments (?) in their private houses rather than contribute them to the
upbuilding of a great State museum in the capitol. If all the stone
implements, pipes, pottery, copper relics and bone instruments now scat-
tered over the State in the hands of individuals who can make no scien-
tific use of them were given to this department, it would double the value
of the museum, while it would not make the donors one cent poorer.
There are yet a few mounds, scattered over the State, which might give
good returns to investigation. For a description of these and a clear and
succinet history of what is known about the so-called prehistoric races of
Indiana, the reader is referred to Professor Gorby’s able paper in the
fifteenth report of this department.

BUB-FOSSIL REMAINS.

Referring here particularly to the skeletons and skeleton fragments of
presently existing animal forms frequently found imbedded in our soils,
and especially in our peaty bogs, it may be said that such remains are
quite interesting and valuable, and will be gladly received in the museum.
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They serve as data from which the natural history of Indiana may be
written. At present most of the larger forms, and many of the smaller
forms, of wild dnimals (which formerly lived here) are forever gone from
our State, and the only certain guide left for us in making up the faunal
lists is found in these fossils, since the memories and traditions of men are
notoriously unreliable in matters of natural history. Every bone found
imbedded in the soil, muck, peat, sand, gravel or clay should be pre-
served until it can be examined by an expert comparative anatomist,
or it should be sent directly to the State Geologist. In England and
France, and, in fact, throughout Europe, the sub-fossil remains have re-
ceived rar more attention than in America. Here, because our country
is new and in many parts still infested with most of its original animals,
we have neglected to collect and preserve the only sure indices of local
faunas. It is already too late to make complete amends for this oversight,
but a great deal can yet be done to make clear most of the facts neces-
sary to a complete natural history of recent and contemporary life. In-
diana can not afford to be behind in this, and it will be well for the con-
trollers of her educational institutions to take early steps toward attract-
ing the attention of students to a field so full of valuable materials likely
to soon disappear forever.

The chief object of this paper is to suggest and stlmulate investigation
and to impress upon the people of Indiana the prime necessity of popular
donations to the State Museum. The Legislature never has furnished the
Department of Geology and Natural History with a fund sufficient to
warrant the purchase of collections; the extensive cabinets now in the
museum represent the work of the State Geologist and his assistants since
the beginning of the survey, with the addition of small donations by a
few public-spirited men and women who have cared more for the general
welfare of the people than for their own narrow curiosity or their hope of
being able to sell for a paltry sum the objects of merely scientific interest
and value.

A vast museum of Natural History and Geology, open at all times to the
public, is a center of study whither flock for investigation and reference
all the most active-minded and inquiring students in the Commonwealth.
It is a place where a liberal touch is given to intelligence and where the
profoundest suggestions of nature present themselves in connection with a
vast variety of the most interesting and instructive forms of past and pres-
ent life. It is not mere dry technical science that offers itself and speaks
through these exponents of past ages, if we view them with an enlightened
vigion. In learning the alphabet of terrestrial life, we build the founda-
tion of a practical and keen perception of what are our present needs and
our future possibilities. Broad culture and a high civilization give to a
people that sensibility to coming generations which is the dividing line be-
tween a christian and a heathen influence ; but there can be no broad cul-
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ture, no high civilization, in the true sense, where science is viewed with
prejudice and where its results are belittle or denied by the directors and
controllers of popular sentiment.

The time was when Indiana was looked upon by those outside of her
boundaries as a State given over to ignorance and boorishness, but this
reputation is rapidly passing away before the effects of popular education
and the liberating influence of increasing wealth and almost unlimited
means of intercourse with the rest of the world. It is not too much to
say that this department has aided in the good work of showing to all
lookers-on the many striking advantages possessed by our State in point
of richness of soil, value and quality of mineral products and healthful-
ness and desirability of climate. Beginning with Brown and Owen and
coming down with such able and enthusiastic men as Cox and Collett,
together with the large number of learned and able assistants, the depart-
ment has been the faithful and earnest register and annunciator of the
State’s material progress from its infancy to the present hour. It should
certainly have the support of the people, and in no better way can this
support be affirmed than by liberal donations to the museum, and prompt
and ample appropriations by the Legislature.



OUTLINE SKETCH OF THE MOST VALUABLE MIN-
ERALS OF INDIANA.

W. H. THOMPSON.

The most valuable deposits found in the rock formations of Indiana
may be described briefly as follows : -

INDIANA KAOLIN.

In the Fifteenth Report of this Department, the State Geologist gave
a clear and concise paper suggesting the origin and composition of the
kaolin beds of this State. Since then the subject has received a careful re-
examination from every point of view, and although the conclusions first
arrived at have been very generally maintained, it has been considered
proper to record briefly the best possible outline of the subject as it is now
understood.

First, to those who have not made chemistry and geology, with their
kindred sciences, the subject of careful study, it is necessary to give some
cardinal rules governing the dissolution and rearrangement of sedimentary
rock formations under the action of water and other natural agents.

Rain water is the greatest destroyer of rocks; the atmosphere comes
next. The operation of these forces is two-fold chiefly. Mechanical de-
struction is brought about by mere gravitating motion; chemical destruc-
tion comes on by reason of a motion generated by the subtile action of
one substance upon another tending to dissolve, disintegrate and dissipate.
On the other hand mechanical reformation is by sedimentary deposit,
while chemical reformation is through molecular re-arrangement by the
laws of chemical affinity.

A practical example of the mechanical destruction of a rock would be
the case of a limestone or a sand stone which, when exposed to the action
of rain water, is slowly dissolved and washed away in the form of fine
particles. If these particles be afterwards deposited and form themselves
into a compact body by the force of their own weight we shall have a
case of mechanical reformation.
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A practical example of the chemical destruction of a rock would be
where a limestone or a sandstone is acted upon by an acid agent causing
molecular disintegration. Chemical reformation is the coming together
of the ultimate molecules of disintegrated substances by the laws of affin-
ity.

The salts of iron can be taken up in water which, when exposed to the
oxygen of the atmosphere, deposits the iron in the form of oxide, as is
witnessed by the yellowish sediment of all our chalybeate springs. In a
similar way silica is solved by water and afterward deposited in the form
of crystals, flint nodules, silicified wood, etc. Lime, alumina, magnesia
and many other substances are subject to the same or kindred processes.

Chemically speaking, the kaolin of the Indiana deposits is a silicate of
alumina, bearing but slight traces of iron, lime and other substances.
For all practical purposes it is a pure silicate of alumina.

It is found underlying the conglomerate sandstone, and occupying the
space which otherwise is filled with a stratum of limestone; in ether
words, it has usurped the place of the limestone. Professor E. T. Cox,
formerly State Geologist of Indiana, was the first to suggest that the
kaolin owes its origin to the destruction and the chemical reformation of
the limestone ; but this theory did not go far enough to account for all
the elements of the problem. Under the conditions propounded the
almost total absence of lime in the clay and the heavy per cer cent. of
silica and alumina could not be explained. What went with the lime
from the dissolved limestone stratum? Why was it not redeposited on
the spot along with the silica and the alumina? Furthermore, whence
came such a wonderful amount of the last two substances? In the first
place, moreover, the fact arose that here was a deposit of clay entirely
filling up the space formerly occupied by the limestone, and since a whole
is greater than any of its parts, it was impossible that the limestone had
furnished all the material for the clay with all its original lime and iron
to spare.

With the above-stated questions in view, the whole problem has been
analyzed, and every fact bearing upon it has been scrutinized with all the
care possible, more particularly because no feature of Indiana geology has
attracted wider attention or given rise to more curious inquiry.

To understand the matter at the outset, let us try to get a view of the
Jocal situation as it was before the kaolin beds had begun to be deposited,
after which we shall be able to follow the process of deposition.

In the beginning, then, we have a stratum of limestone of a soft and
destructible nature, immediately above which lies a massive sandstone
formation of coarse grain and loose texture.

Everybody knows that rain-water will percolate easily through massive
coarse sandstone, and in this case it did so percolate, and thus reach the
underlying limestone which it slowly destroyed, the first step being the
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bearing away of the lime and iron, these being the elements most readily
affected by the water. The residuum now left of the limestone is com-
posed of silica and alumina; meantime the water passing through the
sandstone has been taking therefrom silica and alumina, with a trace of
mica in a fine state of mechanical division, and bearing them down to the
cavity below, where by chemical acfion they combine with the silica and
alumina left over from the destruction of the limestone. Thus, in short,
was the kaolin of Indiana made.

The above theory is perfectly borne out by all the facts yet discovered
bearing upon it. If proof iz asked for in justification of the assertion
that water passing through sandstone will take up silica and redeposit it
at a lower horizon, we may cite the flint beds found underlying the mas-
sive sandstones in so many places. In Tippecanoe County, and in War-
ren and Fountain counties, are notable examples of these flint deposits,
due to the action of water passing through the conglomerate sandstone.
In the southern part of the State such deposits lie below many of the
carboniferous sandstone strata. Chert or flint nodules and so-called veins
occur (in all our limestones) where the silica has been deposited in cavities
left by the previous solution and removal of easily destroyed substances.
In each of these cases if the alumina had been present we should have
had kaolin in the place of flint bodies. As has been shown in another
part of this report there are places in the drift formations where the silica
and alumina of the bowlder till has been taken out by water and depos-
ited in the form of a white kaolin-like clay often of great thickness. In
a gas well of Boone County a stratum of this white clay was found to be
over a hundred feet thick. In Kosciugko County a vast bed is reached
at a comparatively slight depth underlying the bowlder clay. These drift
deposits of so-called kaolin bear a heavy per cent. of lime carbonate, and
are more or less touched with iron oxide. In some places carbonate of
magnesia is a large element of the clay. So it will be seen that wherever
water percolates through a formation it gradually removes a large amount
of the soluble constituents. Lime goes first, magnesia next, then alum-
ina, then silica, and whenever the two last mentioned come together they
blend chemically and form the silicate of alumina, which, in Indiana, has
been named kaolin.

In the case of lime taken up by water the redeposit is in the form of
chalk, like that which in the northern part of the State is known as lime
marl.

The kaolin of Indiana differs from that of many other districts of the
world in that it bears very little mica, and no discoverable evidences of
having been formed directly from the dissolution of granite or other
primitive rocks.

The deposits of kaolin in Lawrence County cannot be mentioned too
often. Here lies a practically exhaustless quantity of the most beautiful,
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pure and desirable clay ever offered to the manufacturer of fine earthen
wares, to say nothing of its value in various other branches of manufac-
ture. Next to our coals our natural gas and our building stones these
magnificent beds of kaolin will in the future be the greatest source of our
mineral wealth.

The only way to build up the varied interests of Indiana is to make the
world familiar with our resources. This is not the work of a day, a year,
or a decade, but it must come of long, persistent, continuous advertising.
It was many years after our coal fields were discovered before the com-
mercial and manufacturing world could be made to believe that any pay-
ing coal mines could be opened in this State, and now, after years of
reiterated statement the kaolin beds of Indiana are scarcely recognized,
so timid is capital and so conservative and reticent are the owners of the
valuable mines. It is, however, a mere question of time, patience and
persistent energy ; such resources are a mighty reserve of wealth.

INDIANA BUILDING STONE.

From Greencastle, in Putnam County, southward to the region of the
Ohio River stretches a vast area under which lies the oolitic limestone
whose fame as an incomparable building material is beginning to be known
all over the country. Within a few years’ time the quarrying interests
have been developed to such an extent that the superb blocks of oolitic
limestone are seen on nearly every railroad in the land, and an immense
capital has found most profitable and permanent investment.

This rock is an element of the St. Louis group showing itself in a
massive, evenly bedded stratum of homogeneous limestone, of a whitish
gray color, whose grain, viewed casually, has the appearance of a rather
coarse sand loosely cemented together. Upon careful examination with
the glass, however, this grain proves to be infinitessimal shells and shell
fragments all bound together by a firm and even setting of lime carbon-
ate. No art of man could, construct a mass at once so firm, even and
- workable, and at the same time so elastic and strong. The stone comes
from the quarry soft, tough and easily cut. In a short time it hardens so
that it rings with a musical note (like that from a steel bar) when struck
with the hammer. A bar of it four feet in length and two inches square
may be bent so as to deflect greatly, and when released will spring back
to a right line with the promptness and energy of highly tempered steel.
Upon being broken the stone parts with a smooth, direct fracture, show-
ing a surprising evenness and continuity of texture with no trace what-
ever of laminatious seams or changes of structure. The Capitol build-
ing at Indianapolis shows the wonderful qualities of this superb stone,
and every passer-by may see how beautiful, how massive and how well
suited to building purposes it is. Our quarries have made the building
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one to be proud of, and in turn the building is an imperishable monument
to the resources of our quarries.

Geologically the oolitic limestone is very interesting, and its existence
is by no means a problem easy of solution. The more it is studied, how-
ever, the more it appears to be the result of calcarious sediment deposited
at the bottom of a deep trough in an otherwheres shallow sea. The
-shells of which the greater portion of the rock is composed, are, as a
rule, much smaller than the smallest ordinary pinhead; indeed, barely
distinguishable under the most favorable circumstances by the unaided
eye. These minute shells are cemented together with a cement com-
posed of fine fragment-dust of other shells, and an intermediate setting
of pure lime carbonate, which renders the whole mass perfectly homeo-
geneous, elastic and resonant.

The name, oolitic, as applied to this element of the St. Louis group of
rocks, is not technically a proper one, but it is sufficiently distinguishing
for practical purposes. On the northern verge of the field the limestone
loses the oolitic grain in a degree, but it remains, nevertheless, a building-
stone of the highest value and beauty. There can be no favoring distinc-
tions made in this report between the various quarries of the region; in
every locality examined the stone is simply perfect in its qualities.
Doubtless there are exceptions to this general rule, but the careful in-
quiries of the Department have failed to discover them. It is safe to say
that the oolitic limestone quarries of Indiana can challenge boldly the
competition of the world. Indeed, the challenge has gone forth already,
and, in consequence, the beautiful and indestructible material is reaching
all parts of the continent where permanent buildings are being erected.
No estimate can be made of the future extent and profit of this great de-
posit. Time alone can disclose the wealth it holds for the enterprise and
industry of our State.

SANDSTONE OF INDIANA.

Wherever the rocks of the lower coal-measures are at or near the sur-

face massive and evenly bedded, sandstones are apt to be found, and
among these appear strata of the most beautiful building stone.
. From Warren, Fountain and Montgomery counties southward these
sandstones outcrop along the dividing line between the coal-measures and
the sub-carboniferous rocks. In consistency, the sandstones of the Ches-
ter group are quite often very similar to those of the lower coal-measures,
but the latter are more apt to be homogeneous, elastic and durable.

Geologically, all our sandstones mark the sites of ancient shore-lines,
and the vegetable fossils found in them show that they are the flotsam
and jetsam of seas more or less shallow and stormy. Extinct species of
shore plants and marsh grasses are found in fragmentary and obscurely
preserved traces. The more plainly marked species represented by
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broken and flattened stems of calamites are found embedded in the coarser
grained and loosely cemented parts of the rock, while the vague mark-
ings of the obscurer species are found usually in the more compact and
even-grained strata.

The composition of our best sandstone is quartz in the form of irregular
fine crystal particles cemented together with great evenness and firmness.
It comes out of the quarry soft and easily workable, but soon hardens to
the consistency of the best elastic and resonant building material. I have
seen it cut from the outcrop with a common ax, and readily hewn into
any desired shape; in a few days it had set and become so hard that a
bush hammer would ring upon it as if struck upon bell metal, emitting
sparks freely. The hardest tests have shown the qualities of this stone
" to be surpassed by no other sandstone in the world, and it is a matter of
surprise that it has not been more used. No doubt the future will see the
development of this valuable and beautiful source of wealth.

INDIANA COALS.

No formal report upon our coal deposits is needed here unless it could
include the results of a resurvey of the field, a thing much needed, but
which has been impossible under existing circumstances. Practically in-
exhaustible, easily mined and of the very best quality, our coals are the
most desirable of their kind in the world. The number of workable
veins is remarkable, and the coal itself varies in character from a pure can-
nel coal to what has come to be known as ‘‘block coal” all over the
country. While we have no anthracite, the extraordinary quality of the
block coal sets it above every other bituminous variety. The mines of
this coal in Clay County afford immense quantities and are worked with
great skill by the operators. Still it must be said that as yet our coal
fields are in the early infancy of their profitable development, and it re-
quires no gift of prophecy to foresee what coming years have in store for
the owners of our exhaustless mines.

At present the equilibrium of manufacture is disturbed by the advent
of natural gas as a great new factor, and it will require some time and
experiment to determine just the limit between it and coal. It is natural
that for a season the rush should be to the gas fields pell mell without any
careful weighing of the facts in advance. One thing favors coal in this
race for supremacy: we know that it is practically inexhaustible, while
the supply of gas must be left in doubt with the weight of probability on
the side of a comparatively early failure. The form of our fuel may
change permanently, but it is to our coal beds that we must look as our
base of permanent supp]y, for a long time to come.

When it is borne in mind that we have a coal area of almost seven
thousand square miles, under which there are in many places several suc-
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cessive workable veins, the enormous value of the deposit becomes ap-
parent.

‘The reader is referred to the Fifteenth Report of this Department for
a geological sketch of the coal measure rocks and a concise exposition of
the theory touching their development.

Coal of excellent quality, and often in inexhaustible quantity, is found
in the following counties of Indiana: Posey, Vanderburgh, Warrick,
Spencer, Perry, Crawford, Gibson, Pike, Dubois, Knox, Daviess, Martin,
Sullivan, Green, Clay, Owen, Vigo, Parke, Vermillion, Fountain and
Warren. In many localities the mining is by the process known us
¢¢ drifting,” but the larger part is by a system of shafting. The mines of
Indiana are by law kept well ventilated and drained.

INDIANA IRON ORES.

Compared with those of other parts of the country, the deposits of iron
in Indiana are insignificant and inferior, though we have some beds of
exceedingly fine ore. Most of the swamp region of the Kankakee country
has considerable deposits of bog iron; these were formerly worked suc-
cessfully at several points, but at present they are abandoned practically.
Nearly all the coal-measure counties have iron ores in workable quantities
and of good quality when mixed with foreign ores, and the presence of
lime and coal renders it practicable to manufacture a good grade of iron
well within a paying margin of profit. In Clay and Vigo counties espec-
ially furnaces have been quite successful, but this has been due much
more to the excellent coal near at hand than to any local deposits of ore.

INDIANA LIME AND CHALK.

Fine limestone for burning into lime is found in nearly every neighbor-
hood where the stratified rocks are outcropping. From as far north as
Monon and Delphi southward to the Ohio River, kilns have been erected
and the manufacture of lime made very profitable. The product in most
instances is extra fine and very popular in the market.

As yet the manufacture of cements has not been given the attention
which the prospects of success would warrant. Among our widely vary-
ing deposits of limestone every quality is to be found, from a practically
pure carbonate of lime down through all the shades of impurity to the
silicious and aluminous shales that bear a minimum of calcerous matter.
8pecial investigation would doubtless disclose to the prospective manu-
facturer, at one point or another, just the material suited to his particular
need.

Professor Gorby, in his report on the geology of Washington County,
describes immense deposits of cement rock occurring at several places in
that county. Indeed, it is safe to assume that hydraulic cements can be
successfully manufactured at many points in Indiana.
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The survey has not yet reached the northern counties of the State
wherein are found the considerable deposits of chalk, or so-called lime-
marl, but from specimens of this substance examined recently it would
appear that by the addition of the proper amount of clay a fine hydraulic
lime, or cement, might be made from it.

Wherever beds of magnesian limestone are found the rock may be ex-
amined and tested with a view to determine its hydraulic qualities. A
simple test may be made with acid. If the residuum after dissolving is
a jelly-like silicious mass it is evidence that the stone has hydraulic qual-
ities. :

The best combination of substances for hydraulic purposes would be
nearly this:

Y 56
Alumina.. . . . . . L o e e e e e e e e e e e e e e e e e e e e e 36
Oxide of from, . . « ¢« . . ¢« i i i i e e e e e e e e e e e e e e 8

The oxide of iron is of no value, but is rarely absent from the impure
limestones sought after for the manufacture of hydraulic lime and cements.

Recently attention has been directed to our limestones in connection
with the manufacture of Portland cement, but as yet little progress has
been made, though every fact would indicate the certainty of saccess un-
der a properly directed experiment. The agent of a German company
has been prospecting with a view to locating a manufactory where the
presence of proper materials and the best facilities for transportation are
to be found. It is hoped that the effort will end in the success which
would insure the establishment of a new and paying industry in Indiana.

The Portland cement of England is made by calcining together, in
certain proportions, chalk and the clayey mud of the river Thames. It is
scarcely to be doubted that our chalk beds could be utilized for the same
purpose successfully after a little experiment necessary to discover the
proper formula for the addition of clay. In connection with the oolitic
limestones there are various grades of magnesian and clay strata which
offer very promising subjects of study with this object in view. It is to
be hoped that the impetus given to manufactures by the discovery and
development of our fields of natural gas will add strength to the move-
ment toward a general development of the mineral resources of the State.

When the survey reaches, as it soon must, the area in which lie the
chalk deposits, an exhaustive examination of these will be made with
confidence that a new and very rich element of wealth may be developed
in time. The manufacture of farm and garden fertilizers will soon claim
attention in this State, and these chalk deposits may prove to be immensely
valuable in this connection.

Geologically considered the chalk beds of Indiana are exceedingly
interesting on account of the difficult problem ariging out of the nature
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and mode of their deposit. To find a vast lenticular mass of almost pure
carbonate of lime lying in a basin scooped in the bowlder clay, and cov-
ered with a heavy deposit of swamp mud, presents a question not as
eagily disposed of as might at first be supposed, nor is it my purpose to
attempt its solution at this time. Doubtless the main element of the
problem lies in the fact that water surcharged with calcarious matter will,
when perfectly still, let fall the overweight of its burden, which will at
once sink to the bottom. The evaporation of water will gradually over-
charge the residue, because the entire body of foreign matter is retained,
while the body of the water is shrinking. Still there are other elements
of difficulty connected with the inquiry which appear at present scarcely
reconcilable to any general scheme of solution. The present chief of this
department has suggested a theory which may prove to be the correct
one, namely, that a long period of drouth, a rainless era, followed the
withdrawal of the glaciers and that a season of evaporation must have
been accompanied by a vast amount of sedimentary precipitation. This
fully accounts for the purity of the lime deposits where otherwise we
should have it mixed with all manner of clayey washings from surround-
ing surfaces affected by rain and superficial drainage. The author of this
theory further suggests that much of the precipitation of chalk may have
gone on while the water was covered with ice, and that the deposits were
thus protected from the invasion of surface washings and other alien
matter. )

OTHER MINERALS AND ORES.

Natural gas, for the reason that it is fully treated in another part of
this volume, will not be more than mentioned here. The reader is re-
ferred to Professor Gorby’s able and comprehensive paper.

Gold is found in the form of minute spangles and scales in many drift
areas, but nowhere in this State is there a quantity sufficient to make a
search for it profitable in any degree. Traces of silver have been dis-
covered in some of our limestones, and here and there small quantities of
lead have been reported. Copperas exists in considerable deposits in va-
rious parts of the southwestern region of the State. Iron pyrites is
plentiful. In all the coal region fireclays of most excellent quality
abound, and in nearly every county of the State good brick and farm tile
clay is plentifully present. Indeed, it may be said with confidence that
few States in this Union are blessed with a richer or more varied wealth
of mineral deposits than is vouchsafed by the as yet undeveloped resources
of Indiana. When the population of our State shall have doubled and
trebled itself the exigencies of an advancing civilization will enforce the
most economical and scientific use of all this hidden treasure. The labors
of this Department from year to year have stimulated a wholesome spirit
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of inquiry and experiment, so that in our schools and colleges the prac-
tical study of geology and its kindred sciences has become a prime favor-
ite with many of the brightest and most energetic students.

The future of mineralogy and metalurgy doubtless depends much upon
the simplification and perfection of methods for reducing ores and cheap-
ening the manufacture of refined metals. The common clays of the earth
are rich with a metal which, if it could be produced and rendered as
cheap as iron, would revolutionize, in a large degree, the whole world of
manufacture. This metal is aluminium, which occurs in the form chiefly
of silicate of alumina, although the anhydrous forms, like the crystals,
ruby, sapphire and corundum, appear in certain parts of the world and
are much sought after for gems.

It is admitted by men of science everywhere that aluminium is almost
the ideal metal, barring the difficulties attending its production, for a
practically countless variety of economic purposes. In the first place it
is extremely light, having a specific gravity, even when condensed by
hammering, of only 2.67, and then its malleability, its ductility and. its
strength render it singularly desirable. As yet no process has been dis-
covered for cheaply separating it from the clay and aluminous shales in
which it is so abundant. Here is a problem for the genius of our time.
What young man will cover himself with glory and send his name forever
down the future by overcoming the difficulty which bars this greatest of
all metals away from the eager hands of the nineteenth century people?

One of the highest functions of our educational institutions should be
to keep problems like this constantly before the eyes of the young, ener-
getic and ambitious students who will be easily persuaded to devote
themselves to systematic and patient experiment, having in view the at-
tainment of a crowning victory which of itself would give to our civiliza-
tion the greatest impulse it has received since the application of steam to
commerce and manufacture. An investigator of Edison’s stamp would
find a field of wide possibilities in subduing a problem of such import-
ance; nor is there any good reason for believing that the undertaking
offers greater resistance to genius than did the electrical problems so read-
ily mastered by the efforts of Edison.

The manufacture of alum and sulphuric acid might, it seems, be made
quite profitable at many points in Indiana, and attention can not be too
often called to our deposits of aluminous clays and shales.



GOLD, SILVER AND PRECIOUS STONES.

It would seem scarcely necessary to occupy a page of this report with a
statement of the fact that there is no gold or silver to be mined in paying
quantities any where in Indiana, and yet as many as three hundred letters
have been answered in ome year by this department on this subject.
Scarcely a day passes that does not bring to the State Geologist, a pack-
age, large or small, whose contents can be described as *‘ fool's gold,” or
Ppyrites of iron, accompanied with the inquiry: ¢‘Is this gold ?” or, “Is
this silver ?” This phase of the matter is not, however, the most serious
one. Designing parties, with a view to speculation, have been creating
excitement in a number of localities by claiming that rich deposits of
precious ore have been found. No year passes that does not see our news-
papers giving wide circulation to these malignant and demoralizing un-
truths. There is no geological formation in Indiana, within less than two
thousand feet of the surface, in which gold or silver could possibly exist
in paying quantity. Every report to the contrary has been based upon
either ignorance or fraud. Only a year ago great excitement was created
all over the Southern part of the State by the loud claims of interested
persons touching vast deposits of silver ore said to have been found. Now,
if the people were as willing to believe science, when it speaks, as they
are to believe charlatanism when it makes its preposterous statements,
there would be little trouble about preventing nearly all the gold swindles
and silver frauds of the kind under consideration. The office of this
department is always open to the inquirer, and every question relating to
the mineral deposits of Indiana will always be answered promptly and
without prejudice or favor; but it should be, if possible, settled once for
all that any and every person who reports the discovery of gold or silver
deposits in this State, is either wofully ignorant or wilfully dishonest. So
great and so glaring have been the frauds perpetrated by would-be specu-
lators and their coadjutors, and so numerous have become the inquiries
connected with this subject that it appears absolutely incumbent upon this
department to put an end to the whole matter, if possible.

If every one who receives a copy of this report will read this paper and
then ask the school teachers of his neighborhood to explain its contents
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to the students, we shall soon get rid of these excitements and swindles,
than which nothing could be more demoralizing to the public mind.

The following simple statement will make clear to any mind why it is
Ppreposterous to believe for one moment any report, no matter who makes
it, which locates a gold mine, or a silver mine of any value in Indiana.

GOLD.

In its native state, gold is found, if in place, connected with and usu-
ally woven into the substance of the crystalline primitive rocks, the traps
or trachites and the transition rocks. In other words, gold is found in
rocks which far underlie all the limestones and shales of Indiana. To cut
down to the primitive or igneus rocks in this State in the shallowest place
would require a well of at least three thousand feet in depth; probably
the distance would be much greater at the most favorable point. But
even after the old rocks have been reached and they never yet have been
in Indiana, the probability of touching a gold-bearing area would be ab-
surdly small. Gold is often found in great quantity in the Silurian and
superior rocks, but only where these rocks have been transformed by
heat. The sedimentary rocks of Indiana have not been transformed by
heat, therefore there is not the first condition for the presence of gold.
What is termed by geologists metamorphosis, always accompanies the pres-
ence of gold in workable quantity in stratified rocks. This metamorpho-
sis has been brought about by a degree of heat sufficient to change the
structure of the rock. Now, in Indiana, the only metamorphic rocks
nearer than 3,000 feet of the surface of the ground are mere bowlders and
fragments found in the drift. Hence it is simply preposterous to think of
finding gold in the stratified rocks of this State, and the delusion should
be driven from the minds of the people at once and forever.

But gold is often found in dykes or up-flows of trap, trachyte and other
ancient rocks, which, in a molten state, or other somewhat fluid condition,
have been sent up through rents in superior strata. No such dykes exist
in Indiana, nor are there any quartz veins or gold-bearing formations of
any sort whatever. The only rock disturbance in Indiana is a low irreg-
ular upheaval across the central and northern parts of the State, and this
is 8o slight that it has not lifted any of the archean rocks to within 3,000
feet of the surface.

When gold is not in place, or in other words, when it has been freed
from the rocks by the action of water or other disintegrating forces it may
be found in the clays or sands of alluvial deposits. Mere traces of gold
n the form of minute scales or flakes may be found in such deposits in
Indiana, but no man, even by the most prudent management and the
most faithful labor, can average one dollar a day washing for gold in the
richest sands discoverable in this State, and it would be a boon of incal-
culable value to many an overstrained imagination if all the newspapers
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of Indiana would set this truth before the people in the strongest terms,
and furthermore stamp as false and fraudulent every reported gold dis-
covery in our State from this on to the end of time.

SILVER.

In a general way, what has been said of gold may be said of silver;
but the latter is never found in notable quantity save in the body of the
metal-bearing rock where it is usually associated with gold, copper or
lead, and other and baser substances. The volcanic and primary rocks
bear silver, but most of the extensive deposits in America are ‘‘ pockets ”
in a disturbed and broken limestone formation. If found in Indiana at
all silver would be in a galena ore, most probably, and there is not with.
in the State the slightest approach toward such a deposit, and if found
here the galena would, we may assume, have but a trace of silver along
with the lead, so that in any light we may sensibly view it, there is no
more probability of a paying silver mine in Indiana than there is of a
paying diamond mine.

Competent chemists have been defrauded into making assays of ores,
sometimes quite rich in silver, falsely said to have been found in certain
so-called mines in Indiana. It would be wrong for the public to blame
the assayer; but it is to be hoped that in the future no shares in any so-
called mine of silver or gold in this State can be sold at any price. In-
diana is rich in minerals. She has iron, coals, clays, marls, glass-sands
and building-stones; but, let it be repeated untll everybody knows it, she
has neither silver nor gold.

PRECIOUS STONES.

Another delusion with which thousands of very sensible people are be-
set i8 the precious stone delusion. It is a pathetic fact that many persons
are monomaniacs on this subject to such a degree that they spend a great
deal of time delving nervously and surreptitiously in gravel beds and
sand deposits, pouncing upon every shining bit of quartz-crystal or feld-
spar which chances to meet their eyes. Since I have been State Geolo-
gist a number of cases coming under my observation may be taken as in-
dicative of a class. Men and women of average intelligence bring a col-
lection of ordinary crystals (usually water-worn pebbles in form) to the
office and, in the most secret and impressive way, exhibit them, evidently
expecting to be told that a priceless value attaches to them. Now, if
this were mere inquiry there would be nothing unusual about it; but, in
a considerable number of instances the gnawing hope of finding some-
thing precious has eaten into the imagination to such an extent that it has
become a monomania. It is a great pleasure to impart information, and
it is not particularly annoying to satisfy mere idle curiosity, but when it

7—GEOLOGY.
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comes to dealing with unscrupulous persons who ‘‘salt” limestone with
gilver ore, or when a placid maniac besets one’s life with flint pebbles for
a series of years, it has a tendency to make one wish that practical geol-
ogy were taught in the common schools. As an instance of the would-
be shrewd tricks which have been attempted in this connection, I may
mention the act of a man who at the time no doubt thought that he
should ‘“‘surprise the authorities” in a great way. He came to me with
the usual handful of small crystals of quartz, feldspar and calcite, and de-
manded information as to their value. I glanced over them and answered
that they were utterly worthless. A gleam of absolutely malignant tri-
umph shown in his eyes as he picked out one of the crystals and held it
up. “You're a beautiful geologist!” he cried. ¢ Don’t know even a
cut diamond when you see it!” He was not aware that I had noticed,
at the first glance, a setting taken from some cheap imitation-diamond
ring. It was not even rhinestone—simply cut glass, and not of a very
fine quality at that!

Indeed, it would be a very curious and most interesting study if a
record of the many instances like the above were kept in this office. It
would show that there is great need of popular enlightenment upon the
gimplest and most obvious facts in nature. Such a condition of things is
the only excuse for inserting here the reasons why precious stones are not
to be looked for in Indiana. .

DIAMONDS.

It would appear to be most probable that diamond is the result of heat
or of some other metamorphic force, and that wherever found it can be
immediately or remotely traced to volcanic or eruptive action which has
thrown it to or near the surface. Where it is found in alluvial deposits
its presence is due to the disintegration of diabase or some other and kin-
dred igneous rock whose residuum has been brought there by water cur-
rents. Nowhere in Indiana is there any formation showing even the re-
motest resemblance to diamond-bearing rock. Four-fifths of the State’s
area are covered with drift to a depth of from ten feet to four hundred feet,
upder which lie the stratified rocks of Silurian, Devonian and Carbonifer-
ous ages. Nothing like a dyke or igneous vein is anywhere discoverable,
nor are there any clays referable to the decomposition of igneous or met-
amorphic rock. Therefore, to hunt for diamonds in Indiana is simply
ridiculous, the last refinement of folly. It is possible that within the im-
mense mass of our drift there may be a few stray bits of the precious
crystal brought from far northern volcanic fields by the glaciers, but to
look for these would be as hopeless and senseless an act as it would be
to spread a butterfly net with the hope of capturing a meteorite.
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EMERALDS.

There are no emeralds in the Indiana geological formations. Some
pretty pieces of allophane, clear and of a pure green color, have been found
in the body of our kaolin beds and in our flint deposits. Persons have
believed this to be emerald, and with little show of argument, on account
of its color and clearness, and, furthermore, because it is found so often
in aluminous deposits. Emerald is a silicate of alumina colored with
oxide of chromium. Allophane when green owes its color usually to oxide
of copper. Emerald is a regular crystal, occurring in six-sided prisms;
allophane, as found in Indiana, is amorphous, filling interstices in flinty
formations, or lining irregular cavities in kaolin. There is not the slight-
est probability that emerald will ever be found in Indiana.

GARNETS. .

Coarse, worthless garnets may be found occasionally among the drift
gravels of Indiana, but the gem garnet is not present. Most of the red
crystals found are feldspar from broken up granite brought down from
Canada by the glaciers. It is sufficient to say that there are no valuable
garnets to be found in this State, and search after them is labor thrown
away.

JASPER, AGATE, TOURMALINE.

None of these possessing any value is found in Indiana. Stones often
brought to this office for examination, and thought by the possessors to be
one or another of the precious crystals, turn out to be quartz (either
clouded or tinted) worn by the action of water.

OPAL.

There are no valuable opals in Indiana. A lady brought to me for
examination a small fragment of coarse granite, smoothly water-worn, in
one corner of which was a crystal of quartz that gave forth beautiful
irridescent gleams when turned in the light. The quartz had a yellowish
cast, and its resemblance to opal was quite stnkmg The flashes of color
were due to cracks in the crystal’s substance breaking up the light and
reflecting it prismatically. Bits of ¢ opalized wood” are found in the
drift, but these are of no value.

.

SAPPHIRE.

Nothing at all closely resembling the gem sapphire has been found in
Indiana. Many pebbles of pink feldspar and rosy quartz have been
brought to this office and exhibited as red sapphire (rubies), but the
bearers were at length convinced that, after all, their pretty little rolled
crystals were of no value, and they went away disgusted, but not dis-
couraged to continue their fruitless poking in the gravel and sand.
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TOPAZ.

Crystals of an almost colorless (very faintly smoky) tint and unimport-
ant in size, were shown me as having been found in a gravel bed of Tippe-
canoe County. One of these, for about half its length, was pale blue
and much resembled a topaz; but no amount of friction could make it
electric in the least. There is no formation in Indiana wherein topaz can
be expected. A stray crystal might possibly be found in some granite or
trachyte bowlder, but it would be worthless when found.

In conclusion, there is no true gem stone to be found, high or low, any-
where within the limits of Indiana, and the only way by which an Indi-
anian can remain in this State and obtain these beautiful and precious
crystals is to work hatd, earn the money and then buy them. A like
statement is true touching the acquisition of gold and silver; the only
method of obtaining these from the earth in this State is that of steadily
and persistently following the plow. Every person who claims to have
discovered in Indiana mines of precious metal or deposits of valuable
gem-stones should ‘be treated with the utmost caution. He is dangerous,
if he is not ignorant, and if he is not crazy he soon may be, for that way
madness lies. Bnt let it be remembered that every citizen of Indiana has
the right to send to the State Geologist samples of any substance he may
discover and inquire as to its value. Such inquiries are always gladly
answered, and it is to be hoped that they will continue to be made. Itis
by such investigations that the truth is to be reached touching the mineral
deposits of the State. Although Indiana has no gold, or silver, or pre-
cious stones, she has a wonderful variety of valuable minerals out of
which great wealth will flow in the near future.



THE FORMATION OF SOILS AND OTHER SUPERFICIAL
DEPOSITS.

In the Southern and Southwestern parts of Indiana the soils, when not
alluvial, or* lacustrine, are residuary, formed by the disintegration of strati-
fied rocks either sandstone or limestone. In the Drift region proper there
is no residuary soil, the glacial deposits showing superficial loams, modified’
loéss, vegetable mold and peaty formations.

Most of our black prairie soil, which is so deep and so remarkably
fertile, has had its origin at the bottom of shallow sheets of fresh water,
in which sphagnous growths and vast masses of aquatic grasses and weeds
have decayed year after year for centuries. In many places this soil is so
peaty that in very dry weather it will burn with a slow, hidden fire. I
have seen wells that showed a section of nearly twelve feet of this almost
jet black deposit. Deep drainage and careful tillage give the best possi-
ble results with this land, especially in corn and grass. It has been a
question, much discussed, how the carbonate of lime, in which much of
the prairie soil is very rich, has been deposited throughout the mass.
Upon examination I have found that where the soil approaches a black
loam in consistency, the lime is in the form of mar] or chalk blended with
very fine sand, like the deposits often found at the bottom of shallow
ponds fed by surface drainage from calcareous drift. Areas of this
description usually are partly or wholly surrounded by what is called
‘“ barrens;” that is a region of low clayey or sandy knobs, overgrown by
stunted oak trees. It is from the ‘‘ barrens” that the sand and lime have
come down to the lower surface, in cases of this sort; but where we find
a calcareous loam covering a wide prairie which has no barrens, we are
left without our argument. I have concluded that all the extensive
shallow lakes, once s0 common on our drift surface, were subject to vio-
lent storms, since they were without any surroundings tending to break
the force of winds, and that consequently the sediment of vegetable
matter constantly accumulating was often stirred up and suspended in
the water, which, as it was dashed about, took up portions of the clay
basin in which it was inclosed, and thus disseminated the sand, gravel
and lime through the vegetable matter. This action may be ebserved
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now, in the windy season, by any one who will take the trouble to note
the changes in the bottom of a shallow pond after each gale. Doubtless
the wind storms during the period between the final retreat of the glaciers
and the return of vegetation of the larger kinds to the drift area, were
much more frequent and powerful than now.

The action of rain-water upon limestone is well known; as the rock is
disintegrated the lime is taken up and held in suspension until it is pre-
cipitated in the form of chalk, or ‘“ marl,” as it is popularly called. The
bowlder clay in which all the lakes and ponds have had their basins, is
calcareous, in a greater or less degree, and frow it the carbonate of lime
has been taken up by surfaee water and borne into the reservoirs where it
has finally found its way into the silt and vegetable deposits at the bot-
tom. The more peat-like soils have very little calcareous matter in them,
and, consequently, are less fertile.

Oxide of iron, in various forms, is plentifully distributed throughout
the black prairie soils; in some places it is found as bog ore which has
been deposited by water, surcharged with salts of iron, welling up from
the clays beneath. What are called ‘‘spouty” places, where chalybeate
springs come to the surface, are often rich in bog ore; the iron salts
solved in the water are oxidized upon coming in contact with the air and
are precipitated in the form of oxide of iron, which gradually accumulates
in concretionary bodies of a dark brown color sometimes covering many
acres. In the region of the Kankakee River these iron deposits are quite
frequently observed.

What has been said of the mode of formation of the black prairie soils
may also apply to the black soils of our timbered lands. The most cas-
ual observer will note that in our burr-oak swamps there are low knobs
and swells of white or bluish clay breaking through the black earth;
upon these clay swells the white oaks grow, while down in the little
““ mucky” baisins grow the burr oaks. The black soil in these burr-oak
basins and swales has been formed by the deposit of vegetable matter.
All the leaves and mold of the forests are washed by rain amrd blown by
wind down from the highest to the lowest places, where in time they
form the black muck-like soil. When well-drained the burr-oak swamps
of Indiana are incomparably fertile.

What has been named by some of our geologists * modified loéss ” is a
grayish brown or reddish gray soil capping the higher and dryer areas of
our drift. I do not recognize this as a true lacustral formation ; indeed,
it is doubtful whether lake water ever had anything whatever to do with
its deposit. It would be better to name it modified drift matter, and to
refer its origin to broad and gentle currents of water flowing away from
the retreating glaciers. Everywhere I have found huge bowlders stranded
on these deposits, as if dumped there by icebergs. The assorting power
of water is capable of modifying the drift substance in so many ways that
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it can not be deemed that it may have produced the so-called loéss.
Doubtless where fresh water shells are found in the body of the deposit
we must refer it to lacustral or fluviatile origin; but I have not yet been
able to find any such organisms in the ‘‘ modified loéss” of middle and
northern Indiana.

The red and brown clays of the drift resemble very closely the residuary
clays of Kentucky and Tennessee, but upon examination they are found
to be a modification of the blue bowlder clay chiefly by oxidation and the
action of rains and frost. Wherever the surface clays of the drift have
been highly charged with comminuted limestone, there has followed a
disintegration, the carbonate of lime being freed by the action of rain
water and the iron being solved by oxidation, from which has resulted a
fine, light loam-like soil colored by the oxide of iron. Under this soil in
many instances we find heavy deposits of gravel and sand, and the timber
growth upon it is usually tulip (poplar) and white walnut, sugar-tree and
black walnut, indicating warmth and perfect under drainage.

Where the face of the ground is rolling the flow of surface water con-
trols the deposition of soil, the deeper and richer formations lying always
in the lower areas, while the higher surfaces are more or less denuded of
vegetable fertilizers. These washed lands are usually looked upon as un-
fertile, but an intelligent application of the tile drain to the stiff, dead
clay soil will aerate it, oxidize the limestone contained in it and soon ren-
der it very productive. Thus the very lands which appear to be best
drained by nature most need artificial drainage. Indeed, there is scarcely
an acre of land, high or low, in all Indiana, which would not be benefited
by a system of under drainage. The two words aeration and oxidation
should be familiar to all farmers. The soil must have air and the min-
eral and vegetable substances in the soil must have a chance to oxidize.
Deep and many drains and deep and frequent plowing are the means of
attaining to this end. There can not be too many drains, there can not
be too deep or too frequent plowing.

The superficial deposit, locally known as ‘‘lime marl,” which is found
in basins of the drift, has puzzled geologists not a little, its peculiar struct-
ure and order of formation offering the following questions:

1st. Whence came the lime?

2d. How was it transported ?

3d. What caused its deposition ?

4th. Why is it so free from vegetable matter and other foreign sub-
stances ?

I have given the matter careful investigation, and without going at this
time into any minute details of discussion, it seems to me that I can an-
swer the questions seriatim as follows:

1. The lime has come from the body of the drift mass.

2. It has been transported by water in motion.
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3. Its deposition has been by simple precipitation, or sediment action,
after the water has become still in a basin.

4. It is free from vegetable matter because there was no vegetable
matter near by where it was deposited.

Now when I say that the lime has been transported by running water,
I do not mean surface water; but I do mean water percolating through
the drift substance and rising in the basins where it is to let fall its sur-
charge of carbonate of lime.

Most of the small lakes now existing in Northern Indiana are fed most-
ly by springs whose water brings up a large amount of lime. Subsequent
evaporation causes the precipitation of the carbonate. Analysis shows
that these chalk or lime deposits carry a considerable quantity of free sil-
ica in the form of very fine sand which has been brought up by the spring
streams.. In one of the gas wells at Lebanon, in Boone county, the drill
at a depth of about two hundred feet in the drift struck a deposit of
white silicious clay nearly two hundred feet in thickness, which bore in its
composition twenty per cent. of the carbonate of lime. At Lake Maxin-
kuckee a flowing well brought up a milky-looking fluid which proved to
be a thick solution of a kindred clay. I mention these facts to show how
easy it is for springs arising out of calcareous deposits to bring up the
substance which, when precipitated, will form clean beds of chalk. Cal-
careous tufa is deposited in the same way by water seeping out of lime-
stone formations.

Superficial mounds and ridges of gravel and sand have been formed by
one or the other of two forces: water-currents and floating ice-bergs.
When the former have been the force no large bowlders will be found in
or upon the mass; but when the latter have acted there may be immense
bowlders lying high and dry on the very highest points of the formation.
A careful examination will rarely fail to disclose the agent to which any
particular deposit is clearly referable. In cases where water-currents
have assorted and heaped up the gravel the direction of the flow may be
detected by the relative positions of the coarse and the fine material, the
former always lying up stream from the latter, from the fact that light
material is moved farther than heavy, the same current acting upon each.
Where a huge iceberg, loaded with bowlders, gravel and sand, has
stranded and melted, its burden will be found laid down in a heap, the
mass unassorted. But it is only in favored spots that this last-named
feature is observable; for the action of winds, rains and frost has de-
stroyed the strongest outlines of the drift wherever it has been afforded
free application to the mass. Here and there, however, a fine example
remains. One a little east of Crawfordsville, in Montgomery County,
on the south side of the I., B. & W. Railroad, shows its origin perfectly.

Indeed, when once we admit that our drift mass is due to glacial ac-
tion, we are forced to the conclusion that many curious effects are due to
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floating icebergs borne along by currents flowing away from the melting
glaciers. Of course the highest parts of the moraines would form the
most effective barrier to this current, and it would be there that the ice-
bergs would strand and finally melt. Hence it is that most of the pecul-
iar gravel knobs and ridges are located on the highest points of our drift
areas, while the presence of immense bowlders lying quite upon the sur-
face of these apices can be accounted for on no other hypothesis than that
they have been transported by ancient ice-ships whose cargoes fell where
the vessels melted. Some of these icebergs must have been of almost
unimaginable size in order to bear the tremendous loads cast down by
them all over the drift area. \

The gravel mounds, often mistaken for ancient Indian works, which are
found on the terraces and in the bottom lands of our rivers and rivulets,
are not glacial formations, but owe their origin to a time when the streams
upon whose banks they rest were much larger than now, and when thel
currents had power to heap up these curious deposits.

Over large areas in the northern part of the State vast bodies of sand,
very fine and of a light buff' color, heaped in hillocks and ridges, are due
to the action of wind. The sand has been thrown ashore by Lake Mich-
igan, at a time when its waters covered a far larger surface than now, and
thence it has been transported by the prevailing winds southward and
eastward to its present situation. There is reason to believe, and I ven-
ture to assume provisionally, that the result of a careful survey of the
region north of the Kankakee River will show that at a very recent geo-
logical date Lake Michigan had an inlet or large estuary reaching south-
eastwardly from its present southern boundary, and covering a considera-
ble portion of Northern Indiana.



REPORT UPON THE GEOLOGY OF DEKALB COUNTY.

BY CHARLES R. DRYER, M. D.

DeKalb county was organized in 1837 out of territory then belonging
to Allen and Lagrange. It includes nine full Congressional townships
and three fractional, its length east and west being twenty and one-half
miles, and its breadth north and south eighteen miles. Its area is 3,690
square miles, and its population 20,225. It contains within its limits four
considerable towns: Auburn, the county seat, Waterloo, Garrett and But-
ler. It is bounded on the east by Ohio, on the south by Allen county, on
the west by Noble, and on the north by Steuben. The civil township
originally corresponded to the Congressional in the following manner :

Tp. Range XII. R. XIII R. XIV. R.XV.

35. Fairfield. Smithfield. - Franklin. Troy.
4. Richland. Union. Wilmington. Stafford.
33. Butler. Jackson. Concord. Newrville.

The two southern tiers of sections in Richland and the two northern in
Butler have been taken to form the civil township of Keyser, but refer-
ences in this report will be to townships as given in the table.

The whole county is covered by a heavy mantle of drift which borings
show to be in some places 400 feet thick, and it is probable that the rock
nowhere approaches nearer to the surface than 200 feet. Physically, the
county belongs almost wholly to the Wabash-Erie region, a full descrip-
tion of which will be found in the accompanying report upon the geology
of Allen county. Except a small portion in the northwest corner it is
drained by the St. Joseph river, and its tributaries.

Phe lowest point in the county, at the southeast corner, is about 775
feet above sea level ; the highest, near the northwest corner, has-an
elevation not far from 1,000 feet. Between these limits the relief of the
surface consists of three parallel ridges with two intervening valleys,
which cross the county in a direction nearly northeast and southwest. It
is as if some gigantic plow had turned three furrows, the northwestern
one being a ‘‘ back furrow ” thrown up against another turned from the
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opposite direction. To a certain extent this comparison is a simple state-
ment of a fact, but the whole fact is not quite so simple. The Van Wert
and Hicksville ridge, which marks the shore line of a body of water else-
where described as the Maumee Lake, touches the county at the south-
east corner. Between that and the St. Joeeph River lies the first great
ridge, five miles wide and with an elevation at the summit of 76 feet
above the Hicksville ridge, and of 60 feet above the river. It occupies
the township of Newville and portions of Concord and Stafford. West
of the 8t. Joseph a second great ridge, about eight miles wide, occupies
the townships of Troy, Stafford, Wilmington, Jackson,.one half of Union,
and the greater part of Concord and Franklin. It is bounded on the
west by the valley of Cedar Creek, and the prolongation of that valley
from the northern part of Union to Aldrich Lake on the north line of
Franklin. The crest of this ridge, within a mile or two of its western
border, is about 125 feet above the St. Joseph, 60 feet above Cedar Creek,
and averages 65 feet higher than the first ridge. A third ridge, still more
massive and elevated, occupies the townships of Fairfield, Smithfield and
the greater part of Richland, having its watershed near the northwestern
border of the county and its longest slope in Noble, Lagrange and Steuben
counties. Its summit is probably nowhere less than 1,000 feet above the
sea, and from 100 to 150 feet above Cedar Creek Valley.

The eastern border of this ridge can be distinctly traced along the road
from Hamilton, Steuben county, to Waterloo. On the road from Au-
burn to Corunna it is marked by a sharp rise at the southwest corner of
section 13, Richland, whence it continues as a well defined bluff to the south-
west corner of section 27, thence southward along Little Cedar Creek.
Cedar Creek valley therefore increases in width from one mile at Aldrich
Lake to five miles in Butler township.

The surveys of northwestern Ohio by Gilbert and Winchell, of the
whole territory north of the Ohio & Missouri rivers by Chamberlain, and
of northwestern Indiana by the present writer, show that these ridges are
glacial moraines and a portion of a vast morainic system extending from
Cape Cod to Dakota. The last continental ice-sheet which covered north-
eastern North America was divided along its southern border into numer-
ous lobes or tongues which projected many miles beyond the main mass.
One of these, after scooping out the bed of Lake Erie, thrust itself up
the present Maumee Valley and down the Wabash nearly to Illinois. In
its progress it slid over, pushed along and plowed up the debris left by
former ice sheets, and when compelled by a slowly ameliorating climate to
retreat, it added its own load of bowlders, gravel and sand to the pre-
viously accumulated mass. At the same time a smaller tongue of ice
was pushing from Saginaw Bay southwestward through Michigan to north-
ern Indiana. It was crowded upon by a much larger mass which passed
southward through the bed of Lake Michigan. The Saginaw Lake was
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. thus hemmed in between mightier antagonists; but it was sufficient to
offer considerable obstruction to the Erie Lake, which was thus prevented
from spreading out to the northwest.

Between the two a broad ridge of earth was piled up several hundred
feet high to form the hills of Steuben, Lagrange, Noble and northwestern
Dekalb. This is the ¢ back furrow.” The two ice lobes acted to some
extent like road scrapers, but a large part of the material was carried by
the scrapers themselves upon their upper surface and frozen into their
mass. When the ice melted this portion gradually settled down or was
dumped in heaps upon the top of the ridge. Thus originated the ‘¢ hog
backs,” dome-shaped and conical hills, * potash kettles'’ and lake basins,
so numerous and characteristic of the region. The whole ridge extends
from Sanilac County, Michigan, to Cass County, Indiana, and is called
the Saginaw-Huron interlobate moraine.

The retreat of the Erie glacier was interrupted by several periods dur-
ing which the severity of the climate was such that the outer edge of the
ice maintained its position in spite of melting. It was like the advanc-
ing column of an army, the head of which, on reaching a certain point,
is constantly swept away by the fire of the enemy, while the loss is sup-
plied by new forces from the rear. The ice was continually pushing for-
ward, but could not pass beyond a certain line because it melted as rapldly
as it advanced. Along this line all the material carried by the ice was
deposited, and thus formed a ridge of earth called a terminal or peripheral
moraine. There is some evidence which indicates that along the north-
western border of the Erie lobe in Dekalb County two of these terminal
moraines are piled up against and coalescent with the interlobate moraine.
The position of the crest so much nearer the Erie border than the Sagi-
naw border, the greater smoothness of the southeastern slope, and the
comparatively small number of lakes upon that slope may thus be ac-
counted for. Two terminal moraines remain distinct. The Wabash
aboit moraine extends from Hillsdale County, Michigan, along the right
bank of the St. Joseph River to the northeastern corner of Huntington
County, Indiana, thence along the right bank of the upper Wabash
River to Mercer County, Ohio. In Dekalb County it occupies the space
between the river and Cedar Creek Valley. The St. Mary’s and St. Jo-
seph moraine extends from Lenawee County, Michigan, along the left
bank of the St. Joseph River to Fort Wayne, Indiana, thence along the
right bank of the St. Mary’s River to Allen County, Ohio. In Dekalb
County it occupies the space between the river and the southeast corner
of the county.

The ridges on either side of the St. Joseph are broad but comparatively
high and rolling tracts of land. That upon the western side is the more
massive and level. It bears upon its surface numerous and extensive
swamps, depressions wherein the water is retained by impervious strata
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of clay. These are being drained by an elaborate system of ditches
chiefly into the St. Joseph. Its western slope is quite abrupt, and in
Jackson Township cut by deep ravines. Here occurs the only lake east
of Cedar Creek, Duncan’s Lake in section 31. Its basin is a symmetrical
oval, about eighty acres in extent, with bold shores and a border of
marsh all around it. One mile northwest, in section 36, is a similar
basin of double the area, now occupied by a black ash swamp. Both are
drained into the St. Joseph, although the swamp is only a mile from
Cedar Creek. Just south of the Dekalb County line the moraine rises to
its highest elevation in ¢ Dutch Ridge,” Perry Township, Allen County,
about 900 feet above the sea. Near the northeast corner of Dekalb
County, this moraine is crossed by Fish Creek, which bas cut a valley
25 to 40 feet below the general level. That portion of the county which
lies upon the interlobate moraine presents surface features distinctly differ-
ent from those of the terminal moraines. The topography is more
strongly morainic, and characterized by high, irregular ridges, abrupt
slopes, deep winding valleys and numerous lakes. These characters in
great variety and perfection render Fairfield Township the most pictur-
esque portion of the county. In sections 3 and 4 Story Lake occupies a
valley now much too large for it, and empties northward into Pigeon
River and the St. Joseph of Lake Michigan. Indian Lake (section 29),
Cedar Lake (section 30, Smithfield), and several smaller bodies of water
form the sources of Cedar Creek which flows down the slope to the south-
east until it strikes the western border of the Wabash, Aboit moraine,
and is turned to the southwest. These lakes, originally shallow, are be-
ing rapidly encroached upon by the growth of aquatic vegetation. The
open water is surrounded by a wide border of quaking bog, so that a
solid shore for launching or landing can hardly be found anywhere. The
water swarms with vegetable and animal life, and furnishes an almost in-
exhaustible store of material for the naturalist. The artist, too, would
find here many forms fit for his study and use. He would have only to
copy and combine the shapes and tints of pickerel weed, spatter-dock,
arrow-head and pond lily to form designs at once natural, beautiful and
unique. The lakes are all approaching the verge of extinction, and in a
few years or generations will become swamps, or, by artificial drainage,
«fertile farms. Some of the lakes of this region have met a different fate.
Instead of being gradually filled with muck from the bottom, they have
been buried alive by a growth of vegetation which has spread over the
surface of the water. The L., 8. & M. 8. Railroad attempted to cross
such a one three miles west of Waterloo, but the track fell through into
water 40 to 60 feet deep. The ‘‘sink hole” was finally bridged with
timber and old ties. The final stage of a lake, just before extinction, is
often a tamarack swamp, of which there are many examples in the
county. The largest, just west of Garrett, occupies more than a square
mile, and still conceals within a small remnant of open water.
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During the period of the melting glacier large quantities of water poured
over the country in channels now much too large for the insignificant
streams which occupy them. The soil was washed over, sorted out and
rearranged, and the general unevenness of the surface was greatly
reduced. The smoothing process is still going on, and many prominent
features of topography have been obliterated or buried. At that time
the St. Joseph River continued its southwest course into the Wabash
through a channel now occupied by the Little River prairie from Fort
Wayne to Huntington. The Maumee River had no existence, its present
basin being partly occupied by the retreating ice, and partly by a lake
which emptied into the St. Joseph, at Fort Wayne. There is abundant
evidence to show that the latter river was originally much larger than at
present, and flowed at a level about 25 feet above its present bed. Its
valley in Indiana is seldom less than half a mile wide. The river is
bordered by plains and terraces of fine sand, whoee limits are sometimes
indefinite, but usually marked by a distinct bluff. In sections 6 and 7,
Newville, the east bank is bordered by a wide terrace 25 feet high for a
distance of three miles. Where crossed by the Hicksville road it is
broken by benches of three or four feet into three terraces. In sections
32, 29 and 28, Stafford, a series of low sand dunes rest upon this terrace
and extend about two miles, the northern half along the right bank, and
the southern half along the left bank, but at a distance of a quarter of a
mile from the river. Opposite Spencerville, section 33, Concord, the
bluff is 35 feet high, broken by a terrace 20 feet above low water, which
extends up the river to a hummocky ridge of sand half a mile long, and
20 to 30 feet high. These peculiar features of terrace and dune are
continued along the river in Allen County. The ridges exactly resemble
kames, but their position indicates that they were formed by the action of
water rather than by ice. Yet that the river ever stood high enough to
flow over them seems a rather violent supposition.

Throughout the innumerable variations of soil in Dekalb County, one
law prevails: upon the elevations the soil is clay, in the valleys sand and
gravel. The railroad cut at Corunna shows 18 feet of clay underlaid by
coarse sand, and this is a typical specimen. Continued observation has
deepened the impression that the whole region was originally covered by
a sheet of clay, which subsequent erosion has cut through and remeved,’
except upon the higher points. The source and manner of deposit of
this upper member of the drift is still an open question. That it was the
surface load of the glacier and deposited by the final general melting of
the mass, that it is the sediment from the waters of a post-glacial lake,
and that it was dropped by floating icebergs, are each possible but hardly
satisfactory theories. During the post-glacial subsidence of the waters
and the rearrangement of materials, some remarkable results were ac-
complished. On the farm of A. Stapleton section 31, Stafford, in a basin
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of about ten acres extent, under three or four feet of quaking muck, has
been found a bed of calcareous clay of unusual character. Its color is a
very delicate light gray, which darkens a little on exposure to the air.
When wet it is s0o smooth and unctuous as to have led to the belief that it
contains oil. When dry it forms a compact mass which can be polished
until the surface resembles glass or marble. The dry powder is as fine
and soft as flour without a particle of grit. It is alkoline in reaction and
acts as a very efficient cleansing, scouring and polishing agent for all sur-
faces. On account of its tenacity it can be moulded into the most delicate
ornamental designs, and specimens of pottery made from it burn ex-
tremely hard and of a light terra cotta color. The following analysis
shows its chemical composition :

Calcium carbonate . . . . . . . .. ... ......... 156.00 per cent,
Magnesium carbonate . . . . . . . .. ... 0oL 184 « «
Ferricoxide . . . . . . . ... .. ... 000, 452 « ¢«
Silica . . . . . .o e e e e e e e e 3732 « «
Alumina. . . . . . . . L oo e e e e e e e e e e 20.85 ¢« «
Combined water . . . . . . . . ... ... ..., 1147 « «

Its physical characters are more remarkable than its chemical. It is
genuine *‘ rock-flour,” which could be produced in no other way than by

* * * theslow and ponderous creep
Of ice a thousand fathoms deep.

By what delicate adjustment of currents was this flour sorted out from
all admixture of coarser particles, and finally deposited by slow settling
from still water until the basin of the little lake was filled with it to a
depth of more than twenty feet. It is a product of glacial action as
peculiar and characteristic as striated stones, and it ought to be distin-
guished by the name of glacierite.

The following section of the drift in the boring for gas at Butler is
instructive :

“Hard-pan” (generallyclay) . . . . . . .. .. ... ....... 15 feet.
Gravel andcoarsesand . . . . . . . . . . .. ... 276 “
Redquicksand . . . . . . . . ... .. it 40 «
Clay (glacierite) . . . . . . . . . ... .. ... 0.0 45 “
Cobble stonesand bowlders . . . . . . . . .. ... ... .. ... 3 «
378 «

The same stratum of bowlders at the bottom of the drift was struck in
the boring at Garrett. Borings for gas have been made at four different
localities in the county, sections of which are shown in the following table:
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Auburn. Garrett. Butler. Waterloo.

Surface above sea level . . . . . 872 892 867 887
Drift . . . . « .. . .. 280 378 378 365
Blackshale . . . . . ... .. 120 .. 108 .
Limestone ". . . . . .. ... 963 1,050 1,064
Shale. . . . . .. ¢« ... 568 .. 500

Trenton Limestone at . . . 1,937 1,912 2,050

Total depth . . . . . . . . 1,964 2,220 2,139

Boring No. 1 at Auburn yields gas estimated at 460,000 cubic feet per
day. No. 2 was shot and filled with salt water; it nevertheless yields
gas, the water being ‘*blown off” once a day. A third boring is in
progress. In the Butler well gas was obtained, but after being shot with
120 quarts of nitro-glycerine the well was filled up 200 feet and the flow
stopped. The Waterloo boring yields a quantity of gas nearly equal to
that at Auburn. The Garrett boring yielded no gas.

The drift of Dekalb county has furnished some interesting and unusual
specimens. A mass of pure galena weighing ten pounds was found near
Corunna. Near Fairfield Center a large bowlder of mica schist was full
of crystals of colophonite, some as large as a hen’s egg. A small nugget
of pure copper found in Wilmington Township may have been an aborig-
inal importation free of duty, but the occurrence of the galena remains
a mystery. That savage races often regard black stones as sacred is well
known, and the conjecture is not unreasonable that the brilliant black
mass of lead ore may have been brought to Indiana and treated as a god.
Mastodon remains have been found in five different localities in the
county, one in section 27, Smithfield, being remarkable because the bones,
excellently preserved, were found not in a swamp but under four feet of
blue clay.

Hon. R. Wesley McBride, of Waterloo, who has given much attention
to the geology and archseology of his county, reports mounds and pre-
historic remains as being very abundant. Out of mounds and fortifica-
tions examined by him in eleven different localities he has obtained a
large collection of pottery, stone implements and human bones. From
one mound near Waterloo the skeletons of at least twenty-five persons
were exhumed. They had been thrown in promiscuously and covered
with twelve or fifteen feet of charcoal.



REPORT UPON THE GEOLOGY OF ALLEN COUNTY.

BY CHARLES R. DRYER, M. D.

The county of Allen was organized in 1823, out of territory then in-
cluded in Randolph and Delaware counties. It is bounded on the south
by the counties of Adams and Wells, on the west by Huntington and
Whitley, on the north by Noble and Dekalb, and on the east by the State
of Ohio. It is 24 miles wide from north to south, and its length from
east to west varies from 26 to 28 miles. It includes 16 whole townships
and 4 fractional, being a total area of about 664 square miles. For con-
venience of reference the civil names of the congressional townships are
given in the following table :

R.11. R. 12. R. 18. R. 14. R. 15.
Tp. 32. Eel River. Perry. Cedar Creek. Springfield. Scipio.
Tp. 31. Lake. Washingt'n St. Joeeph. Milan. Maumee.
Tp. 30. Aboit. Wayne. Adams. Jefferson. Jackson.
Tp. 29. Lafayette. Pleasant.  Marion. Madison. Monroe.

Allen County is crossed by the parallel of 41° north latitude, the me-
ridian of 85° west longitude, and the annual isothermal of 52° F. Its
annual rainfall is about 35 inches, and its average elevation not far from
800 feet above sea level.

The city of Fort Wayne (population 30,000), the county seat, and the
third city in the State, is situated three miles west of the center of the
county at the junction of its three principal rivers, the St. Joseph, St.
Mary’s and Maumee. Its site is at the beginning of the portage from the
Maumee to the Wabash rivers, and its occupation as a French trading
post probably dates back to 1680.

The county is crossed east and west by the Wabash, St. Louis & Pacific,
the Pittsburgh, Ft. Wayne & Chicago, and the New York, Chicago &
8t. Louis railroads; north and south by the Grand Rapids & Indiana,
and Cincinnati, Richmond & Ft. Wayne, the Ft. Wayne, Cincinnati &
Louisville, and the Ft. Wayne branch of the Lake Shore & Michigan
SBouthern. The population of the county is nearly 60,000.

8—GroLoayY.
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Physically, Allen County is a part of that shallow trough which con-
tinues the basin of Lake Erie southwestward across Ohio and Indiana
nearly to the borders of Illinois, and which I shall call the Wabash-Erie
region. The county lies exactly midway of this trough, where a curved,
transverse ridge forms a divide which turns a portion of the water north-
eastward through the Maumee to Lake Erie and the remainder south-
westward through the Wabash to the Ohio. This region exhibits a con-
tinuity and unity of structure which indicate that the whole has been
shaped by the action of one agent. Many features of its topography and
drainage are anomalous, unique and explainable only by reference to a
single cause.

Along the present axis of the trough extends one uninterrupted river
channel, occupied, however, by different streams; from Lake Erie to Ft.
Wayne by the Maumee, thence for about twenty miles by a marsh known
as the Little River Prairie, thence by the Little Wabash River to its
junction with the great Wabash below Huntington, and thence by the
latter river. Down the sides of the trough ten streams of considerable
size flow toward the central axis, arranged opposite each other in pairs,
the Auglaize and the Tiffin, the St. Marys and the St. Josephs, the Upper
Wabash* and the Aboit, the Salamonie and the Eel, the Mississinewa
and the Tippecanoe. - Those upon the southern side occur at regular in-
tervals and flow in symmetrical curves parallel with the southwest shore
of Lake Erie. The drainage system as a whole is almost sagittate in
form, resembling the shape of an arrow with a five-barbed head. The
general course of the ten tributaries is toward the western end of the
trough, and, according to hydrographical precedents, all ought to be trib-
utaries of the Wabash River; yet four are on the eastern side of the
divide and turn back upon themselves in a remarkable manner The St.
Mary’s River, after flowing northward sixty miles, and the St. Joseph,
after flowing southwestward eighty miles, unite to form the Maumee,
which then turns abruptly to the northeast; so that in a course of ten
miles the waters of the St. Joseph suffer a change in direction of more
than 160 degrees. The key to this unusual behavior was discovered in
1870 by Mr. G. K. Gilbert, then of the geological survey of Ohio. He
found closely following the eastern banks of these rivers a ridge which he
conceived to be ‘“the superficial representation of a terminal glacial
moraine.”f About the same time Professor N. H. Winchell was study-
ing these and other ridges in northwestern Ohio, which he described in
detail in a paper read at the meeting of the American Association for the
~ Advancement of Science at Dubuque in 1872.f{ He pronounced all the
ridges described to be terminal moraines of a local glacier which passed

#Tho Wabash above Huntington. N
tGeological Survey of Ohio, Geology, Vol. L., p. 540.
1Proceedings of A. A. A. S. for 1872, p. 152.
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up the St. Lawrence valley and was protruded into the cul-de-sac of the
Maumee. In 1881 Professor T. C. Chamberlain published his classic re- -
port upon the Terminal Moraine of the Second Glacial Period,* from
which it appears that the ice did not stop at Ft. Wayne, but pushed on
nearly to the western border of Indiana.

The discovery of the key to the peculiar structure of the Wabash-Erie
region is due to the sagacity of Mr. Gilbert. The sequel may show that
this key has been applied with too little discrimination ; but there is now
no reason to doubt that the parallel, crescentiform ridges which determin
the course of the principal streams of this region are of glacial origin an
morainic character. Allen County is traversed by two such ridges, and
further discussion of the subject will be confined to them.

The surface of the county is everywhere covered with a sheet of drift
seldom less than 100 feet in thickness. The character and disposition of
the drift govern its topography, control its drainage, and determine its
agricultural character. A study of the geology of Allen County must
be almost exclusively a study of the drift. For convenience of descrip-
tion the county may be divided into six natural divisions.

The Maumee Lake Region.

The 8St. Mary’s and 8t. Joseph Moraine.
The St. Mary’s Basin.

The St. Joseph Valley.

The Wabash-Aboit Moraine.

The Aboit and Eel River Region.

S R

THE MAUMEE LAKE REGION.

Once covered by the waters of a glacial lake, forms a triangle with a base
of 18 miles on the east line of the county, and its apex in section 3 Adams
Township. It occupies the townships of Jackson and Maumee, the
greater part of Scipio and Milan, one-half of Jefferson and portions of
Springfield, St. Joseph and Adams, and has an area of about 120 square
miles, or nearly one-fifth of the county. This lake emptied westward into
the Wabash channel, and its eastern shores were probably formed by the ice-
foot or wall of the retreating glacier. The Blanchard ridget of Winchell
marks the next halting place of the ice-foot, and was probably for a time
the eastern boundary of the lake. During that period it was an inter-
morainic lake, and bad an area of 800 or 1,000 square miles, and a max-
imum depth near Emerald, Ohio, of perhaps 60 feet.]

*U. B. Geol. Surv., 3d Annual Report, p. 291.

t This ridge is & terminal moraine approximately parallel with the St. Mary’s and 8t.
Joseph moraine. It extends from Adrian, Mich., to the Maumee, below Defiance, Ohio,
thence southeastward to the Putnam County line, thenco eastward through Leipsic and Fog-
toria to Tiffin.

T, P. Roberts’ letter in the Toledo Blade, February 22, 1876,
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The surface of this region is remarkably uniform,* being in some places
" an absolute level and occupied by extensive marshes, such as ¢ great bear
swamp,” in Jackson Township. The streams are crooked and sluggish,
and proper drainage, always difficult, is often impossible. It exhibits all
the characters of the ‘ Black Swamp” of Ohio, of which it forms a part
The surface soil is chiefly a compact bowlder clay, overlaid in some places
by laminated clays, with here and there a patch, streak or ridge of sand
or gravel. The clay is commonly yellow to the depth to which aerated
water has penetrated, below that blue. The boring of wells reveals the
presence of layers or pockets of sand and gravel, which form the water-
bearing strata.

Along the northwestern borders of this region ¢‘fountain wells” are
very common. Near the line between Springfield and Milan and Maumee
townships, there are as many as twenty within a distance of three miles.
Flowing water is usually struck at depths between 35 and 45 feet, and a
copious stream rises to the surface, or a few feet above. The following
section of Rupert’s well (section 1, Milan), is typical :

Yellowelay . . . . . . ¢ 0 i v i ittt i e e e e e 7 feet.
Blueclay withgravel . . . . . . . . .. . . ... 000 0. 20 “
“Puttyelay”. . o . b . e e e e e e e e e e e e e e e 5 «
Quicksand . . . . . . L ... Lo e e e e e e
Water bearing gravel, withcoal . . . . . .. . ... ... .. ... 3 «

The “coal” often comes up in considerable quantities. It consists of
black water-worn fragments, never larger than a cherry, which chemical
analysis shows to contain—

Volatilematter . . . . « « ¢ ¢ v o o ¢ ¢ o 4 4 et e e e e e e 14.17
L1070 - 64.12
7N - Y 21.71

100.00

These wells are all south of the Hicksville ridge and the water probably
comes from the higher ground of the St. Joseph ridge.

Through this region, in a course almost parallel with its northern border
and not more than four miles from it, the Maumee River flows in an
exceedingly tortuous channel 25 to 40 feet deep, and with a fall of not
more than one foot to the mile. At Bull Rapids (Maumee township) the
channel is 360 feet wide and the banks 30 feet high. In section 22, Milan,
the banks show 25 feet of gravelly clay, underlaid by 5 feet of very coarse
gravel and bowlders, most of ‘the stones being well rounded, but as many
as one in twenty being flat and beautifully striated on one or both sides.

cWabash & Erie Canalat State line. . . . . . ... .. .. .......... 750 feet A. T.
N.Y.C.&8tL.R.R. L () L
New Haven, Allen County, Ind, . . . « v . vttt e i vt n i s 76 %«
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The Maumee has no flood plain, terraces, benches, or bluffs. Its numer-
ous northern tributaries rise within two or three miles of the St. Joseph
River, and flow directly down the slope of the trough It has almost no
tributaries from the south, nearly all the streams within 20 miles of it
flowing parallel with it. Platter Creek rises in Milan Township, within
two miles of the Maumee, and flows northeast about 25 miles to the,
Auglaize. The numerous branches of Flat Rock Creek, which drain the
southeast corner of the county, unite to form a sluggish and serpentine
stream, which flows parallel with the Maumee at a distance of ten miles,
and also empties into the Auglaize.

The Maumee Lake region is bounded upon the southwest and north-
west by the Van Wert ridge of Winchell. It branches from the Blanch-
ard ridge at Findlay, O., passes through Benton, Wehster, Pendleton,
Delphos and Van Wert, across the southwest corner of Paulding county,
and enters Indiana in Section 2, Menroe township, Allen county. Thence
it pursues a somewhat irregular course presently to be described, to New
Haven. The portion north of the Maumee called the Hicksville ridge,
begins in Section 3, Adams township, extends in an almost straight line
to the northeast corner of Allen county, and continues thence through
Hicksville, Williams Center, Bryan, West Unity and Fayette, Ohio, to
and beyond Adrian, Michigan, where it probably again joins the Blanch-
ard ridge. The arrow head-shaped space enclosed by these ridges, its
point being at New Haven, the extremities of its barbs at Adrian and
Findlay, and the bottom of its notch at Defiance is the area once covered
by the waters of the Maumee Lake.

The Van Wert and Hickaville ridge is regarded by Prof. Winchell as a
terminal moraine, but by Mr. Gilbert and Prof. Newberry* as a lake
beach or shore line. After a careful examination of it in Allen county,
the evidence in favor of the latter view seems to be decisive. In Van
Wert county, Ohio, the ridge breaks up into several members, and enters
Allen county in at least four parts, all in Monroe township. The most
southerly branch crosses the State line on the middle line of Section 14,
and can be traced into the northeast quarter of Section 16. It is a sand
and gravel ridge four or five feet high and three rods wide, trending E.
8. E. by W. N. W. A second similar and parallelridge crosses the State
line one-fourth of a mile north of south line of Section 11, and ends a
few rods to the west.

A third ridge crosses one-fourth of a mile north of the second and can
be traced to the northwest corner of Section 10. The main branch enters
Allen county a few rods north of south line of Section 2. It is a ridge
of fine gravel and coarse sand averaging twenty rods in width and ten
feet in height, but is quite variable. It extends northwest to the center

*@eological survey of Qhio, Geology vol, II, p.&7.
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of the northwest quarter of Section 3, thence west one mile, thence north-
west to center of southeast quarter Section 32, Jackson township, where
it ends abruptly. Thence to the center of Section 36, Jefferson township,
where the ridge again appears, is a gap of more than two miles, to pass
thr ;ugh which the upper branches of Flat Rock Creek converge from the
west, south and southwest. In Sections 36 and 25, Jefferson, the ridge
trends a little west of north, and is very strong, its dimensions being
fully twice the average given above. In Section 23 it is much less prom-
inent, and in the northeast quarter curves sharply to the west. At Be-
sangon, northwest quarter of Section 22, it becomes a quarter of a mile
wide and divides into two branches. The north branch fades out near
the center of Section 16, and the south branch runs west to the south-
west corner. Thus far the ridge is quite symmetrical, sloping equally on
both sides; but on entering the southeast corner of Section 17 it becomes
a bench or terrace slightly elevated above the general level on the south,
but sloping northward forty rods to a level twenty to thirty five feet below.
It maintains this character to the southwest corner of Section 7, where it
becomes a ridge of fine sand twenty feet above the level on the south and
thirty to forty feet above the plain on the north. It traverses the south
half of Section 12, Adams township, passing a little south of New Haven,
and near the center of Section 11, becomes broader and bends back south-
ward a half mile into Section 14, where it terminates. The west end and
southward extension is composed of rather coarse gravel. Six Mile Creek
has cut off the northwest angle and it has been excavated for road build-
ing. The section at the gravel pit shows strata of coarse sand and gravel
in somewhat confused anticlinal stratification, having a total thickness of
twenty-three feet, and underlaid by clay. The summit of the ridge is
thirty-five feet above the creek. At a point vn the very crest of the ridge
one mile east of its western end, E. W. Greene had just bored a well
seventy feet deep from which the water was flowing in a half inch stream,
although the level seemed to be higher than that of any land visible
around it. The boring was through sand twenty feet and gravelly clay
fifty feet to water bearing quicksand.

North of the Maumee the Van Wert ridge is contmued by the Hicks-
ville ridge, which extends eastward from Ft. Wayne along the north line
of Adams township to the center of the northwest quarter of section 3,
where it makes a sharp bend of 110° toward the northeast. At north-
west corner of section 35, St. Joseph Township, it becomes triple, the
middle branch being in a direct line with the previous and subsequent
coarse. The inner branch, next the lake, curves away to the distance of
quarter of a mile, and rejoins the middle one a little east of the southwest
corner of section 24. The outer branch is a bench parallel with the mid-
dle one and 40 rods from it. The triple character is maintained for about
two miles, and without detriment to the mass of either branch. Thus far
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the ridge is a rounded, symmetrical pile of sand and gravel of an aver-
age height of 25 feet above the lake bottom on the southeast, and with a
slope of about half that fall to the northwest. Beyond the center of sec-
tion 24 the ridge is broad, irregular and more difficult to define, the de-
scent toward the northwest being slight or wanting. There is every-
where, however, a strong contrast between the flat bottom land on one
side and the higher, rolling country on the other. It passes with slight
deviation to Maysville, where it again assumes a regular and symmetrical
character, and continues thence to the northeast corner of the county.

The true nature of the Van Wert ridge will be better understood after
a consideration of other similar ridges which lie between it and the Mau-
mee River The most prominent of these is known as ‘¢ Irish Ridge.”
It begins with a broad mass of gravel occupying the center of section 9,
Jefferson Township. It was originally half a mile long, a quarter of a
mile broad, and 10 or 12 feet thick, of fine gravel in perfect anticlinal
stratification. From the gravel bed a ridge 15 feet high and five or six
rods wide extends a little south of east across sections 10, 11 and 14, -and
into 13. Its eastern half is broader and not so well defined, and runs out
into a mere streak of yellow sand. Its length is three miles and its di-
rection parallel with the Van Wert ridge, from which it is distant a mile
and a half.

Another called ‘‘ Briar Ridge,” is reported as extending northwest and
southeast across section 15, Jackson Township, but I have not examined
it. Small sand ridges parallel with the Hicksville ridge were noticed in
sections 6 and 7, Milan Township, and probably others occur in the Lake
Region. The following altitudes on the Van Wert Ridge have been
obtained from various sources, chiefly railroad levels :

Gorham Township, Falton County,Ohio . . . . . .. .. ... .. 798 feet.
West Unity, Williams County,Ohio . . . . . . ... ... .. .. 803
Pulaski, Williams County,Ohio . . . . . . . . .. ... .. ... 798 ¢
Bryan, Williams County,Ohio . . . . . . . . . . .. .. ... .. 771«
North of New Haven, Allen County, Ind . . . . . . . . ... ... 775 “
West end of Irish Ridge, Allen County,Ind . . . . . . . . ... .. 79 “
South of New Haven, Allen County, Ind . . . . . . . e e e e e . 802 “
VanWert,Ohio . . . . . . . . ¢ vt v v it v v e v v v v 788
Delphos,Ohio . . . . .. .. ... ... ... .. S e e e 784 «
Average heightabout . . . . . . . . . ... .. 00000 800 «

The character of the Van Wert Ridge may be summed up as follows:

1. It is composed of saud and gravel in more or less regular anti-
clinal stratification.

2. It is superficial, a deposit not over 20 feet deep (or high) super-
impoeed upon the fundamental clay of the country.

3. It is narrow, sinuous, and frequently broken up into several mem-
bers, each member being symmetrical and often equal in mass to the main

ridge.
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4. It offers little obstruction to the course of streams, being broken
by frequent gaps for their passage.

5. Its crest shows a remarkable uniformity of level.

These characters mark it unmistakably as being not a glacial moraine,
but a lake beach. Irish ridge is evidently an offshare bar, and may have
been the cause of the somewhat weak and confused character of the main
ridge immediately south of it. The contrast between the simplicity and
directness of the Hicksville ridge and the irregular complexity of the
Van Wert ridge is readily accounted for. On the north the waters of
the Maumee lake beat against the straight and bold escarpment of the
inner margin of the St. Joseph ridges, while on the south the inner slope
of the St. Mary’s ridge, east of the centre of Jefferson ‘Township is so
gentle as to be imperceptible. The water crept up this slope in wide shal-
lows and a change of level of a few feet would move the shore line as
many miles. West of the center of Jefferson Township the inner margin
of the St. Mary’s ridge is high and bold, the main Van Wert ridge is co-
incident with it, and this fact explains all its anomalies.

Connected with the Maumee lake are two ancient drainage channels,
the Six-Mile Creek channel and the Wabash-Erie channel. The former
is a channel through which the St. Mary’s River once emptied inte the
lake. It can be easily traced from the great bend of the St. Mary’s River
at the north line of section 7, Marion Township, to the Maumee at New
Haven. It follows the valley of Merriam’s Creek for half a mile, then
the course of the Trier ditch northward through sections 5, Marion, and
32 and 29, Adams, thence along Six-Mile Creek through sections 20, 21,
156, and 11, to New Haven. The summit is in section 32, and is 20 feet
above low water at New Haven, and not more than 10 feet above low
water in the St. Mary’s, so that frequently the St. Mary’s water overflows
the summit. The width of the channel is uniformly a quarter of a mile
until it reaches section 15, where it begins to widen, and on the line be-
tween sections 10 and 15 it is a mile and a half wide, being bordered on
the east by the high western face of the recurred end of the Van Wert
ridge, and on the west by a similar ridge hereafter to be described. The
banks of the channel have an average height of 15 feet, but the levels of
the P., Ft. W. & C: R. R. show that the bottom of it is 60 feet below the
summit on the west, and 40 feet below that on the east. 1t cuts com-
pletely through the St. Mary’s ridge and may have afforded passage for
ice or water either way. That a considerable stream once traversed it
toward the north is shown hy the terrace or delta of sand at the New
Haven end.
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THE NEW HAVEN DELTA

Is a deposit of sand which might be regarded as a western extension of
Irish Ridge. Its easterr end is half a mile wide at middle of south half
of section 5, Jefferson, whence it extends westward and occupies nearly
all the space between the margin of the St. Mary’s Ridge and the
Maumee. The Maumee touches it in section 1, Adams, and again in
section 3, and it continues as a narrow terrace nearly to Ft. Wayne. It
is exactly opposite the Six Mile Creek gap, and was undoubtedly formed
from materials washed through that gap. Its average elevation above
the lake bottom is 10 feet, frequently rising along its margin to twice
that height.

’

THE WABASH-ERIE CHANNEL

Is a part of the axial channel of the Wabash-Erie trough, and once
carried the waters of the Maumee Lake to the Wabash River. It begins
in section 3, Adams, where between the before mentioned angle of the
Hicksville ridge and the margin of the New Haven delta it has a width
of only half a mile; but to the margin of the St. Mary’s ridge is a mile
and a half. Thence westward four miles to Ft. Wayne, the channel cuts
through the St. Mary’s and St. Joseph 100raine, and narrows to a width -
of five-eighths of a mile. This portion is bordered on the north by a
prolongation of the Hicksville ridge, and on the south by the cut edge of
the moraine which rises in the city to a bluff 50 feet high. At the
western border of the moraine the channel turns to the southwest in a
line which is a direct continuation of the valley of the St. Joseph River.
For the next eight miles it is one mile wide, and has for its northern
bank a line of bluffs 60 feet high, formed by the border of the Wabash-
Aboit moraine. The Wabash & Erie Canal follows closely the foot of
these bluffs. It is bounded on the south by a system of kames hereafter
to be described. In section 35, Aboit Township, it is joined from the
east by a former channel of the St. Mary’s River, and its width is in-
creased to a mile and a half. It then turns westward along the south
line of that township and cuts through the Wabash-Aboit moraine.
Here it again narrows to one mile, and its banks attain their highest
elevation, the bluffs on either side at the mouth of the Aboit River being
more than 100 feet above the present bottom of the channel. On enter-
ing the northeast corner of Huntington County it curves southward along
the western face of the Wabash ridge, to the south line of Jackson Town-
ship, where it turns again westward. Just above Huntington it expands
to a breadth of more than two miles, narrows again in passing the city,
and enters the present Wabash Valley two miles below.

The Wabash-Erie channel has a total length of 30 miles, two-thirds of
which is occupied by a marshy prairie and traversed by the insignificant
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Little Wabash, or Little River. The peat bed is about four feet thick
and underlaid by blue clay. At Lewises ford, three miles above Hunt-
ington, the peat and clay end, and below there the bottom is of Niagara
limestone. This channel was undoubtedly the avenue of escape for the
waters of the Maumee Lake and the St. Joseph and St. Mary’s rivers,
and its level is about 150 lower than that of any other pass crossing.the
divide out of the Erie basin. The present level of its bottom rises from
737 feet at the mouth of the St. Joseph to 756 feet at the gummit four
miles west, then falls to 744 feet at the margin of the Niagdag outcrop,
and to 699 feet at its junction with the Wabash. The silt at the summit
is about 40 feet deep, and if it were removed the summit of the rock bot-
tom would be the limestone ledge at Lewises’ ford. The water in this
channel may have had originally a depth of 70 feet, and the river which
post-glacial man may have seen there was comparable with the ngam'
itself.

THE ST. MARY’S AND ST. JOSEPH MORAINE.

This is the longest and most important ridge in the Wabash-Erie re-
- gion, and has been described by both Winchell and Gilbert; but concern-
ing its course east of Lima, Ohio, they do not agree. From Lima it
runs west and northwest along the right bank of the St. Mary’s River to
Ft. Wayne, thence northeast along the left bank of the 8t. Joseph to
Hudson, Michigan. Winchell describes it as being *‘ like a dead wave
on the surface of the ocean, hardly perceptible to the eye on account of
its smoothness, but revealed by its effect upon everything that encounters
it.” This effect is most striking upon the course of the St. Mary’s River.
Its headwaters in Auglaize and Mercer counties, Ohio, flow directly
northward toward the Maumee until they encounter the ridge and by it
ure deflected to the west. The crest of the ridge can be easily traced
upon the map, since it forms the watershed between the St. Mary’s and
the Auglaize at a distance of about 4 miles from the former and 30 miles
from the latter. In Allen County the Wayne trace, or old Piqua road

follows the crest. Its inner slope is gentle, its outer more abrupt, the
fall from the summit to the St. Mary’s at south line of Allen County
being not less than 80 feet. In the southern townships the ridge is per-
ceptible only upon the map, that is by its influence on the course of
streams; but in Adams and Wayne townships it becomes rolling, with
bluffy margins, kames and other notable features of a terminal moraine.
The inner margin has already been described from the center of Jefferson
township to the Six Mile Creek gap. On the west side of that gap it be-
gins near west line of section 15, Adams, and continues as a bold bluff
40-50 feet high across sections 9, 8 and 6 and through the city of Ft.
Wayne to the point where the Wabash and Erie Canal (now N. Y., C.
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and 8t. L. R. R.) crosses the St. Mary’s. The peculiar features of the
ridge south of that point will be described in another connection. The
summit in section 7, Adams, is 76 feet above the mouth of the St. Mary’s.
The ridge is composed chiefly of bowlder clay with a border of sand and
gravel around its northern end.

The St. Joseph Ridge is more simple in structure and direct in course
than its southern complement. It extends from Ft. Wayne along the
left bank of the St. Joseph River beyond the borders of Michigan. It
fills the space between the river and the Hicksville Ridge. In Indiana
its breadth is four miles, but it widens toward the north. It is a slightly
rolling strip of country, which occupies the greater part of the Townships
of St. Joseph and Springfield, and a portion of Cedar Creek and Scipio.
According to ditch levels the crest is 50 feet above the Maumee Lake
bottom in 8t. Joseph, and 70 feet in Springfield. The following levels
show the very uniform longitudinal slope of the ridge from the extremities
toward the apex :

Hudson, Lenawee County, Mich . . . . .. ... ... ...... 927 feet.
Summit west of Bryan, Williams County, Ohio . . . . . . ... .. 873 «
Summit west of Hicksville, Defiance, Ohio . . . . . . ... .. .. 849 «
Wabash-Erie channel, head of Maumee River . . . . . . . . . ... 737 «
Summit east of Ft. Wayne, Allen County, Ind . . . . . e e e e 813 «
Summit, section 32, Madison, Allen County,Ind . . . . . . . . . .. 846 «
Two miles south of Spencer, Allen County,Ohio . . . . . . . . ... 872 «
Two miles south of Lima, Allen County,Ohio . . . . . . .. . ... 896 «
One mile north of Hog Creek Marsh, Hardin County, Ohio . . . . . . 914

If there was ever any reason to doubt the morainic character of the St.
Mary’s and St, Joseph Ridge, there can be none now, since its connection
with the great morainic system of North America is evident. The shape
and position of the ridge, regardless of its structure, show it to be a
terminal or frontal moraine of the Huron-Erie ice lobe, and to mark the
position where the ice-foot halted for a time in its retreat toward the
Canadian highlands. It is simply a place where the bowlder clay is 50—
75 feet thicker than usual, and there is no evidence to support the con-
jecture of Gilbert that it is the surface manifestation of a buried mass of
material different from the common drift of the region.

THE ST. MARY'S BASIN.

The St. Mary’s River rises in Auglaize County, Ohio, and follows the
outer face of the St. Mary’s moraine for about 60 miles. Near the cen-
ter of Wayne Township, Allen County, Ind., it cuts through the apex
of the moraine, emerges from it in section 10, and follows thence the
southeast bank of the Wabash-Erie channel to its junction with the St.
Joseph. It is a sluggish, muddy stream, without bluffs or flood plain, the
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highest water seldom being more than sufficient to fill its channel. Its
minimum flow is estimated to be from 1,500 to 2,000 cubic feet per min-
ute.* Its basin lies almost exclusively upon its left bank, and consists in
Indiana of a strip of flat country 10 or 12 miles wide, lying between the
St. Marv’s and the Wabash ridges. Inits lower course the river has been
tossed about from one channel to another repeatedly. The Six-Mile Creek
channel is probably the oldest and has already been described. A second
abandoned channel leaves the river at the southeast corner of section 22,
Wayne township, turns southwest across sections 28, 29, 30 and 31,
Wayne, and 36 and 35, Aboit, where it joins the Wabash-Erie channel.
It now forms an arm of the prairie 6 miles long, balf a mile wide, at a
level 15 feet above the present bottom of the river. A third and later.
channel at a lower level leaves the river one mile below the second, and
passes directly westward through sections 21 and 20, to the Wabash-Erie
channel. It is two and a half miles long and a quarter of a mile wide.
The greater part of the triangular space between the second St. Mary’s
channel and the Wabash-Erie channel is occupied by a system of sand
ridges, which form a projection from the apex of the 8t. Mary’s moraine,
and a continuation of the kames, which are a part of that moraine. For
convenience of description I shall call them all kames, leaving the ques-
tion of their true nature for future discussion. On the east the system is
almost continuous with the Van Wert ridge.

Kame No. 1 forms the western wall of the Six-Mile Creek gap in sec-
tion 156, Adams. It is 20 rods wide, 20 feet high, and half a mile long,
composed of gravel in anticlinal stratification. It is a reduced counter-
part of the recurred western end of the Van Wert ridge.

Kame No. 2 lies upon the summit of the St. Mary’s ridge, in the east-
ern part of the city of Ft. Wayne. It is a broad sand ridge extending
from the east line of section 7, Adams, westward a mile and a quarter.
It has been leveled for the new freight yards of the Pennsylvania Co.,
but west of the railroad it rises into a conical hill 30 feet high.

Kame No. 3, very symmetrical and quarter of a mile long, lies north
of and parallel with No. 2, just east of the center of Section 7.

Kame No. 4 begins near the crossing of the Wabash & Erie Canal
(now the N. Y, C. & 8t. L. Railroad), over the St. Mary’s River (west
end of Berry street, F't. Wayne), and extends thence as a massive ridge
of sand and gravel southward a mile and a half. It has been extensively
excavated for gravel by the P., Ft. W. & C. R. R. Co., and is cut through
along the Wabash R. R. by the valley of Shawnee run. An eastward
branch crosses the Bluffton road (Broadway) just south of Creighton
avenue. It fades out in the east half of section 15, Wayne, between the
St. Mary’s River and the Bluffton road.

[}

*Report of Maj. John M. Wilson, Engineer Corps of U.S. army to Seoretary of War,
1680, p. 60,
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Kame No. 5 lies on the west side of the river in the west half of sec-
tion 15, upon the Allen County Poor Farm. It is an irregular, curved
and branched ridge of sand extending southward one mile. Where the
river abuts against it the bank is 30 feet high.

The remaining kames are of fine, light yellow sand, without admixture
of gravel or bowlders, and wholly unstratified.

Kame No. 6 lies west of No. 5, in the north halves of sections 21 and
20. It is very irregular and built upon three parallel axes, but is not
complete on either. Two branches extend mnorth into the southeast
quarter of section 16, and in the northwest quarter of section 21 it is
broken up into conical hills. At the west end it is broad and slopeg
gently into the Wabash-Erie channel, above which its highest points are
30 feet.

Kame No. 7 begins in a broad mass occupying nearly the whole of the
southwest quarter of section 22, and sends two branches westward 40 to
50 rods apart. The south branch extends along the south line of section
21, and disappears at its west line. It is quite regular and 15 feet high,
The north branch is low, broad and irregular, until at a point opposite
the west end of the southern branch it suddenly rises to 30 feet, and is
thence very strong to the middle line of section 20, where it has a double
end like a thigh bone.

Kame No. 8 has two branches which separate at the center of the
northwest quarter of section 29, and diverge eastward to the east line of
the section.

Kame No. 9, three-quarters of a mile long, lies a little north of the
center line of sections 29 and 30.

To this system belong several small islands in the Wabash-Erie chan-
nel. The Wabash R. R. crosses one in the northwest corner of the south-
west quarter of Section 20, and another, Midway Island, a half mile long,
in the west halves of Sections 19 and 30. The largest, known as Fox
Island, in Sections 256 and 26, Aboit, is more than a mile long and a half
mile wide. ’

Kame No. 10, on Fox Island, is the last and most remarkable one of
the system. A beautifully symmetrical ridge, lithe and graceful as a ser-
pent, sweeps in a gentle curve like the Italic letter 8, or like the human
clavicle, westward through the south half of Section 25, three-fourths of
a mile long, twenty to twenty-five feet high, and as steep as sand can be
piled. Near the west end it sends two parallel branches southeastward.
Further west in Section 26, is a straight ridge parallel with these branches,
nearly as long as the main ridge, and extending into the southern penin-
sula of the island. Between the two is an oval, land-locked bay. North
of the east end of the main ridge lies a broader and more massive ridge
one-fourth of a mile long. The two touch at their eastern extremities
but diverge westward. These ridges form the skeleton of the island, the
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shore lines being filled out in general conformity to them. Fox Island is
covered with a light growth of oak, and with the water restored to its
bays, would form one of the most charming and unique parks in the
world. It is now accessible only to the pedestrian.

The system of ridges just described presents considerable variety of
structure and a remarkable gradation between the extreme forms. The
Van Wert ridge is plainly a beach deposit, but its western end is 35 feet
high, very steep, and bent back southward. All its features are repeated
in Kame No. 1, and an examination on the spot, or even an inspection of
the map, gives a strong impression that something more unyielding than
water must have passed southward through the Six-Mile Creek gap.
Kames 2 and 3 are not upon the margin, but upon the summit of the
moraine. Nos. 4 and 5 again are marginal, also curved, branched and
transverse to the general direction of ice motion. The others are parallel
to that direction. No. 6 is broken up like a typical kame, while No. 10
is, in shape and direction, a typical osar. The various forms run into
each other so completely that it is impossible to make any but arbitrary
distinctions. The series from No. 5 to No. 10 is embraced between and
threaded by present and former channels of the St. Mary’s River, and the
whole region bears the relation of a delta to that river. The river may
have furnished the material but it could never have put it into its pres-
ent shape. The popular notion that these ridges were blown up by the
wind is obviously untenable. That they were in some way produced by
sub-glacial streams, or in dry tunnels under the ice, seems most probable.
The materials may have fallen in from the top as observed by Professor
Wright in the Muir Glacier of Alaska,* or it may have been squeezed up
from below like the ‘ creeps” in coal mines. The problem of their origin
is a puzzling one, and I may be permitted to add my conjecture. The
sight of two road scrapers running side by side, and a few feet apart, sug-
gested a possible explanation. Suppose a fissure or tunnel in the glacial
mass a few rods wide at the bottom, the motion of the ice would not be
exactly parallel and uniform upon both sides of it, and partly by the
enormous pressure, and partly by the differential motion, the material of
the ground moraine would be squeezed, scraped and plowed up into a
steep, symmetrical, continuous and unstratified ridge like the Fox Island
kame.

THE BT. JOSEPH VALLEY:.

The 8t. Joseph River rises in Hillsdale County, Michigan, and after
flowing in a very direct course southwestward 75 miles joins the St.
Mary’s at Ft. Wayne, and its waters turn back upon themselves through
the Maumee channel. Originally it did not do so, but continued its di-

*American Journal of Science, January, 1887,
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rect course through the Wabash-Erie charnel to the present Wabash
River. The main stream of the Wabash was then a large River for 100
miles above Huntington, to which the present upper Wabash was a small
tributary. The basin of the St Joseph lies almost wholly upon its right
or western bank, its largest tributaries rising from the Saginaw-Huron in-
terlobate moraine of Chamberlain, in Steuben and Noble counties. Its
minimum flow is estimated by Major Wilson to be 4,000 cubic feet per
minute. The river is narrowly hemmed in between the St. Joseph mo-
raine on the east and the Wabash-Abnit moraine on the west, the space
between averaging less than half a mile wide. Its bed is largely of sand
and gravel, and its water much less muddy than that of the St. Mary’s.
Its valley is bounded by an almost continuous line of bluffs, and numer-
ous terraces reveal its former breadth and higher level.. Its waters now
rise occasionally to a level less than ten feet below the summit of the
divide in the Wabash-Erie channel. Its basin' and tributaries will be
further described in the next section.

THE WABASH-ABOIT MORAINE.

The Wabash Ridge of Winchell is described as lying along the north
side of the Wabash River in Mercer County, Ohio, and extending east-
ward even as far as Crawford County. It was supposed by him to fade
out toward the west, but in fact the Wabash Ridge in Indiana is more
strongly defined than the St. Mary’s. I have not examined it in Adams
County, but in Wells County the levels of the Ft. W.,C. & L. R. R
show, in the distance of two miles from the summit at Murray Station to
the river near Murray Village, a fall of 80 feet. From this point I have
traced the outer face of the ridge across sections 8 and 6, Lancaster, 37
and 30 Jefferson, and 25, 24, 13, 14 and 15, Union Township. It forms
a line of bluffs often very steep, averaging 50 feet in height, and rising at
some points 20 feet higher. From section 16, Union, the bluff fades out
into a gentle southwestward slope, across which Langlois Creek cuts
transversely. The Wabash River now leaves the ridge at Murray, and
flows nearly westward, but it once followed the bluff closely to the
Wabash-Erie channel. Two miles below Murray the old channel leaves
the present river and runs northward to the south line of section 26,
Union, where it joins the channel of Flat Creek, which is amply capacious
to carry a river the size of the present Wabash at Murray. From the
mouth of Flat Creek (section 2, Union Township, Huntington County),
the bank of the Wabash-Erie channel is high and bold, and is formed by
the outer force of the Wabash Ridge as far as the northeast corner of
Huntington County. The inner margin of the Wabash ridge, in Allen
County, is not bold, but can be easily traced from Zanesville northward
into section 22, Lafayette, thence trending east of north to the north line
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of the township, along which the ridge is cut transversely by the Wabash-
Erie channel. On the borders of the channel lies a series of ridges and
hills, one of which, in section 8, rises at least 125 feet above the level of
the channel. The material is everywhere bowlder clay.

The existence of a northern wing to the Wabash ridge seems never to
have been noticed previous to the present survey; yet it is the most
massive and strongly characterized of all the morainic ridges in the
Wabash-Erie region. It extends along the west side of the St. Joseph
River from Hillsdale County, Michigan, to the Wabash-Erie channel in
Aboit Township; I shall call it the Aboit ridge, and the two together the
Wabash-Aboit moraine. The Aboit ridge is bounded on the west in
Allen County by the valley of the Aboit River and the marshes about the
head waters of the Aboit and Eel Rivers; in Dekalb County by the valley
of Cedar Creek ; in Steuben County by the valley of Fish Creek, and in
Ohio and Michigan by the vallies of other tributaries of the St. Joseph.
All these streams behave in a peculiar and remarkable manner. They rise
from the Saginaw-Huron interlobate moraine, flow southeast six or ejght
miles, then, on striking the western face of the Aboit ridge, they turn
southwest parallel with it, and after pursuing that course ten to fifteen
miles, they turn again at a right angle and cut through the ridge to the St.
Joseph River. The interval between the Saginaw-Huron moraine and the
Aboit ridge is in Steuben County one mile, in Dekalb County three or four
miles. The Aboit ridge in Allen County has a width of from five to six
miles and occupies a portion of Aboit and Wayne Townships, nearly the
whole of Washington and Perry, and more than half of Cedar Creek. In
Dekalb County its width is from six to eight miles. It is crossed by sev-
eral railroads. Near its southern extremity the levels of the N. Y. C. &
St. L. R. R. show a rise from the Wabash-Erie channel to the summit one
mile east of the Aboit river of 98 feet, and thence to the Aboit a fall of 50
feet. The P., Ft. W. & C. R. R. rises from the channel to the summit
near Hadley, section 36 Lake, 85 feet, thence ae Aboit falls 36 feet.
The P. R. and L. R. R. crosses it diagonaliy, ana riges from the channel to
the summit north of Wallen 121 feet, thencet alls to the marsh near Hunt-
ertown 50 feet. The B. & O. R. R. rises from the St. Joseph River at St.
Joe, Dekalb County, to the summit one mile east of Auburn Junction, 110
feet, thence falls to Cedar Creek 48 feet. The general elevation of the
Aboit ridge above the St. Joseph River is in Indiana about 100 feet,
and above the intervale in the west 50 feet, the crest being usually within
one mile of the western margin.

It is a broad rolling table land, the chief material of which is gravelly
clay; but mounds, patches and ridges of sand and gravel are abundant,
especially in Perry township. In northeastern Dekalb County Fish
Creek crosses it through a gorge fifty feet deep, flanked by extensive ter-
races of sand and gravel. In central DeKalb it is flat and swampy, but
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in the southern part of that county it becomes ragged and broken. In
the northern part of Allen county it is crossed by Cedar Creek through a
gorge 50 to 100 feet deep, and 800 to 1,000 feet wide. At the bend of
the creek, in sections 3, 10 and 11, Perry, the ridge rises to an ex-
traordinary elevation. Here ‘“ Dutch ridge,” 50 feet higher than the
general level to the north and 100 feet above the creek, extends east and
west about two miles. The highest point near northwest corner of section
11 is more than 900 feet above sea level and the highest land in Allen
county. Duncan’s Lake, section 31, Jackson township, DeKalb county,
80 acres in extent, is the largest lake upon the ridge. In sections 7 and 8,
Cedar Creek, Viberg’s Lake contain 40 acres. In the northeast corner of
section 7, Hollopeter’s Lake of three acres is 40 feet deep and fed by
copious springs at the bottom. On the same farm, but in section 12,
Perry, is a little gem which exhibits in miniature the typical character of
a morainic lake. It is a perfect oval in outline, about one acre in extent,
and is like a crystal mirror set in an elaborate frame. At the edge of the
water is & gold and purple rim of nuphar and pontederia; outside that a
strip of pale grayish green shrub, with procumbent branches; then a
fringe of higher shrubbery, willow and the magnificent rhus venenata; out-
side of-that a straight impenetrable wall of vivid green formed by the
tamaracks, lariz Americana, 40 feet high. The lake was formerly 30 feet
deep, but a ditch has lowered the level of water and shores six feet. Itis
surrounded by an extensive peat bog, which on account of the draining
away of-the water has settled, forest and all, leaving cracks a foot wide
running parallel with the shores and encompassing 15 acres. Other
morainic lakes differ from this in size, depth, regularity of outline, and
continuity and extent of bog ; but they all show various stages of progress
from a clear, open kettle of water to one entirely filled with peat; from
a living lake to an extinct one.

The winding ridges, rounded domes, conical peaks, mounds and hol-
lows which figure so largely in the moraines described by Chamberlain,
Cook, Lewis and Wright are not wanting in the Aboit moraine, but are
of a subdued type. Characteristic moraine features are present on a
small scale. Lindenwood Cemetery, section 4, Wayne, owes its charm-
ing beauty to this style of topography, and the same structure prevails
over a large part of northern Wayne, Washington, Perry and Aboit
townships. At the forks of Spy Run (sections 26 and 27, Washington)
there is an extinct lake one mile long and half as wide. Kettleholes occur
everywhere, many being shallow, saucer-shaped depressions which have
been artificially drained and are now marked only by a few tufts of marsh
grass. Upon the bluff near the mouth of the Aboit River (sections 29
and 32, Aboit) there is an interesting group of typical potash kettles,
seven within a space of about 30 acres. The largest forms an irregular
depression 750 feet long and from 100 to 200 feet wide. The rest are

9—GEOLOGY.
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smaller, of oval or circular outline, and about 20 feet deep. Most of the
streams which drain the moraine flow at the bottom of gorges of which
they now occupy an insignificant portion. Bowlders are common every-
where, but are especially abundant along the outer or western edge of
the moraine and in the channels of the streams. They are of all sizes up
to ten or twelve feetin diameter. The materials are mostly metamorphic,
granite, syenite, gneiss, quartzite, conglomerate, slate and divrite, among
which a very compact, fine-grained green diorite is most common. All
are much worn, some being rounded and polished like a billiard ball, and
many planed and striated. Fragments of Huron shale are occasionally
found, and fossiliferous limestone occurs in small pieces. The gravel of
the clay is often highly calcareous.

ELEVATIONS ON THE WABASH-ABOIT MORAINE.

Oeseo, Hillsdale County, Michigan . ... . . . . ... ... ... 1,113 feet.
Summit E, of Auburn, Dekalb County, Indiana . . . . . . . . .. 900
Dutch Ridge, Allen County, Indiana . . . . . . .. ... .. ce 928 «
Summit M, of Wallen, Allen County, Indiana . . . . . . . . ... 887 «
Hadley Station, Allen County, Indiana . . . . . . e e e e e .. 853 «
Summit N. Y. C. & 8t. L. R. BR., Allen County, Indmna e e e .. 885 «
Wabash-Erie channel mouth of the Aboit, Allen County, Indiana . . 746 “
Bowman’s Sec. 8, Lafayette Township, Allen County, Indiana . . . . 873 «
Summit near Murray, Wells County, Indiana . . . . . e e e 874 «
Summit C. R. & Ft. W. R. R, Adams County, Indiana . . . . . .. 885
8t. Mary’s, Auglaize County,Ohio . . . . . . .. .. ... .. . 894 «
‘Wassakonetta, Auglaize County,Ohio. . . . . . . . . .. .. .. 923 «
Kenton, Hardin County,Ohio . . . . . . . . ... ... .. .. 941 «

THE ABOIT AND EEL RIVER REGION.

This region in the northwestern part of the county occupies the town-
ships of Lake and Eel River, and small portions of Aboit and Perry.
The lower Aboit River flows through a narrow valley which grows deeper
toward the mouth, where it becomes nearly 100 feet in depth. In Lake
and Eel River townships the valley broadens to five or six miles, and is
occupied by marshy prairie, mostly in wide, tortuous channels with
tongues, peninsulas and islands of dry land between. Lakes, living or
extinct, are numerous, the largest being Hulls, or Mud Lake, in section
8, Lake, about 150 acres in extent, and White Lake, section 3 Eel River,
one-fourth as large. The northwest corner of Lake and northwest half
of Eel River lie upon the borders of the Saginaw-Huron inter-lobate mo-
raine, and are quite rolling, the latter being even hilly. The islands and
peninsulas upon the western side of the marsh present very curiously and
distinctly the morainic topograpby of mound and hollow upon a miniature
scale. The boundaries of marsh and dry land are too irregular for de-
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scription and can be delineated only upon a map. This variety and irreg-
ularity render Eel River Township the most picturesque portion of the
county. In sections 13, 14, 23 and 24 the prairie is two miles wide, the
north shore being a bluff of 30 or 40 feet in height, from which the view
southward across the marsh, sprinkled with wooded islands and project-
ing points, is worthy of an artist’s pencil. The northern portion drains
through Willow Creek into Cedar Creek by a channel 20 feet deep and
300 feet wide, the remainder drains into Eel River. The water-shed be-
tween the latter and the Aboit is a scarcely perceptible ridge. It is now
difficult to determine which way the water does flow or ought to flow, and
there is no perceptible reason why Cedar Creek may not once have
emptied into Eel River, or the Aboit. Certainly it is impossible to con-
jecture why its waters should have turned aside from this easy outlet.
The present stream would be utterly powerless to excavate the gorge which
it occupies through the Aboit ridge. That gorge must be as old as the
ridge itself, and must owe its origin to the same conditions and agencies.

GENERAL CONSIDERATIONS.

The peculiar topography of the Wabash-Erie region in Indiana would
be strikingly shown by a section along any line radiating southwesterly or
northwesterly from Paulding, Ohio. Such a line would run nearly level
acroes the Maumee Lake bottom to the Van Wert and Hicksville Ridge,
thence rise 80 or 100 feet in four or five miles to the crest of the St.
Mary’s and St. Joseph moraine, then fall 50 feet in about one mile, then
cross a level interval of from one to ten miles, then show a second gradual .
rise and more abrupt fall, across the Wabash-Aboit moraine, the second
terrace averaging about 60 feet higher than the first. In the southern
portion two more similar terraces lie beyond the Wabash Ridge. A por-
tion of one has been described by Winchell ander the name of the 8t.
John’s Ridge, and is said to extend from the southeast corner of Allen
County, Ohio, southwesterly through Auglaize and Mercer Counties to
Fort Recovery, where the Wabash River passes through it. D. 8. McCas-
lin has described* its continuation through Jay County, Ind., north of
the Salamnine River; also, a ridge known as * Lost Mountain,” in the
southern part of the same county on the north bank of the Mississinewa
River. They are precisely similar in character to -the St. Mary’s and
Wabash Ridges. The levels of the Ft. W., C. & E. R. R. plainly
reveal their presence in Wells, Blackford and Delaware Counties, and
the courses of the Salamonie and Mississinewa indicate that they extend
along those rivers, as the Wabash Ridge does along the Upper Wabash,
pearly to their junction with the axial stream. The corresponding

* Twolfth Report Ind. State Geologist, p. 155,
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northern wings, if such exist, must be crowded together.in northern
Huntington and Wabash and in Whitley Counties, or merged with the
Saginaw-Huron interlobate moraine in Steuben, Dekalb and Noble Coun-
ties. The remarkable accummulation of bowlders in the Wabash-Erie
channel at and above Huntington may indicate the point where that
channel cuts the Salamonie Ridge. The Wabash River probably cuts the
Mississinewa Ridge near LaGros. Without having examined every mile
of the ground, the writer deems the evidence sufficient to justify the
statement of the following conclusions :

1st. The Wabash-Erie channel between the Ohio State line and the
west line of Wabash County cuts through four morainic ridges at regular
intervals of 12 or 15 miles.

2d. In passing the ridges its direction is from east to west; between
them from northeast to southwest.

3d. The principal non-axial streams of the Wabash-Erie region flow
along the euter faces of terminal moraines of the Huron-Erie glacier.

If Chamberlain’s distinction be maintained and the word terminal be
used to designate only that moraine which marks the extreme limit of the
ice sheet, then the Wabash-Erie ridges are peripheral or frontal moraines.
They probably belong to the later stages of the second glacial epoch, dur-
ing which, according to Chamberlain and Salisbury,* there was a succes-
sion of glacial retreats and re-advances; and who can assert with any
confidence that they were not made by the advance of four distinct and
successive glaciers, and are thus terminal in the strictest sense? It seems
more probable, however, that they are moraines of recession and mark
- halting places in the retreat of one and the same ice-lobe. When their
uniformity of mass, strict parallelism and occurrence at regular intervals
are taken into account, the whole arrangement will perhaps prove to be
unique among the glacial phenomena of North America. Their greatest
importance lies in the evidence which they afford of regular periodical
oscillations of climate. The outer edge of the ice-lobe occupied a certain
position long enough. to form a moraine five miles wide and 100 feet high;
it then fell back fifteen miles and occupied another line long enough to
form a similar moraine. These alternating halts and retreats were re-
peated four or five times, the last retreat being 30 miles, and the last
moraine, the Blanchard ridge of Winchell, being smaller and less symmet-
rical.

The general interpretation of the phenomena of the drift in the
Wabash-Erie region is obvious. A portion of the great continental ice
sheet, driven against the hard limestone of northwestern Ohio, emerged
from the Huron-Erie basin and deployed upon the plain to the sonthwest.
It was compelled by a wvis-a-tergo to move up a gentle slope, and like a

*6th Annual Rep. U. 8. @. 8., p. 315,
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mountain stream which has reached the plain, it ceased in great measure
to erode its bed, and, to a corresponding extent, began to deposit its
accumulated materials. The deep and comparatively uniform mass of
drift in northern Indiana bears the relation of a delta to the ice stream.
That deposit took place by simultaneous surface melting, ground melting
and interior decay is a conclusion almost unavoidable. To suppose that
a glacial condition of climate ever actually existed in Indiana is as un-
reasonable as to suppose that it now exists at the foot of the Alps. If
such had been the case the ice mass would have been thickening in this
region instead of thinning, and would have extended far south of the
Ohio River. The moraine material of Western New York, Wisconsin
and other localities has exactly the appearance of having been dumped
from above, and its contours could be easily imitated by depositing upon
a nearly level surface successive loads of sand, gravel and clay, the loads
being extremely variable in size and placed at very irregular intervals.
This would necessitate a great relative thickness of ice and the existence
of much surface debris. In the Wabash-Erie region this tumbled topog-
raphy is nearly wanting, and the uniformity of surface, broken only by
the long, symmetrical slopes and curves of the moraines, indicate that
the ice sheet was comparatively thin, and that its deposit was chiefly sub-
glacial and marginal. The first glacial mass rested upon and passed over
the bed rock, forming the characteristic strise found in so many localities.
In consequence of an ameliorating climate about the sources of the ice-stream
in the northeastern part of the continent, that stream dwindled in size or
disappeared entirely. Upon the recurrence of glacial conditions another
invasion or invasions occurred from the same source. Whether the
glacier which formed the Wabash-Erie moraines was the second or the
twenty-second it may be now impossible to determine. Whatever the
number, each would obliterate, as far as it went, the distinctive traces of
previous glaciers, and each would pass over, push along, heap up and re-
arrange the material left by its predecessors. The outline, directions and
extent of the last one are revealed by the moraines. The southern por-
tion was allowed to expand with considerable freedom, but on the north-
ern side of the trough in Indiana it met some obstruction, probably the
lateral edge of the Saginaw glacier, by which it was crowded back and
heaped .up, and the principal axis of flow was thrown ten to twenty
miles south of the axis of the trough. During the melting of the ice
certain great drainage channels were kept open by the floods of water,
such as the Wabash-Erie channel, the gorge of Cedar Creek, and others
which cut directly through the moraines. At the same time temporary
lakes, extra, intra and inter-morainic were formed, the most considerable
of which, the Maumee Lake, lay at first between the St. Mary’s and St.
Joseph moraine and the retreating edge of the glacier, afterward between
that ridge and the Blanchard moraine. When the ice dam had retreated
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to a position near the present foot of Lake Erie, the Van Wert and
Hicksville ridge may have been, for a short time, the shore of a body of
water which included both Lake Erie and Lake Huron, and stood at &
level about 200 feet higher than those lakes do at present. At that stage
the Maumee River, of course, bad no existence, the principal drainage
gystem being the St. Joseph-Wabash, into which the Maumee-Erie lake
discharged at Ft. Wayne, and to which the present St. Mary’s upper
Wabash, Salamonie and Mississinewa were unimportant tributaries.

PRE-GLACIAL GEOLOGY.

Concerning the rocks which immediately underlie the drift in Allen
County very little is known. In the southern part they are probably
upper silurian of the water-lime or Niagara group, and in the northern
part almost certainly devonian, Huron shale and Corniferous limestone,
but the position of the partings is purely conjectural. The chapter upon
outcrops in Allen County is as short as the famous one upon snakes in
Ireland. Rumors have been afloat of the existence of quarries in several
localities, but upon the spot they have proved to be doubtful or wholly
mythical. In 1860 Richard Owen, then State Geologist, visited a quarry
in the northeast quarter of section 35, Adams, and reported the evidence
a8 being indecisive in regard to the geological horizon of the rock.*

A search of this quarry resulted in the discovery of a *‘ wallow-hole ”
in a pasture, three feet deep and twenty in diameter, where numerous
small fragments of limestone were imbedded in the mud. The owner of
the farm, Mr. A. J. Akey, said he had obtained from it stone enough for
the foundation of his house, also several piles which lay in his yard, and
that it was originally in slabs six feet by ten and eight to twelve inches
thick. The fragments found were crystalline and fossiliferous brown
limestone, with bituminous liguilitic partings. One small fragment shows
a perfectly glaciated surface. Of the fossils, only strophodonia profunda,
spirifera radiata and a gibbous orthis were recognizable. In the upper-
most rock borings from an artesian well in White’s addition, Fort Wayne,
occurred a few fragments of black shale (Huron); it is probable that
Fort Wayne is situated very near the boundary between the silurian and
devonian beds.

Of deep borings in Allen County there are nine (to September 1, 1888),
six being within the limits of the city of Fort Wayne, and three within
a radius of four miles from the city. The first well was sunk for artesian
water in the Court House square in 1875, but without success. The
others have been drilled within the past three years in the search for
natural gas. They all pass through the same strata and show only trifling
variations of thickness and level.

*Ind. Geological Report, 1858-80, p.
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S8ECTION OF ‘“ ARTESIAN WELL” BORING, COURT HOUSE S8QUARE, FORT WAYNE.

Surface of ground . . . . . . . . ... 772 feet above sea level

Drift . . . .. .. ... 88feetto 684 ¢«  « «“

Limestones (Niagara) . . . . . . ... 802 ¢ 118 “ below ¢

Gray shales (Hudson) . . . . .. ... 260 « 3718 « o« “

Black shales (Utiea) . . . . . . . . .. 260 ¢ 638 « o« “

Limestones (Trenton). . . . . . . . . . 1,680 ¢« 2,228 « “ “
Total depth . . . . . . ... ... 3,000 feet.

Sections of several other borings are practically identical with this, and
the extreme variations from it may be accounted for by differences in
level at the surface, which at other wells has not been determined. The
results, so far as gas is concerned, are practically negative, one well, near
the Berghaff brewery, furnishing gas enough to run an engine, the others
none. The citizens of Fort Wayne have expended $20,000 in the effort
to obtain natural gas; they have persevered in spite of discouragements
from the beginning; the territory in the immediate vicinity of the city
has been thoroughly tésted ; further attempts seem hardly justifiable and
probably will not be made. At the same time it is being demonstrated
that a city surrounded by towns with gas can be prosperous and enjoy &
rapid and healthy growth without it.

A boring near the bank of the Maumee River, in White’s addition,
proved to be a genuine artesian well, and furnishes a large quantity of
excellent water, which is at present unutilized.

Partial analysis of the water gives the following results:

Temperature in January . . . . . . . e e e s e h e e e 49° F.
Temperature in August . . . . . . . . . .0 .00 e e .. 53° F.
Total solids in 1 winegallon. . . . . . .. . ... .... « . . 32 grains.
Calciumcarbonate . . . . . . . . . .. ... 20.2 ¢
Calciumsulphate . . . . . . . .. ... ... 00000, 09 «
Magnesium carbonate . . . . . . . ... ... 0.0 856 «
Ferreouscarbomate . . . . . . . . . ... ... ... .. .. L7«
Sodiumchloride . . . . . . . . .. ... L0000 0.7 «
Hydrogen sulphide . . . . . .. .. ... ........ « .. 04cub.in

ECONOMIC GEOLOGY.

Aside from numerous brick and tile works, and the excavation of mould-
ing sand, there are no industries in Allen County dependent upon its
geology, except agriculture. Although the extremes of level differ by
not more than 150 feet, there is a considerable variety of surface, soil and
natural products. The land may be divided into four classes.
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1. Lacustrine Land. Lake bottom without muck. Soil clay, some-
times laminated, with occasional streaks and ridges of sand and gravel.
Drainage difficult.

2. Bottom or Muck Land. Marshy prairies, occupying old drainage
channels and the basins of extinct lakes. Soil black and mucky.

3. Moraine Land. High and rolling. Soil gravelly clay, with mounds
and ridges of sand and gravel. Drainage easy.

4. Inter-Moraine Land. A combination of the other three, chiefly
‘flat and low, resembling No. 1, but embracing large tracts of No. 2, with
occasional areas of very subdued morainic type.

The location and limits of each of these classes have been sufficiently
indicated in the foregoing description. Evidently, to the people of Allen
County the subject of drainage is one of the very first importance, and
perhaps in no other county has drainage been undertaken upon a larger
scale. Numerous ditches intersect every township, and nearly every
natural water-course has been improved for the purpose. The most ex-
tensive work of this kind is involved in the drainage of the large tracts
of marshy prairie which exist in the county. The Eel River ditch, com-
pleted in 1887, is 11 miles long, and drains 3,000 acres in Lake and Eel
River townships.

The drainage of the Little River Prairie, which occupies the Wabash-
Erie channel, in Allen and Huntington counties, is a project which has
been long contemplated ; but the magnitude and difficulty of the under-
taking were such as to defer effectual effort until the year 1881, when a
bill was passed by the Indiana Legislature authorizing the survey of all
large bodies of marsh land in the State.

Under this law a survey of the Little River region was made in 1882,
by -Dr. John L. Campbell, of the United States Geodetic Survey. His
report to the Governor strongly recommended its drainage. In 1883 a
number of interested landholders filed the proper petition, and after the
necessary surveys and legal proceedings, a plan of drainage was finally
adopted in 1886, which provides for a main ditch twenty-six miles long,
with branches, which raise the aggregate to forty miles, the different por-
tions varying in width from four to thirty feet. Outlet is thus furnished
for the water which falls upon more than 200,000 acres of land ; 35,000
acres of marsh will be converted into rich farming lands, and a prolific
source of miasma will be removed, greatly to the improvement of the
sanitary conditions of 50,000 people. The total expense of the under-
taking will be about $170,000, and the amount which it will add to the
wealth of the community is estimated at $320,000. The whole work will
be completed in 1888,
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NATURAL HISTORY AND ARCHZEOLOGY.

The fauna and flora of Allen County have not been studied in the
thorough and systematic manner which their variety and importance de-
serve. The county was originally covered with a dense forest of oak,
walnut, hickory, beech, maple, ash and elm. A few tracts of the primi-
tive woodland still remain, and the rivers are bordered by as fine specimens
of elm, cottonwood and sycamore, as can be found anywhere. Chestnut,
pine and hemlock are entirely wanting. The tamarack flourishes upon
the site of extinct lakes, and some of the bluffs of Cedar Creek are still
covered with white and red cedar, Cupressus thyroides and Juniperus vir-
gintana. The variety of soil offers favorable conditions for the growth of
a great variety of plants. The Little River Prairie alone constitutes a
botanical garden of no mean proportions. Enough has been done to show
that the plant list of Allen County when completed will at least equal
that of any other county in the State.

Of tbe numerous wild animals which once made Ft. Wayne an im-
portant fur-trading post, the largest, including the deer, bear and wolf,
are nearly extinct. Occasionally a hunter’s story of having seen or shot
a deer or a bear in the black swamp, near the Ohio line, gets into the
newspapers. Numerous dams still remain as monuments to the beaver.
The wild turkey and the golden eagle are occasional visitors. Of semi-
fossil remains, a single mammoth tooth, and portions of the skeletons of
five mastodons have been discovered in various parts of the county. The
plants, insects, mollusks, fishes, reptiles and birds offer to the naturalist a
romising and but partially worked field.

The Mound-Builders left but scant traces of their occupancy in Allen
County. Col. R. 8. Robertson, of Ft. Wayne, who is an authority upon
the subject, reports the existence of mounds or earthwork at seven points
along Cedar Creek and the St. Joseph River, but none in the southern
part of the county. The usual implements and ornaments belonging to
the stone age are plentiful in many localities, but the writer is not aware
that anything which throws new light upon the subject has ever been dis-
covered in this region.

SECTION OF WELL BORED BY W. T. ABBOTT AT FORT WAYNE, INDIANA, 1888,

Drift. . & v . o e e e e e e e e e e e e e e 106 feet.
Limestonme. . . . . . . . . . . L i e e e e e e e e e e e e 868
Shale. . . . . & . L L e e e e e e e e e e e e e e e e e 176 «
Blackshale. . . . . . . . . . i i i e e e e e e e e e e e 257 «
Trenton limestone . . . . . ¢« . v ¢ ¢ v 4 v v e et e e e e e 493 ¢
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The well filled with mineral water from the bottom up to about 900
feet.

Report of analysis of mineral water from well of W. T. Abbott, by
Chas. R. Dryer, M. D., analytical chemist.

Specific gravity at 18° C. (66° F.) 1.04 Reaction alkaline.

Parts Grains per
Midlion,

Wine Gallon.

Sodiumchloride. . . . . . ... ... L. 51,250. 2,998.793
Magnesium chloride . . . . . . . . ... .. ... 2,651, 148.825
Magnesium sulphate . . . . . . . ... . ... .. 2,456. 143.283
Calcium sulphate . . . . . . ... ... ... .. . 355. 20.71
Calciumcarbonate . . . . . . . .. ... . ... . 10,240. 597.401
Potassium bromide. . . . . . . . . ... ... .. 93.75 5.469
Ferrousjcarbonate . . . . . . . . ... ... ... 362. 21.119
Silica, alumina and organic matter . . . . . . . . . 750. 43.765
Nitrates and phosphates . . . . . . . . .. e Traces.

Totalsolids . . . . . . . .. .. ... ... 68,057.76  3,974.355
Carbon dioxide . . . . . . ... e e e e 2.31 cub. in. per gal.

Hydrogensulphide . . . . . . . .. .. .. .... 2.3677 «“ «“



PARTIAL REPORT OF SURVEY OF THE WESTERN
DIVISION, INCLUDING SKETCHES OF PU-
LASKI AND WHITE COUNTIES.

BY W. H. THOMPSON.

The work of examining the counties included in the Western Division,
as indicated by the Chief of the Department, has been prosecuted as the
fund at hand permitted. It is not yet finished, and it would be prema-
ture to make at this time anything like an extended report. The dis-
covery of matural gas in the State necessarily changed the plans of the
Department and turned its attention to a search for that valuable deposit,
hence a large area of country which had already been surveyed by
former State Geologists had to be gone over again in order to locate ap-
proximately the surface under which gas discoveries might be expected.
This stopped the work which was going on in and near the Kankakee
Valley and turned the attention of the assistants in the field to an area
further south and east. My own work and observations, therefore, have
been largely directed to the question of natural gas developments, and
consequently much less than I hoped to do has been accomplished in
other directions.

At present the area in Indiana under which the supply of gas is of
paying value, may be said to lie within a well-defined circumference, and
it is not to be expected that any great discoveries remain to be made in
this connection. The State Geologist has refrained from discouraging the
sinking of wells, even where it was not thought that they would be suc-
cessful, for it was desirable that the popular feeling for investigation
should take its course and fully exhaust itself, in view of possible discov-
eries. The result has been the piercing of the stratified rocks in the im-
mediate neighborhood of almost every town in the State. The gas field
has been pretty thoroughly explored, and incidentally we have obtained
a most interesting and instructive view of the strata down to the horizon
of the Trenton limestone. ~Mcantime, however, the work of collecting
facts relative to other features of the State’s geologica] formation has been
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progressing as fast as circumstances would permit Possibly, even prob-
ably, those things which form the smallest part of a report made for
popular reading, information and instruction are those which convey
the gist of what scientists would care most to know, and indeed, outside
of the discovery of natural gas and the tremendoas impulse it has given
to the manufacturing interests of our State, there is nothing of a sensa-
tional nature, in our geological observations, to either scientist or un-
learned citizen. Still the work must prove of great value to the people,
not so much as a record which will immediately chain their attention, but
more as a widely disseminated and authoritative advertisement of the
mighty resources of our great commonwealth.

The chief question of interest to the scientific world, and which will
be reported upon so soon as the survey of the western division shall be
completed, is connected with the great moraine of the northern part of
the State, and with the ancient shore-line of Lake Michigan. Much
work has already been done in the way of preliminary expeditions and
explorations for the purpose of securing an outline of the chief features
and of the general contour of the areas to be studied. This work can
not be included in this report, because it is not yet sufficiently advanced
to render the step advisable or profitable, as a report now would necessi-
tate a reiteration of its facts in the next volume at great expense, and
without any corresponding value to the people. It has, therefore, been
thought advisable to defer an extended report upon the western division
until the work has been measurably completed.

The particular counties, surveys of which will affect the study of the
ancient shore lines of Lake Michigan, the area drained by the Kankakee
River, and the northermost morainic formations in the northwestern part
of the State, are: Jasper, Pulaski, Fulton, Marshall, Starke, St. Joseph,
Elkhart, Laporte, Porter and Lake. Through the region occupied by
these counties the Kankakee River flows in a general direction somewhat
southeasterly, and the stream is bordered by wide marshes and wet prairies,
which makes it quite difficult to survey. It is, however, the most inter-
esting region in the State, and one which offers great returns for intelli-
gent observation and labor. The well known ‘‘swamp lands” of the
Kankakee must some day be drained, and it would appear to be the duty
of the State to have a proper survey made with a view to ascertaining
the most practicable and the cheapest plan for doing this. It would be
much easier and cheaper to make this survey in connection with the geo-
logical examination now progressing than it ever can be hereafter. Ata
comparatively small additional expense the State Geologist could direct
both surveys at once, and at the same time make each a great help to the
other. This would not only outline all the deposits accurately and locate
them distinctly, but it would give levels and indicate lines of drainage of
immense value to all the people in the counties adjacent. It is quite
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plain to one having a knowledge of engineering that a large part, if not
the whole, of the area now lying useless, thousands upon thousands of
acres, might be reclaimed easily and at comparatively small expense, if
the proper lines of drainage were first located. It is not a pleasing com-
mentary upon the enterprise and forethought of our State that in one of
its fairest and, potentially, most fertile areas there lies a vast waste, given
over to the frog, the snipe and the heron, the lily-pads, the water grasses
and the stagnant pools, when energy and the intelligent application of well
known methods would make it almost a garden spot. On the other side of
the Kankakee valley, after leaving the marshes, we find excellent grazing
and farming lands. Indeed, much of the swamp land is used for
meadow and for stock grazing in the dry seasons. In many places the
lowering of the water level a foot or two would reclaim many hundreds of
acres, making most excellent pasture lands.

Contrary to what might be expected of a region so marshy and inter-
spersed with stagnant ponds and lagoons, the whole Kankakee region is a
healthful one. There is less malaria in the midst of this vast swampy
waste than thereis in some of the most thickly settled parts of the State.
This favorable condition may be due to the iron in the water and to the
strong and almost constant wind currents which in summer and autumn
sweep over the region from the lakes on the north and from the high
prairies on the west. Be this as it may, the Kankakee River has long
been a summer resort for those seeking health and out-door recreation.
Excellent boating, fishing and shooting add charm to the solitude and
salubriousness of the region. The river itself, though not a large one, is
beautiful, winding through its marshes, its groves and its giant grasses
and among its wooded islands. Here and there it spreads its channel and
becomes a lovely, lily-fringed lake. Its bed is in the blue bowlder clay
from its source to near Momence, where the stratified rocks appear at the
surface forming a great dam across the course of the stream. North of
the river [ have not found, as yet, any outcropping of paleozoic strata.
Many deposits of bog iron ore and a few chalky formations are the only
mineral features promising commercial value. I think it quite probable
that there may be discovered large quantities of clay of a quality suited
to coarse pottery manufacture.

It will be a very tedious process by which the work of the survey must
be done in all this region. Much of the surface is almost impassible save
in the dryest season, and even then its nature is such that the progress of
examination is necessarily very slow. The whole area is rich in botanical
interest, and the final report upon it will, it is hoped, have its value as a
contribution to the study of our middle western flora. So far the notes
of the region point to some exceedingly curious and interesting discoveries
touching the migration and the nesting habits of aquatic and semi-aquatic
birds, a subject at present engaging the attention of scientists everywhere,
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But, to my mind, the chief value of the survey to the people of the area
to be examined will be its bearing upon the question of the drainage and
reclamation of the wet lands. Certainly this is a matter of largest im-
portance to a great number of our citizens, and it should be a subject of
earnest consideration in the minds of our legislators. If, in connection
with the survey there could be a set of levels taken by which the valley
of the river and the contour of its surface could be outlined, we should
have the best possible basis (at the least possible cost) for any future drain-
ing operations. A line drawn through Laporte, Valparaiso and Crown
Point would roughly indicate the northern limit of the Kankakee valley,
while on the south the boundary line lies irregularly from six to twenty
miles distant from the stream. This may be justly named the youngest val-
ley in the State, as its formation is wholly post-glacial. It may, however,
simply mark the approximate line of a very ancient stream. As I have
said, its entire depression is in the drift matter, the bottom of the river
channel being often from one to three hundred feet above the surface of
the stratified rock. The wells bored in the region indicate that during
the glacial period a lobe of the great glacier followed the course of the
northern side of a ridge (or upheaval which had occurred at about the
close of the Niagara period), and left upon its withdrawal a deep irregu-
lar deposit of till or bowlder clay filling the ancient channel. On
either side of the river, at unequal distances, the stratified rocks when
reached in wells show the effect of erosive agencies having a tremendous
power. Moreover, the sudden alternations of geological horizons indicate
that superior strata have been non-conformably deposited upon the Niagara
rock, which is greatly disturbed and displaced by faults, conical uplifts and
short, steep monoclines.

As the State Geologist himself has observed in another paper, the wells
bored near Francisville plainly show these conditions and what is true of
that special area is more or less true of a very large region so far as we
have data on the subject. It would appear probable, that when all the
facts shall have been collected and digested we shall find that the Niagara
upheaval across Indiana is part of a great continental lift which has
served to divide the two great coal basins, (that of Michigan and that of
Indiana) from each other, and that on either side of it the strata superior
to the Niagara will be found to rest nonconformably against the inclines
of that broad gentle upheaval. This of course is speaking generally; the
details, if traceable, would show every shade of departure from the strict
general rule. The apex of the great divide has been ground off by
glacial action and many curious outlines have been left, notably the sand-
stone deposit near Rensselaer, which has every appearance of having
been transported bodily to its present situation by some agency of incalcu-
lable force and of a peculiar nature. Evidently this sandstone is not in
place; all its surroundings clearly show this. It lies on the highest part
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of the regidn in which it is found, it is true, and has under it an older
formation, but the rock immediately below it is not the proper geological
substratum of this sandstone, it appears; it is the corniferous limestone of
the Devonian age, and is cut and channeled by the glaciers. Professor
Collett reports the surface of this sandstone as showing the striz and plan-
ing action of ice. This could be and would be true even if the whole had
been transported to its present site by glacial action. The frequent with-
drawals and returns of the ice during the glacial period had the effect of
80 many glaciers. Atanother place I have described this very interesting
and curious feature. Quite different from this are the deposits of De-
vonian black shale and Corniferous limestone found in the lower areas of
this region with cones and ridges of the Niagara rock lifted up between.
A little farther south than the limit proper of the Kankakee Valley the
subcarboniferous rocks are found here and there laid down conformably
on the Devonian black shale.

One of the marked features of the whole northeastern area of the State
is the varied and picturesque deposit of sand. This is a fine silicious
body, of a pale buff color, which in the vicinity of the shores of Lake
Michigan takes on the form of shifting cones and ridges. The ancient
shore line, or rather lines, each of which probably marks a former limit
of the lake’s waters, have not yet been traced and outlined sufficiently to
be reported here; but evidence is in hand which will probably show that
that there has been from two to four, and possibly five, distinct, well-
marked recessions of the water since Lake Michigan took substantially its
present form. The examinations have not been full enough to justify an
opinion, even of a provisional sort, as to whether these retrogressive
movements have been sudden and cataclysmic, so to speak, or wWhether
they have been slow and gradual. The general shape of the lake appears
to have been much the same at its southern extremity during all the
vicissitudes of its past history, as the ancient shore lines are practically
parallel with the present one.

Coming to speak more particularly of the immediate channel of the
Kankakee River, the first thing to be noted is the frequency of the changes
which have taken place in its course and locus at various places. The fall
is slight throughout the river’s length in Indiana, and the sluggish current
has frequently filled its channel with silt and sought a new course by
washing out another, and often by a more roundabout way. Some of
these old channels are still observable in the marshes, where they ap-
pear as long, shallow, stagnant lagoons filled with aquatic plants, the
haunts of large wild fowl and various species of the smaller game birds.
The present course of the stream is very crooked, in places almost doubling
on itself, and to this fact may be referred, in a large degree, the wide
overflows which occur in certain localities during the spring and autumn
freshets. The water of the river, especially when low, is perceptibly af-
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fected by the presence of salts of iron, the oxide of which colors it a pale
ochreous yellow. Most of this iron is from springs and slough-streams
that rise through ferruginous deposits.

The immediate banks are usually very low and covered with a dense
growth of plants of various kinds, chiefly trees, weeds and grasses, but,
as might be expected the soil is wostly a light sandy alluvium with a
large per cent. of vegetable matter. This soil, when drained, would at
first be too porous, but it would gradually become more and more com-
pact and fertile as the process of oxidation and chemical change went on,
a process which could be materially assisted by the addition of lime. I
do not hesitate to say that a large part of what is now the most worthless
part of these Kankakee marshes would become, under a properly directed
system of drainage, one of the richest areas in Indiana. - Every element
of fertility is present in exhaustless supply, and nothing save the super-
abundance of water keeps it in its present state of desert and uninhabited
wildness. By straightening the course of the river and constructing a
few ample cross drains the whole valley would be turned into a rich and
desirable farming region. As to the cost of such a work, I have no basis
for an accurate estimate, but a long experience in engineering teaches me
that it would be far below the value of the benefits that would accrue to
the lands. Indeed, there is not now anywhere in the country an enter-
prise which would bring a better return for intelligent management and
judicious expenditure of labor and money. It is a work that must and
will be done, and the sooner the better for the reputation as well as for
the happiness and general welfare of the people.

It is preposterous to suppose that in the heart of Indiana an area of
rich and valuable lands almost as large as the State of New Jersey is to
be left much longer in an utterly waste and desolate condition when a
little enterprise would make it one of the fairest parts of the State. Even
should the undertaking finally cost more than the actual enhancement of
the value of the real estate, it would be commendable for the State to re-
move the stigma attaching to her reputation on account of such a blot
upon the face of her domain.

The botany and zoélogy of the Kankakee region will prove of great in- -
terest when it shall have been fully studied and arranged. A great mass
of notes has been collected already; enough to show how rich will be the
returns for labor expended in this direction, and of what value to science
and general education the careful study of even limited areas of undis-
turbed nature may be made by placing the results in a form readily ac-
cessible to all who may be interested.
At various points in the Kankakee region persons have reported the

discovery of coal, but there is no coal. The black shale of the Devonian
formation is often quite bituminous, and will then burn with a clear flame
not unlike that of cannel coal. Fragments of this rich black shale haye
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been found in the drift, hence the mistake. Coal can not be found here.
The beds of iron ore are of excellent quality, being massive deposits of
gray-brown bog concretions. The time may come when these will be of
immense value.

The following pages contain a general sketch of the geology of White
and Pulaski Counties and a few notes on the Tippecanoe River, but by far
the greater part of the field notes made in this region have been retained
for a future report or have been used by the State Geologist in other
papers contained in this volume. It will require at least two more years
to get together all the facts for a full report of the Kankakee and the
region which should be drained by it.

WHITE COUNTY.

This is one of the new counties of Indiana which, by virtue of its fertile
soil, excellent location, and the energy and intelligence of its inhabitants,
is being rapidly developed into one of the most prosperous divisions of the
State. It is bounded on the north by Jasper and Pulaski counties, on the
east by Cass and Carroll, and on the south by Carroll and Tippecanoe,
and on the west by Jasper and Benton counties. The general surface of
the ground is very level, and though drained by a large number of streams
the soil is too wet for successful cultivation without a large amount of ar-
tificial drainage. The basis for a thorough system of drainage is supplied
in the large number of natural streams by which the surface of the county
is channeled in almost every direction. Chief of these streams is the
Tippecanoe River, which enters the county from the north, flows in a
southwesterly direction for eight miles to the south life of Liberty town-
ship, thence a little east of south to the town of Monticello, and thence
almost due south along the eastern line of the county to the north line of
Tippecanoe County.

This river has carved for itself through the county a wide and deep
valley, and into it all the other streams of the county empty themselves.

The Big Monon Creek enters the county from the north at a point six
miles west of the Tippecanoe River, and flowing thence south for four
miles to its confluence with the Little Monon Creek, then runs to the
southeast and in a course of two miles falls into the Tippecanoe.

The Little Monon Creek, above referred to, rises in Benton County and
flows for fifteen miles in a generally northeasterly direction through White
County to the town of Monon, whence it runs east and then southeast to
its junction with the Big Monon Creek.

Honey Creek rises in West Point Township, within a mile of the Little
Monon, and flowing thence northeast for three miles almost parallel with
the Little Monon, turns due east and runs into the Tippecanve River three
miles below the mouth of the Big Monon,

10—Grorooy,
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Big Creek rises near the west line of the county, only a short distance
south of the head waters of the Little Monon, flows east through West
Point Township, and two miles into Big Creek Township, thence by a
long, sweeping curve through a course north, northeast, southeast and
south, it empties into the Tippecanoe River.

Indian Creek runs west along the north line of the county to its junction

with the Tippecanoe, and other streams flowing from the east empty into
the river above the Norway Mills.
" In the south several streams carry the surface water from Prairie Town-
ship into the river. Few counties in the State are so well supplied with
flowing water, and few level and humid sections of the country are so well
furnished with natural drains.

These streams dre generally bedded in the drift deposit which covers
the whole of White County, though in the northwestern part of the county
the Little Monon Creek, and some others of the small streams run over a
floor of the Niagara limestone, and at a few points, from Flowerville south,
the Tippecanoe River cuts through the drift and exposes the Devonian
shale. All these streams lie sufficiently below the general surface of the
surrounding country to give abundant fall to such lateral ditches as shall
be constructed in any proper system of drainage, and capital and energy
only are required to render the lands of this county fruitful to a degree
scarcely to be measured.

HISTORY.

This county formed a part of the ancient domain of the Pottawattomie
Indians, though the Miamis claimed the land by right of temporary
occupancy. The former nation was, however, in possession when the
whites began to explore the country, and it was with the Pottawatomies
that the General Government treated, when on the 2d day of October
1818 that tribe ceded to the United States all that tract of country situ-
ated within the bounds following: ¢‘Beginning at the mouth of the
Tippecanoe River and running up the same to a point twenty-five miles
in a direct line from the Wabash River, thence on a line as nearly parallel
to the general course of the Wabash River as practicable to a point on the
Vermillion River twenty-five miles from the Wabash River, thence down
the Vermillion River to its mouth, and thence up the Wabash River to
the place of beginning.” This included the greater part of what is now
White County. The remainder of the territory now contained within the
limits of the county was added by the terms of a second treaty executed
on the 16th day of October 1826. By that treaty the Pottawatomies
ceded the lands bounded as follows:

‘ Beginning on the Tippecanoe River where the northern boundary of
the tract ceded by the Pottawatomies to the United States at the treaty
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of St. Mary’s in the year 1818 intersects the same, thence in a direct line
to a point on Eel River half way between the mouth of said river and
Parish’s Village, thence up Eel River to Seek’s Village (now in Whitley
County) near the head thereof, thence in a direct line to the mouth of a
creek emptying into the St. Joseph’s of the Miami (Maumee) near Metea’s
Village, thence up the St. Joseplr's to the boundary line between the Ohio
and Indiana, thence south to the Miami (Maumee), thence up the same
to the reservation at Fort Wayne, thence with the lines of the said reser-
vation to the boundary established by the treaty with the Miamis in 1818,
thence with the said line to the Wabash River, thence with the same
river to the mouth of the Tippecanoe River, and thence with the Tippe-
canoe River to the place of beginning.”

It was several years after these treaties before the Indians were removed
to the Indian Territory, and the lands of the county were not opened for
entry until in November 1829, and many sections were not opened for
entry until 1839.

No sooner were the entry books apened than the pioneers began flock-
ing in, and as early as 1833 the Legislature was asked to have a new
county located and organized, and on February 1st 1834 the act constitut-
ing and defining the limits of White County was approved. The name
assumed was in honor of Major Isaac White who was killed in the battle
of Tippecanoe. The large section of country now comprising the counties
of Jasper, Newton, and portions of Benton and Pulaski, by legislative
enactment remained attached to White County and it was only by the
constitution of Benton County in 1840 that the County of White was cir-
cumscribed by its present boundaries.

Like most of the northern counties of Indiana its march toward set-
tlement, cultivation and prosperity has been very rapid. In September,
1834, the county seat was established by three commissioners, John Kil-
gore, John B. King and James H. Stewart, on the west bank of the Tip-
pecanoe River, and named the place Monticello, as they declared ‘ after
the home of the great disciple of human liberty, Thomas Jefferson.”

The lands of the county are generally level, but greatly diversified in
appearance, portions being prairie, other portions oak-openings, while
some tracts are heavily timbered. The soil is mostly a heavy black muck
or mold, requiring drainage to render it fit for cultivation, though across
the north side of the county may be seen in many places those singular
ridges of fine yellow sand, which in ever increasing size and number dot
the prairie northward to Lake Michigan. These ridges of sand are gen-
erally thickly covered with a forest of small oaks, and greatly enhance
the beauty of the landscape when summer has cloaked them with her
heavy green mantle.

A difference of opinion exists as to the origin of these sand hills, but
the better argument is in favor of the transporting agency of the winds.
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It seems probable from the surface evidence that Lake Michigan once ex-
tended very much farther in a southeasterly direction than it now does,
but whether this be true or not, the fine lake sand which forms these long
parallel ridges evidently owes its separation from the bowlder drift to the
restless waves of that great lake. The process of expulsion from the
lake may be seen now constantly going on at Michigan City. The pre-
vailing winds from the northwest roll the sand-bearing waves ashore; the
sand is deposited as the wave halts and recedes, and the wind, catching
the fine grains of sand, whisks them up and over the shore hills and
away across the level lands of the interior. In time of a strong and
equal blowing wind a delicate veil of sand may be seen floating like a
gauze streamer from the top of any exposed sand hill on the southeast
shore of the lake.

It is true that the lake sands are not now rolled so far inland as we find
the ancient depogits, but it should be remembered that the conditions are
now different. For ages after the deposit of the cold bowlder drift and
the retreat of the great ice cap there was neither vegetation nor other ob-
struction to the free rush of the winds. And how they must have played
over this great floor! The shallow waters of the lake extending far into
the interior of Indiana were stirred to the bottom. The fine sand was
lifted like dust and tumbled into ridges. Shore line after shore line marks
the recession of the water, and between these shore lines the sand dunes
lie where the waves of the wind have heaped them. Below these sands
the glacial drift overlies the rock throughout the whole of White Cpunty in
varying depth, from a mere film at Monon to a depth of nearly three hun-
dred feet in the northeastern portions of the county. The power of the ice
during the glacial period to plane down the inequalities of the earth’s sur-
face, no matter how refractory might be the material obstructing its flow,
is well exemplified by a late exposure of the Niagara rocks near the town
of Monon. At a point about a half mile southeast of the town the In-
dianapolis division of the Monon Railway (the Air Line) crosses the Lit
tle Monon Creek on & low trestle, and in approaching the creek from the
south side ditches have been cut almost down to the surface of the rock.
Late floods of rain have washed out these ditches near the mouth to such
an extent that a floor of the limestone has been laid baré thirty feet in
length by ten feet wide. This floor is planed smooth as glass save for the
strise marking the surface from north to south, indicating the direction of
the ice flow.

How much of the top of the broad cap of Niagara limestone which
rises almost to the surface of the ground in the western part of this county
has been planed off, ground to powder and mixed with the bowlder
drift can not be known, but the resistless force of the moving ice cap is
perfectly attested.
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So great is the mass of bowlder drift in the northeastern portions of the
county that but little can be learned as to the character and condition of
the surface rocks. The few bores that have reached the stratified rocks in
that section have found the Devonian shale, and as the same rocks were
found at Monticello and outcrop both above and below that place in the
bed of the Tippecanoe River. there is little doubt that rocks of the Devon-
ian period underlie the glacial drift over nearly the whole of the northeast-
ern’ half of the county. Across the southwestern angle of the county
the stratified rocks below those of the Devonian period have been
upheaved. By this upheaval the Niagara rocks, which at that time were
the surface rocks, were wonderfully shattered and the fragments tilted in
many different directions. The crown of the upheaval in this section lies
in the vicinity of the town of Monon, extending from a point one mile
south of the railway crossing to a point two miles north of Francisville, in
Pulaski County, and thence in an irregular line to the west to a point
northwest of the town of Rensselaer, in Jasper County. The summit of
this crown was pierced by the old well on the * Blair farm,” and there the
limestone was overlaid with only a shallow cloak of drift, a half dozen
feet in thickness. Indeed, at several points on this farm the Niagara
limestone appears above the soil.

After the upheaval of the older strata of the sedimentary rocks the va-
rious strata of the Devonian rocks were deposited, and wherever found in
-place the lowest stratum of the later period may be found so embedded
upon and against the up-tilted and broken rocks of the older deposit as to
furnish indubitable proof of the ancient disturbance of the lower stratifi-
cations.

The advance of the great glacial plane found this elevation of the lower
rocks an obstruction in its path, and with a power irresistible, and indeed
unimaginable, shoved off the crown of the arch, paying as little heed to
the refractory Jimestone as to the friable shale. The exposed limestone
in the bed and banks of the Little Monon Creek at the crossing of the
Louisville, New Albany & Chicago Railway, a quarter of a mile south of
the town of Monon, and which extends down the course of the creek for
a mile to the east, is massive in formation, of excellent quality for the
lime-burner’s use, and is easily quarried, as the thin overlying drift is but
little hindrance to immediate blasting.

For many years this stone has been burned into lime at the railway
crossing, and an excellent lime has been produced,-of much the same
character as the well known Delphi lime. This rock is unusually full of
fossils, and holding so much oil as to greatly aid in the process of burning.
The rock is quarried in the bed of the stream and is freed by the bar
without blasting, coming away in flakes and triangular blocks, the crevices
filled with a heavy oil by which the rock is much discolored. Little at-
tempt has been made to utilize this limestone for building purposes, and
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not much can be said in its favor in that behalf. For foundations, cul-
verts, and for abutments for bridges and backing for range masonry it
could be safely and effectively used, but it is not to be recommended for
walls requiring faced stone. Indeed the difficulty of properly dressing
the stone to uniform thickness, coupled with the shattered condition of -
the upper strata, render it unavailable for good range work. It would
be interesting to know just what the surface conditions of the earth at this
point were at the time of the great north and south ice flow, which crawled
across this region pushing its mighty plane before it, and by virtue of its
enormous weight shearing away the obdurate limestone with the same
ease with which it leveled the domes of sand.

It is not possible- for us to now determine just how much of the upper
Silurian rocks has been thus removed, nor can we say with any approach
to certainty to what depth the rocks of the Devonian period were origin-
ally deposited at this point. The evidence now obtainable points to a
solution more curious than valuable, and one which may be greatly mod-
ified by a careful examination of the regions lying farther north. It ap-
pears that at the end of the period in which the Niagara rocks were de-
posited there was, in this region, an upheaval which lifted the then surface
rocks to a point somewhat higher than at present found, the crown of the
arch along the axis of upheaval passing through White County from
northwest to southeast, the highest point being near the present town of
Monon. ,

The Devonian seas, deeper to the southwest and to the northeast, scarcely
over-topped this ridge of Silurian rock, and the sedimentary deposit of the
Devonian age but lightly covered the Niagara rocks. Whether the seas
of the carboniferous period reached so far north and east, or rose tp such
a height as to cover this ridge with any deposit of even the lowest sub-
carboniferous stratum, can not now be more than guessed at, for if any
such evidence ever existed the ice flow has removed every vestige of it,
gparing only occasional patches of the Devonian rocks, and at certain
places cutting away many square miles of the upper Silurian rocks. Along
the banks of the Little Monon, wherever the surface rocks are exposed,
the action of the ice may be observed. At the crossing of the Air Line
Railway over the stream, a half mile southeast of the junction of that
railway with the Louisville, New Aloany & Chicago -Railway, the action
of the surface water discharged by the railway ditches has denuded the
rock for a distance of thirty feet, exhibiting the planished and striated
surface precisely as it appeared when the ice retired from it. The sirie,
beautifully and clearly drawn in unbroken parallels across the whole of
the exposed table, bear witness to the persistence as well as power of the
leveling force. An iceberg afloat could not by mere impact, however
great its weight or powerful the winds or waves by which it was moved,
cut away great crowns of obdurate rock, nor groove the wide table with
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the long parallels of strice as they here appear. Nothing but the advance
of the continental ice field could have effected such a work. Moving
down with all the resistless force of a growing rock, the enormous ice cap
was no more retarded by the most compact limestone than by the softest
shale, and taking off’ the crown of this Silurian uplift, left the superficially
lower lying Devonian to the north still in place.

A few miles west of Monon, but in the County of Jasper, the curious
feature appears of an out-crop of the massive conglomerate sandstone ot
the carboniferous age. At what is known as Pierce’s quarry, now operated
by Mr. James F. Watson, of Rensselaer, this sandstone covers with a
cap several feet in thickness a slight swell in the prairie of perhaps thirty
acres in extent This stone is not found otherwhere in this region, and
appears to be lying far below its true horizon. 8o little reason is there
for its anomalous situation that I carefully examined the field to see if I
could discover any evidence of its having been transported in a body by
the ice from the north. No such evidence was presented, except, per-
haps, the peculiar position of the strata, and this may be as well ac-
counted for in other ways. '

. This sandstone cap seems to be in place, and doubtless is, and the geolo-
gist must needs account for its present position by supposing that at one
time the ancient carboniferous seas extended at least an arm as far north
and east as this locality, and here deposited upon a continental or island
shore line the massive conglomerate sandstone where it is now found.
Many theories might be advanced, each with some show of support, to
explain the manner in which this isolated remnant of the ancient deposits
was excepted from the wholesale erosion which removed all other traces
of the carboniferous rocks, but it is enough to say that from some cause
the sullen wrath of the boreal invader spared this little hill-cap as a mon-
ument to inform us of the utmost reach of these carboniferous seas.

A careful examination of the quarry revealed a complicated structure
of this hill-cap. 'The opening of the quarry was originally begun near the
southern edge of the deposit as it yet exists, and the advancement of the
work of removing the stone has been in a direction almost due north for
several hundred feet This has enabled us to trace the dip of the strata
through all that distance. For nearly the whole distance the dip of the
strata is heavily to the southwest. However, at the northernmost point now
reached, and which is also the highest point of the deposit, the dip ceases
and the strata lie horizontally. The rock is greatly broken up, the crev-
ices extending perpendicularly through all the strata yet exposed, and
dividing the stone into cubes, parallelograms, and triangular blocks of
such shape and size as to be quarried with much less labor than would
otherwise be required.
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The quality of this stone is excellent, as may easily be proved by many
examples in the neighborhood. The foundations of some of the largest
public buildings in Rensselaer came from this quarry, and no stone could
better serve that purpose.

The grain of the stone is even and fine, and the clean white color indi-
cates the almost total absence of the iron which is so generally found dis-
coloring the sandstones of the carboniferous age. A slight cloak of drift
averaging about four feet in thickness overlies this rock, and in this drift
large fragments of the sandstone lie embedded. As this drift is mostly
composed of sand and gravel below the surface soil, it would seem to in-
dicate that the action of water must have produced the intermingling of
such surface blocks of the stone as had from any cause been broken up,
with the glacial deposits in which they now lie embedded.

To what depth this stone extends is not known, as the quarrymen have
yet penetrated only to the depth of eigat feet, but from the fact that the
limestone is reached on every side within a quarter of a mile, at a depth
of only four or five feet, it would seem to be certain that the greatest
depth of this sandstone cannot exceed twenty feet, and the probable depth
is not nearly so great as that. Indeed it is quite possible that the entire
deposit is a mass transported here bodily by the ice.

ARCHZEOLOGY.

The mound-builders, who left their traces in almost every couanty in
Indiana, have given us proofs of their presence at many points in White
County. In the vicinity of West Bedford, in Monon Township, there
are a number of mounds. They are generally small, and appear to have
been either sacrificial or memorial, rather than fortifications or places of
refuge. Some of these mounds have been opened, and skeletons, stone
hitchets and arrow and spear heads have rewarded the explorers. These
mounds are generally circular in form, of a diameter ranging from twenty-
five to seventy-five feet, and from two feet to ten fest in height. Large
trees, varying in diameter from two to four feet grow upon some of the
mounds testifying to their antiquity; and whether the builders were the
ancestors of the red Indians of later times, or of a different race and
lineage, no question can exist that these tumuli were reared at a very
remote period of time.

NATURAL HISTORY.

The natural history notes of this county will be found in another paper,
and when the ground shall have been fully worked over the report can
not fail to have a deep scientific interest. The whole of the Kankakee
and Tippecanoe regions will be found surprisingly rich in material both
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botanical and zodlogical. The ridge or water-shed between the two
streams appears to be a meeting place for. contending floras, and the
waters and wet lands are infested during the spring and autumn migra-
tions with a great variety of alien birds. The fishes and reptiles of the
Kankakee and its tributaries have yet to be properly studied and reported.
They promise to yield a most interesting return. The means at my com-
mand forbade any extensive examinations, and besides my duties for the
time lay in the field of geological exploration with natural gas for the ob-
jective point, consequently but small attention has as yet been given to
the fauna of these waters.

PULASKI COUNTY.

Although the act creating the County of Pulaski was approved Febru-
ary 7, 1835, its organization as a county was only effected by force of the
act of February 18, 1839. It is thus shown to be one of the newest
counties in the State. Despite many natural disadvantages, which are,
however, of a temporary character only, this young county is rapidly de-
veloping into a rich, healthful and prosperous division of the State, the
home of a contented and intelligent people, who are well aware of the
agricultural possibilities hidden in their heavy humid prairie soil and re-
quiring only the ditcher’s hand to create fields second to none in fertility.
While other older and dryer sections of the State have made wonderful
advances in wealth and population, no fair comparison can be drawn be-
tween such sections and the heavier level and wet lands of the north-
western portion of the State; and though Pulaski County is yet behind
many counties in both public and private improvements, few counties, if
any, may justly claim a more rapid and solid progress in material wealth.
For it must not be overlooked in any fair comparison that nature, though
lavishly endowing her with a fertile and enduring soil, did much to bar
her early march to settlement. The county is a great plain, largely
prairie, and though traversed by the Tippecanoe River and the Monon
Creek from north to south, the one crossing the county through the eastern
tier of townships and the other through the western tier, yet the fall of
the surface of the ground toward those streams is so slight, and the sur-
face conditions are such that a vast expenditure of money in drainage has
been required to render tillage possible. ’

The great advantages held by other sections of the State over this re-
gion in the start of the great race to settlement and civilization may be
understood when it is recorded that in the year 1839, only forty-nine years
ago, in this whole county, containing four hundred and thirty-two square
miles, but thirty-four legal voters could be found.

Yet such has been the change wrought by the energy and intelligence
of the settlers that in the year 1888 no less than three thousand votes will
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be polled at the presidential election. The advance in wealth, education
and intelligence has kept pace with the increase of population, and hav-
ing now barely reached that stage of development when it becomes possi-
ble to add the beauties of culture and ornament to the great framework
of material prosperity; with a soil of great fertility, an industrious and
contented population, and with a position and climate equal to any in the
State, it requires no gift of prescience to foretell the steady progress of
Pulaski County. The general surface of the ground in this county is quite
flat, a plain slightly inclined to the south, with excellent lateral drainage
for the eastern half of the county into the Tippecanoe River, and for the
western half into the Monon Creek. Like most of the level, wet re-
gions of the State, this county lies very high, the surface water shedding
from its borders in almost every direction.

North of the county, within ten miles, the Kankakee River runs west- °
ward to the Illinois line, and several small streams and ditches flow from
the north line of the county into English Lake and the lower Kankakee.

The Tippecanoe and Monon flow south through the county as before
stated, and close to the west line of the county rises the Pictaminck River,
which flows west into the Iroquois.

It is with great difficulty that the position and nature of the stratified
rocks underlying the drift in this county can be determined.

There have been few deep bores made, and these tell an inconsistent
and unsatisfactory story.

Enough is revealed, however, to show that the drift, which is more than
two hundred feet deep along the eastern line of the county, thins out as
we go west until the Niagara rocks are barely concealed at Monon, in
White County, three miles south of the Pulaski County line, and on a
line thence north to Francisville, in Pulaski County. Indeed, at Monon
the shallow creek flows upon a floor of Niagara limestone, and the banks
are of the same material. In the report of the survey of White County
contained in this volume will be found a fuller account of the peculiar
and interesting exposure of the Upper Silurian rocks at that place and the
lesson to be drawn therefrom. The same Niagara limestone was found at
Francesville at a depth of about a dozen feet immediately underlying the
shallow cloak of drift. There can be little doubt but that the Silurian
rocks have been upheaved along the line dividing Pulaski from Jasper
County, but the extent of the upheaval and the direction of greatest
energy can not yet be ascertained.

At the town of Winamac, situated fourteen miles in a northeasterly
direction from Francisville, the bore made for the citizens’ gas well dis-
covered the Devonian shale below one hundred and - feet of bowlder
drift, and the Devonian rocks were pierced to a depth of —— feet before
the Niagara limestone was reached. Whether there is a gradual rise of
the Silurian rocks from Winamac to Francisville, or whether the up-
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heaval is more pronounced and confined to narrower limits along the
western border of the county, can not yet be certainly known.

The Niagara rock is everywhere out-cropping, or barely concealed hy
the drift from a point in White Post Township, three miles north of
Francisville, to a point three miles south of Monon in White County, and
from a point two miles east of Francisville to Renssalaer in Jasper County
on the west. The crown of the arch appears to be in a line running north-
west and southeast through Monon, passing two miles west of Francis-
ville toward the head-waters of the Pinkaminck River.

In this area all the strata of the sedimentary rocks are upheaved, at
least all below, and including the Niagara limestone. Thin patches of
Devonian limestone, and possibly small areas of Devonian slate may be
found within the bounds given, and if so, these will be found in place, as
they were deposited after the upheaval of the older strata. In Salem
Township, two and one-half miles south-west of Francisville, a well was
bored in 1867 to a depth of nine hundred and sixty (960) feet on what i
known as the ‘ Blair farm,” which proved to be of the most interesting
character. At a depth of nine feet the Niagara limestone was reached,
and after passing through this to a depth of probably six-hundred and
twenty feet, (though the neighborhood report says five hundred feet)
a stratum of gas-bearing rock was found, and a strong flow of gas at once
began. The boring was persisted in until the water was struck in the
Trenton limestone and the bore was flooded, the water rising to a point
far above the gas-bearing rock. The force of the gas lifted the water to
the surface and a ﬂowing well was the result. The outflow of water and
gas was continuous for nine years, since which time it has been intermit-
tent. The water is clear and not unpleasant to the taste though strongly
sulphuretted. It has a neighborhood reputation of being very wholesome
and having valuable medical properties. . Doubtless its offensive smell
has much to do with its supposed medical value. The gas flowing from
this well was at once utilized by the farmer near whose residence the bore
was made, in cooking feed for his stock and in lighting & large lamp,
which was kept burning day and night, the gas being conveyed to the
lamp by an iron pipe. The big, bright flame served as a well known
beacon for the neighbors in crossing the prairie for many-years.

This well was never cased, and of course a process of drowning has
been going on for twenty years, and the water has so far destroyed the
outflow of gas that the artesian character of the well has ceased, and only
a bubbling of the surface water betrays the presence of the escaping gas.
Since the discovery of natural gas in Ohio and northeastern Indiana at-
tention has been drawn to this old find of gas, and Mr. Bucklin, of Chi-
cago, has purchased the old *‘Blair farm,” and is thoroughly testing the
field. The first bore was made at a point within three hundred feet of
the old well, and after going through six feet of drift and six hundred
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and twenty feet of rock a strong flow of gas was found, and the boring
was not further persisted in. The pressure of the gas at once reached
two hundred and fifty pounds to the square inch, and this pressure has
since been steadily maintained. The quality is excellent, a light, clear
and almost odorless gas, burning with a fine, clear flame with very little
smoke, while the heating qualities are good, as well attested in the furn-
aces of the engine which is being used to drill the wells now being bored.
With no lack of means at his command, and with enterprise and liber-
ality equal to any occasion, it is safe te say that Mr. Bucklin will fully
develop this new gas field, and determine the question as to whether the
reservoir is & local and limited one, or whether, contrary to all previous
discovery in this State, an enduring supply of natural gas shall be secured
stored in the strata above the Trenton rocks. Many questions of great
interest to the geologist will call for investigation and settlement if this
flow of gas shall prove to be permanent, &8 it now promises to be.

It will be interesting to discover whether the stratum of porous lime-
stone here found at the base of the Niagara deposit is the original store-
house of the gas, or whether the Trenton limestone, rent and fissured by
an old upheaval has yielded its garnered gas to the higher stratum. It
may yet be found that the supply of gas stored in this stratum of rock is
limited, and will fail after a short use, and in favor of this theory it may
be said that the deep bores at Francisville, reaching and deeply penetrat-
ing the Trenton rock, found no gas; that one of the wells drilled by Mr.
Bucklin on the *‘ Blair farm ” only about five hundred (500) feet north of
the well ‘‘ number one,” which yields a good flow of gas, was drilled into
the Trenton rock until flooded with ¢ Blue-lick” water and yet emitted
no gas; and that wells bored to the north, at Medaryville, to the south
at Monon, and at other proximate points have yielded no gas.

The shattered condition of the Niagara limestone, which is the surface
rock in the region of these wells, indicates that in this locality the ancient
upheaval was of a very violent character, and accompanied with much
concussion, for the stone is not simply broken, but split and shattered in
the most extraordinary manner. The surface rocks at Monon dip in many
directions and are crushed together in places in the most confused and
chaotic way. That this shattered condition of the Niagara limestone is
not superficial, but extends to the lowest stratum, is proved by the action
of the drill in every bore yet made at this point. The gentlemen engaged
in boring the wells at Francisville, as well as at Monon, make the uniform
complaint that the drill in its descent finds cracks in the limestone with
such an inclination as to deflect the drill from its course and thus render
the boring extremely difficult, and in several instances the crevice was so
great that the bit was lost. A few miles northwest of Francisville Mr. J.
H. Prewitt, with the assistance of other gentlemen, cleared the earth from
about a natural spring to the depth of eight feet, laying bare the Niagara



PARTIAL REPORT OF WESTERN DIVISION. 149

limestone. It was found that the clear cold water rose in great volume
from a long crevice in the rock. This crevice has a width of about ten
inches, slightly inclined to the southwest, and is evidently of great depth.
A long pole thrust down finds no bottom, and the character of the water
indicates its subterrane reservoir.

Arrangements have been made by the enterprising citizens of Francis-
ville with Mr. Bucklin, to pipe a supply of gas to that town, and before
this report is in type the sooty coal and cumbrous cord-wood which has
heretofore served the citizens for fuel will have yielded place to the lighter,
cleaner and less troublesome gas. Mr. Bucklin has two wells now flowing
about equal quantities of gas, and other bores will be drilled in as rapidly
as possible. The work is being done by Mr. Jack Robinson, who has had
large experience, having drilled some of the earliest gas wells found in
Pennsylvania, and later in the Lima, Ohio, field, and in Eastern Indiana
sunk a large number of successful wells. He has great confidence in this
new field being developed, that it will prove a permanent as well as plen-
tiful supply of fuel for the neighboring towns to which it may be piped,
and that no fears need be entertained as to its exhaustion. )

Should this field prove to be as valuable as now indicated, much will
be added to the wealth of Pulaski County, and the gas having been piped
to the town of Monon, in White County, a distance of only five miles,
there can be little doubt that the shops of the Louisville, New Albany &
Chicago Railway will be attracted to that place, and the result will neces-
sarily be a rapid and material advancement in wealth and prosperity.

Before the drilling of the wells on the ¢ Blair farm,” by Mr. Bucklin,
the citizens of Francisville bored two wells in the town, in each of which
the Trenton limestone was reached at about nine hundred and five feet.
The Niagara limestone was, as usual in this vicinity, found to be the sur-
face rock, and was with the greatest difficulty penetrated on account of
the shattered condition of the rock, the oblique fractures leading the drill
estray. At a depth of about six hundred and twenty feet the Niagara
limestone having been .passed through, a porous limestone was entered
and a flow of excellent lubricating oil was struck. This yielded at the
rate of five to ten barrels per day, and the boring should have been ar-
rested at this point, but the citizens, contrary to the advice of Mr. Robin-
son who was sinking the well for them, insisted on tapping the Trenton
limestone, and this was done. No oil or gas was found in that rock, and
the boring continued until the water flooded the well and the oil was
drowned.

Traces of bog iron ore are discoverable in many places in this county,
but there are no deposits of sufficient importance to merit the attention
of manufacturers. There are no valuable mineral deposits yet disclosed
anywhere in the county. Should the natural gas prove persistent and
plentiful we may expect a considerable advance in the material prosperity
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of the towns within reach of the newly discovered field. The work of the
ditcher will, however, do more for the future prosperity of Pulaski County
than any development of the possible stores of oil and gas hidden in her
rocks. Much has already been done in this direction in the construction
of large open ditches, but the net-work of under drains required to render
the soil thoroughly cultivatable, is only fairly begun. Enough has been
done to greatly improve the sanitary condition of the county, as well as to
lay the foundation of effective husbandry, and nowhere is the immediate
effect more apparent than in these heavy soils.

There are few historical notes of great interest connected with this
county. All that region of country comprised within lines drawn from
Detroit, Michigan, to the southern point of Lake Michigan, thence to
the mouth of the Wabash River, thence to the mouth of the Scioto River,
thence to Detroit, was once the dominion of the Twigtwees or Miami In-
dians. As early as 1672 the French missionaries and traders found them
in possession of this domain, and they held it against all intruders until
the advent of the all-conquering race. The region adjacent to the north
bend of the Tippecanoe river was the last place abandoned by these In-
dians, and it was only in the year 1832, by a treaty signed by Wah-she-o-
nos, Wah-ban-she, Aub-bee-naub-bee, and other chiefs on the 26th day of
October, that what is now Pulaski County was ceded to the United States.
Even after this treaty the Indians did not all leave for their new homes
west of the Mississippi River until the year 1842.

Neither these Indians nor the earlier mound-builders have left many
marks of their long occupancy of the country.

In Indian Creek Township, at a point opposite Pulaski Mills, in the
“bottom” or alluvium of the Tippecanoe River, is a large mound about
one hundred feet in diameter at the base, and which was, before being
plowed over, fully twelve feet high. Many years ago an excavation was
made in this mound by a minister then sojourning in the neighborhood,
with the result of unearthing several crumbling human skeletons. The
bones were reported to have been very large and strong, but soon yielded
to the action of the air and crumbled to dust.

At two points in the river valley south of Pulaski mills other smaller
mounds are found. These have been opened, the result being a few
crumbling bones mixed with charcoal. No implements were found,
though many arrow and spear heads, stone axes, and similar weapons of
war and the chase have been picked up in different parts of the county,
notably in the alluvial valley of the Tippecanoe River.
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THE TIPPECANOE RIVER.

This stream is a natural feature of the landscape of several counties of
such exceeding beauty and value as to deserve & separate paper devoted
to it exclusively, but the limits of this report deny it, and attention can
only be called to that portion of the stream within and near the borders
of the counties of Pulaski and White. With an average width of one
hundred feet, the beautiful river enters Pulaski County from the east at a
point about half way between the village of Marshland, on the Vandalia
Railway in Fulton County, and the town of Monterey, in Pulaski County.
For five miles from thence in a northwesterly direction it flows through
the northeast corner of Pulaski County, crossing the north line of the
county into Starke County, where at a point called ‘ North Bend,” at the
farm house of Mr. J. Stryker, it boldly turns to the south under a high
bank, and thereafter maintains a generally southerly course until it
empties into the Wabash near Lafayette.

I have called it a ‘“ beautiful” stream, but neither that word nor any
other is strong enough to properly characterize its exceeding loveliness.

There are many fine streams in the State of Indiana, but not one that
can be compared with this river. Its rare beauty, its splendid fishing,
the good shooting to be found along its banks, the numberless cold springs
that bubble out of the high bluffs, the small green islands that are met at
almost every turn of the stream, the clear water flowing over the assorted
sand and bowlders of the northern drift, or the masses of heavy green
grass attached to the bottom and waviug in the moving water like a tiny
forest in a *“ broad and equal blowing wind,” lend a charm against which
few hearts are proof. In order to fully explore this fine river I launched
a small canvas boat at Marshland, in Fulton County, and floated down
the stream a distance of fifty miles to Monticello, in White County.
Such a trip, without any companion, would, under ordinary circumstances,
prove to be a very lonely one, but such is the varying beauty and inter-
esting character of the rapidly flowing river that no journey ever proved
more pleasant. From Marshland to a point south of Pulaski Mills, in
the southern part of Pulaski County, the river flows in a bed of bowlder
clay, at no point cutting through the drift, but at a point two miles north
of the line of White County the channel of the stream is cut down to
the Devonian shale, and from thence down the stream to its confluence
with the Wabash the strata of the Devonian rocks outcrop at many
points, notably near Norway Mills, in White County, and at a bluff south
of Monticello. .

At the time of my voyage the stage of water in the river was extremely
low, and every characteristic of the river bed was easily discoverable.
Flowing, as it does throughout most of its course, in a channel hollowed
in the bowlder drift, the stream is a succession of pools and shallows,
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neither of great extent, and alternating with such ever varying form and
character as to form a source of pleasure always enhanced by the element
of surprise. By the sorting process of the water the large bowlders have
been selected from the drift and, by reason of their greater weight, deposited
in the bed of the stream. In times of flood the increased power of the
water has pushed them along until some point of obstruction has been
reached, where a vast accumulation has taken place, and these, damming
the water above, form a long and deep pool.

The water from the pool over-lipping the dam and struggling through
the long tangle of bowlders below forms a ripple, shallow and swift, in
which the fish find favorite nesting grounds.

There is no mill nor any artificial obstruction of the stream from the
crossing of the Vandalia Railway at Marshland to the town of Winna-
mac, a distance of nearly thirty-five miles following the sinuosities of the
river, and nowhere in the State is thece such a reach of running water so
well stocked with fine fish. It is not only as an angler’s paradise, how-
ever, that this river has precedence of our many streams, but the sports-
man who loves the gun better than the rod will find the banks of the
Tippecanoe the best game preserves yet remaining in the State. The
prairies which are skirted by the river in Pulaski County are yet favorite
feeding grounds of the pinnated grouse, and the best wood-cock cripples
to be found in the Mississippi Valley, borders Mill Creek near its junc-
tion with the Tippecanoe three miles South of Winnamac. Not only at
this one point, but everywhere along the river in damp bottoms, -in
springy places under bluffs, and wherever secluded feeding grounds ap-
pear, the wood cock may be found.

Formerly the waterfowl in great abundance visited the stream in the
spring and fall of the year, but now the flights are irregular and the num-
bers annually decrease. :

The small-mouthed bass (Micropteros Dolinuiu) is the principal game
fish inhabiting these clear waters, though the large-mouthed bass (Mi-
cropterous Salmoides<) may occasionally be found, and the pike or pickerel,
which formerly reigned in undisputed mastery, both because of its prowess
and numerical superiority, may yet be found, though in greatly lessened
numbers. Though the angler m'ay lament the steadily decreasing num-
bers of the pike while remembering his game qualities, yet the loss by
the extinction of this voracious fish will be more than compensated by
the gain in other game varieties, for the pike is the remorseless and in-
satiable enemy of all the other game fish, and will not hesitate to make a
meal off his own kind.

A few years ago the use of seines and dynamite threatened to render
the Tippecanoe River as barren of game fish as the same shameless viola-
tions of the law have left many of our other streams, but better views
seem now to obtain, and the seining has ceased, and only an occasional
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instance of the use of explosives and of fish poisoning occur. The
value of the river to the people of the State as a preserve of the most
valuable game fish can scarcely be over-estimated, for if nowhere else in
the State may we look for such a supply of the dainty food yielded by
Micropteros Dolinuiu. That something is gained by preserving the game
fish in our rivers for the mere pleasure of angling, does not admit of a
doubt, but when a valuable source of food supply is added to the delights
of the rod and reel, the economist should make common cause with the
sportsman in the work of protection. The statutes which have been
framed to guard our streams against the seine, poison and dynamite, are
sufficiently stringent, but as detection of offenders is not easy because
their depredations with the seine are generally at night, and with dyna-
mite in secluded places, and as no inducement is given to informers, the
criminals go unpunished. The law should be so amended as to increase
the penalty in case of conviction and one half the penalty should go to
the informer. In such case the detection of the ravages would be cer-
- tainly accomplished, and the game fish given the same opportunity to

breed and increase which we allow to the ruffed and pinnated grouse of
our woods and prairies. When this is done the angler may seek the deep
pools of the Tippecanoe River at any time with full confidence in a good
day’s sport with the result of a well-filled creel

The geological notes collected while exploring this stream are included
mostly in the report upon White County and in the paper upon the
Wabash arch. There are fine outcroppings of stratified rock, mostly De-
vonian shales and limestone (Corniferous), at points from a little above
Monticello to near Lafayette. These outcroppings show the deposits
above the Niagara in place, while the latter, and all inferior deposits, are
greatly disturbed. Indeed, the channel of the stream has been con-
troled for a considerable part of its length by a great break in the strati-
fied rocks, as is also the case with the Wabash River. Where the De-
vonian formation is the surface rock we find that the glacial plow has laid
the furrow for the stream, and this is no doubt true to a degree where the
Niagara comes up; but the larger fact remains that a peculiar broken and
creviced condition of the Upper Silurian strata has greatly affected the
course of the stream wherever the Devonian has been displaced by erosion.

The bottom lands of the Tippecauoe River are justly famed for their
extreme fertility. The soil is a warm, sandy alluvium, rich in vegetable
matter, easily cultivated and wonderfully productive. Some extensive
and flourishing mills are situated on this river near and below Monticello.
The power furnished is ample, and comparatively inexpensive.

The farther southward and westward we follow the course of the river,
higher and bolder become its bluffs and the deeper sinks the channel. In
many places fine sections of the drift have been made by the cutting of

11 —GEoLoaY.
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the stream. Usually, however, bluff alternates with bottom, so that on
one side of the river the banks may be high and precipitously steep, while
on the other lies a wide, low stretch of fine alluvial farmland.

In some places the timber, which consists of oak, hickory, walnut,
maple, ash, planeand poplar (tulip—liriodendron tulipifera) is very heavy,
but in the main it is scattering and has been greatly reduced by indiscrim-
inate cutting.

Upon -the whole, the valley of the Tippecanoe is a well drained, fertile,
healthful, highly cultivated region, owned and held by a happy, intelli-
gent and very prosperous people. '



PRELIMINARY SKETCH OF THE CHARACTERISTIC
PLANTS OF THE KANKAKEE REGION.

The following lists will be of use and interest to those who (not technical
botanists themselves) are lovers of plants and like to identify them when
found ; they will also have value for the professional botanist in that they
afford a record, so far as they go, of plants actually found, with a de-
scription of the spots upon which they grew. A report like this, made
for the people, is utterly without use or interest to nine-tenths of its
readers (or rather to nine-tenths of those who ought to be its readers)
when it is purely technical. Our great American master of botany, the
lamented and venerated Asa Gray, knew well the effect of popularizing
science and it is to him that we owe our very heaviest debt of gratitude
for many long and vigorous steps in the right direction.

It is often the case that a student, struggling (in the early days of his
field-studies) with the difficulties surrounding the identification of species,
would be greatly helped if he had in hand a localized catalogue which
would give him the common name of each plant characteristic of the lo-
cality together with a popularized though sufficiently technical description.
Indeed I do not regard him a safe botanist, no matter how famous, no
matter how great his experience, who is not willing to be taught through
the medium of the simplest and least technical language when need be.
Text books and the volumes meant for the shelves of scientists only may
be best written in the language of science; but T hold that no book or
communication aimed at the popular understanding should be made a
puzzle rather than an elucidation.

The following is but a beginning, and is meant as the merest sketch
containing a few of the plants most characteristic of the region drained
by the Kankakee River. 'We hope to make the lists very full and valuable
in the next report, as we have our work fairly begun and the methods of
obeervation pretty well perfected. .
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ARABIS LYRATA, (cress, or rock-cress.) Very slight plant with deli-
cate leaves starting up from the root and shaped like a lyre.
Flowers brilliant white. This was found in light, sandy soil, not
far from the shore of English Lake.

ARENARIA STRICTA, (sandwort.) A small plant with thickly set
bristle-like leaves ¢rowding its stem. Terminal flowers with open
cyme, sharp sepals and conspicuous white petals. On high bar-
rens near Francisville.

ARTEMISIA CANDATA, (wormwood.) A tall weed having divided
pinnate leaves with fine thread-like capillary divisions. Head
loosely panicled. Sandy soils of the lake shores.

ARETHUSA BULBOSA, (no common name.) This singularly beautiful
little plant sends up a scape or smooth stem from its root bulb,
which bears a brilliant rose pink flower. Found in the marshes of
Starke County.

ASTER LONGIFOLIUS, (Longleaved Aster ) Tall weed with bluish
purple flower, long, tapering, pointed glassy leaves. Plentiful
in the wet, sandy soils of the Kankakee bottoms.

ArLvLivm cErNUUM, (Wild Onion.) This curious plant sends up a
long, angular scape from the ground. Flowers rose-color.
Leaves grass-like, keeled on the bottom. Damp shores of lake.

BETULA PAPYRACEA, (Paper Birch.) This is reported on the Kan-
kakee, but I have not seen it. It is the well-known tree from
which the Indians procured bark for building canoes.

BETULA PUMILA, (no common name.) Reported. I have not found
it, and doubt its existence in this region, though good authority
stands against me.

CARDEMINE RHOMBOIDEA, (Cuckoo-flower, Bitter-cress.) This pretty
plant I found in the wet semi-marshes and spouty, arenaceous
soils’ in Pulaski County. It bears on a straight stem a large
purplish flower. Leaves toothed and oblong, the lower one heart-
shaped.

CrcuTA BULBIFERA, (Cowbane.) Reported, but not seen. It should
be found in the barrens, probably.

CoriSPERMUM HYSSOPIFOLIUM. Reported, but I bave not seen it
in the immediate region of the Kankakee.

DROSERA ROTUNDIFOLIA, (Sundew.) Not often seen, but when
sought will be easily found in the boggy spots in the Kankakee
Valley. White, round leaves on long petioles forming a tuft,
waxy or sticky, white. This is the insect-catching sundew.

ELODEA COMPANULATA. Reported but not seen in the immediate
vicinity of the Kankakee.
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EPILOBIUM PALUSTRE, (no common name.) Plentiful in the wet
bottoms and along the river’s low shores. Purpligh flowers, leaves
lance shaped, linear. Plant slender and delicately hoary.

LATHYRUS MARITIMUS, (Beach Pea.) Found in Starke County on
sandy hill-side near Cedar Lake. Peduncle with purplish flowers,
stipules large, leaflets crowded, oval.

LArix AMERICANA, (Hackmatack.) Reported in some of the upper
swamps of the Kankakee. I have not seen it there, but have
the report from excellent authority.

LECHEA MAJOR, (Large Pinweed.) Tall hairy stem, roundish leaves
with short points, purplish closely packed flowers, sandy hillsides
of Starke County.

LiLiom suPerBUM, (Turk’s Cap.) This beautiful little plant is not
common in the Kankakee region, but I have found it in the wet
meadows of White County. Flowers yellow, darkly spotted, set
in thick pyramid. Leaves lance-shaped and whorled, or scat-
tered.

Linom suLcaTuM, (Wild Flar.) Reported, but not seen growing
in the immediate region of the Kankakee.

LINNZEA BoREALIS, (Twin Flower.) A single plant found in Jasper
County on the margin of a spouty spring-bog. Creeping stem,
hairy leaves of round oval shape, purplish, bairy, sweet-scented
flowers.

LoseLia Kami, (Indian Tobacco [?).) Found on sandy bank of
the Kankakee. About a foot tall, root leaves blunt or obovate,
stem leaves scattered, lance-shaped. Flowers brilliant blue

MENYANTHES TRIFOLIATA, (Buckbean). Scape ten inches long,
with a white-pink flower. Found in a boggy spot on north side
of Kankakee, below English Lake.

MyriorpEYLLUM 8PICATUM, (Millfoil). Leaves above water rounded
and blunt, bract-like. Flower insignificant. Found in shallow
lagoons.

OxavLis AuToseELLA, (Wood sorrel). Common enough on sandy,
rather dry, banks and sand ridges. Pink veined flowers, much
like common sorrel.

POTENTILLA FRUCTICOSA, (shrubby cinquefoil). A silky, bushy,

cinquefoil growing on the barrens.” Noted in Starke and White
“counties on wet spots between sand ridges.

POTENTILLA ARGENTEA, (8ilver cinquefoil). Growing on the dryest
parts of the sand ridges in Pulaski County. A groveling, woolly
weed, thickly branched, having peculiar pinnately cleft leaves
woolly white below.
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27. RUELLIA CILIOBA, (no common name). Reported on the dry sand
ridges, but not seen in the immediate valley of the Kankakee.

28. SILPHIUM INTEGRIFOLIUM, (Rosin plant (?)). Found on the prairie
. near San Pierre. Leaves oval lance shaped or heart shaped, dis-
tinct. ’

29. SCUTELLARIA GALERICULATA, (Skull-cap). A slender stemmed,
smooth plant, with heart-shaped or rounded lanceolate, acute,
serrate leaves. Blueish flower with strongly arched upper lip.

30. SorLipAGO MissoURIENSIS, (Golden Rod). Reported, but not seen
in the Kankakee valley proper.

81. BILPHIUM LACINIATUM, (Compass plant). Root leaves rough, bristly,
deeply cleft, pinnatifid, and thought by some observers to prefer
a north and south line for their edges. Prairies bordering the
river.

The foregoing thirty-one species, should they prove resident, may be
taken as strictly characteristic of the three divisions of the Kankakee
region, to-wit: The lake region, the prairie region and the barrens region,
gpeaking with reference to Professor Coulter’s lists and to his able paper
contained in the report of this department for 1885-6. But the area im-
mediately bordering the Kankakee River shows a number of plants com-
mon to the south, and which are not strictly or peculiarly characteristic
of any of the divisions above mentioned. These are aquatic and semi-
aquatic species imported, no doubt by migratory birds. The Nelumbium
duteum, water chinquepin, would appear to have come from the south,
along the course of the migratory water fowls. So Nuphar sagitifolia, or
arrow-leaved spatter-dock, observed in a lagoon of the Kankakee, near
English Lake, must have found its way, in the same manner, from the
Migsissippi region. Ambrosia bidentata, prairie ragweed, is found on the
banks of the Kankakee, where there is no prairie proper. Asclepias rubra
was found on the sand hills of Starke County, and A. phytolaccoides was
noted near the same spot. These are milk weeds, the first common from
New Jersey south, and the second a hill country plant not to be expected
in this region. Two species of Lady’s slippers have been identified.

Cypripedium acaule. This beautiful plant was found in a wash or ravine
of a sand ridge in Starke County, and C. spectabile was noted in the woods
bordering the Kankakee River not far below the crossing of the L., N.
A. & C. Railroad.

Oypripedium arietinum is reported as existing in the boggy woods of
the valley, but I have not yet seen it there. It usually is about 8 inches
high, slender with lance-shaped oblong leaves and a dull purple, insignifi.
cant flower having a conical sac, one ovate or lance-ovate sepal and two
linear. Petals two, linear. Aplectrum hyemale, common name Adam and
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Eve, was found in a ‘“second bottom” between the river and the sand-
hills, a single specimen noted, in Starke County. Viola delphinifolia, lark-
spur leaved vielet, and V. rdtundifolia, round-leaved violet, were found
almost side by side in the barrens of the northern part of Jasper County.
Passiflora lutea was noted in White County. This species of passion
flower, apparently the degenerate relative of the magnificent southern
species (P. incarnata), is a slender, timid vine with entire blunt lobes of
its leaves scarcely distinguishable at a little distance from the yellowish
green flowers, Lysimachia quadrifolia was shown me as having been found
in the southern part of Porter County, but I have not seen it in the Kan-
kakee region. Agrimonia parviflora was reported; probably a mistake.
Vaccinium vacillans, huckleberry. This species was seen in the sand-hills
near English Lake. It may be identified by the yellowish color of its
twigs and by its smooth oval, glaucus leaves which are entire. It is some-
times called winter huckleberry. Humulus lupulus, common hop, was
found in the thickets bordering the Kankakee and along the margins of the
““second bottoms.” Hypericum ellipticum, one of the species of St. John’s
wort, is found in the wet open woods of the lowest Kankakee bottom lands.
Its oblong spreading leaves are thin and its flower paler than the other
species and set in a nearly naked cyme. Much smaller than H. aureum
of the south, and not to be mistaken for H. spherearpon, which is larger
and has its leaves oblong-linear, diverging and obtuse, and its pods glob-
ular. This last is reported from the banks of Monon Creek, but the ob-
server was probably mistaken. The St. John’s worts are not very com-
mon anywhere north of the Uhio River in the west. Of Helianthus (sun-
flower) there are a number of species. I noted H. occidentalis, H. molliz,
H. strumosus and H. rigidus (?). The last named is doubtful. Palygonum
hydropiper (water pepper) was noted, and a few specimens of Rumex
orbiculatus were observed near the Kankakee below English Lake. Im-
patiens pallida and Impatiens fulva both were found in wettish spots be-
tween the ridges. These are commonly called touch-me-not, on account
of the spiteful action of the seed-pods when shaken or touched.” They are
generally known as balsam. Flowers panicled, yellow with reddish brown
freckles, sac tapering into a long, soft spur. Stems and branchlets are
semi-transparent, succulent, brittle ; leaves alternate oval, delicate. The
two species are much alike; but the flower of pallida is, as the name in-
dicates, paler than that of fulva, which is a brilliant orange. One small
bush of Negundo accroides, box-elder, was observed in a thicket below the
L., N. A. & C. R. R. crossing. Guaphalium polycephalum and G. decur-
rens, the two cud-weeds, or life-everlastings, were not plentiful, but found
here and there on the dryest parts of the barrens. Autennaria margarite,
pearly-everlasting, grows on sand-knobs and dry barrens ridges, 18 inches
high continuously leafy from the ground up; leaves lance-shaped, linear;
the head in a broad corymb with scattering imperfect staminate flowers,
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the whole showing a pearly whitish gleam. Vernonia fasciculata (tron-
weed) common in the somewhat sandy spots of the prairies. Callirrhee
triangulata (mallow), a single plant noted in Starke County on the bank
of Yellow River. It may be common on the dryer parts of the light
prairies. Fragaria Virginiana, var. Illinensis (wild strawberry) common
on the dry barrens knobs and sandy slopes. Mitchella repens (partridge
berry) was noted on the tops of barrens ridges in the oak woods of Starke
County near Cedar Lake. Galium lanceolatum is reported from Porter
County, but I have not seen it. It is a species of wild liquorice. Dioda
teres (button weed) is noted as having been seen on the sand-hills, but the
locality is not kept. This is a southern plant, common in sandy old fields
in the Atlantic coast States from New Jersey southward. Valeriana
edulis (valerian root). Indian root, one specimen identified growing in
Kankakee bottom near English Lake, a singular and rather rare plant
with heavy root-leaves spatulate; stem leaves divided in 3 or 7 long nar-
row divisions with delicately woolly edges. The root is a curious radish-
shaped, edible turnip which was much sought after by the Indians.

Houstonia minima, bluet, a few seen on dry barren ridges in the thin
woods of Starke County north of Cedar Lake. The rushes of the Kan-
kakee will be interesting, likewise the mosses, grasses and ferns, when
they shall have been studied and reported, more especially as regards the
light they will throw upon the question of the survival of species far out-
side of their proper habitat. The timber trees and larger arborescent
plants of the Kankakee region have no points of great interest botanically
speaking. Liquidambar Styraciflua, sweet gum, has been reported, but I
have not verified this and doubt its existence in the Kankakee bottoms,
though it is possible, as the tree is found in New England and in Southern
Illinois, Southern Indiana, and in Missouri. In a general way the trees
of the Kankakee swamps are common to all the swamps of Northern In-
diana and Southern Michigan.

Of the ash trees (Frazinus) the F. Americana, white ash, (reported
but not seen by me), the F. sambucifolia, black ash, and F. vividis, green
ash are probably present. The maples are chiefly Acer rubrum, swamp
maple, A. saccharinum, sugar maple, and A. dasycarpum, white maple,
with, probably, varieties of each species, especially of the sugar maple.
Of the walnut family, which includes the hickories as well as the walnuts,
the list will contain Juglans nigra, black walnut, and J. cineres, butternut,
both rare in the valley, Carya suleata, shell-bark hickory, C. porcina, pig-
nut hickory, and C. amare, bitternut hickory. Of the oaks nearly or
quite all the species common to middle Indiana are found. Quercus nigra,
black-jack, probably ; Q. ilicifolio, scrub-oak, and Q. palustris, Spanish or
pin-oak, and the large timber trees white-oak (Q. bicolor), bur-oak (Q.
macrocarpa) and probably Q. rubra, red-oak of stunted growth, are plenti-
ful in places. The bass-wood (T'ilia Americana) was noted along the dryer
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banks of the Kankakee, but the trees were not large. The beech (Fagus

ferruginea) is not common, but by no means rare along the higher bottom-
lands of the river. Some stunted hackberry (Celtis occidentalis) trees
were observed in the second bottom of the Yellow River near the Kan-
kakee. The poplar, yellow-wood, or tulip-tree (Liriodendron tulipifera)
is not common, though an occasional one may be seen along the Kanka-
kee and Yellow River. The cotton-wood (Populus monilifera) is met with
unfrequently. The wild cherry tree (prunus serotina) is seen growing
small here and there in favorable spots along the second bottoms. A few
red-bud or Judas-trees (Cercis Canadensis) grow in the thickets on the
richer highlands of the Kankakee, but the plant is out of place, as its
true habitat is much farther south. The coffee-nut tree, (Gymnocladus
Canadensis) was seen along the timber-line of the Kankakee, especially on
the south side of the river. The hornbeam or water beech (Carpinus
Americana) not very common along the Kankakee and tributaries, over-
hangs the banks, however, here and there. Of the hazel-nut (Corylus)
both species, C. Americana and C. rostrata, reported, but I saw neither.
The service-berry, or June-berry (Amelanchier) is also reported, but with-
out any description as to variety. I did not find it. So a hawthorn
(Crategus), probably C. tomentosa, Var. mallis, was seen but not examined,
as I was in a canoe and, although near shore, could not land. The wild
apple (Pyrus), P. Angustifolio, narrow leaved crab apple, and the choke-
berry (P. arbutifolia) probably are present in the second bottoms, but I
can say only that they are reported, as I have not identified them.

This closes the list, 8o far as the work has gone, and it is proper to say
here that the botanical examinations have been merely incidental to the
work of the survey, the notes having been hurriedly taken—on the run,
80 to say—while in search of geological facts. It is to be hoped that the
future will afford the opportunity of making out a complete and properly
arranged list of the plants of this great untouched region.




PRELIMINARY SKETCH OF THE AQUATIC AND SHORE
BIRDS OF THE KANKAKEE REGION.

Beginning with the plovers and ending with the ducks, the following
list includes all the birds commonly alluded to as aquatic and shore birds
so far reported to me from the Kankakée Valley, or identified by me in
that region. It is by no means a complete list, and scientific arrange-
ment is not attempted, the field notes being given with very slight re-
vision simply with a view to their preservation so that they may be used
in a future complete report on the natural history of the Kankakee re-
gion. A systematic catalogue ought not to be thought of in connection
with incomplete notes, but a simple field sketch will be of interest in
many ways to all who are students of nature, and it will serve to attract
attention to a region singularly rich in material for the note-books of such
students.

The field plover, or bull head (Charadrius dominicus), common on wet
meadows near the Kankakee in spring and autumn. A great table deli-
cacy and much sought after for the market by ‘¢ pot-hunters.”

Kildeer plover (Zgialites vociferus), plentifully distributed over all the
open dryer spaces.

Wilson’s plover (. Wilsonius), one specimen killed some years ago.
Not very common near the Kankakee.

Ring-necked plover (. semipalmatus), rather common at one time, it
is reported, but not so now.

Wilson’s phalarope (Steganopus Wilsoni), seen on the marshes, and
killed in the autumn.

The woodcock (Philohela minor), the most precious of all our game
birds, is met with in the open bogs and boggy woods all along the Kan-
kakee and its tributaries. It is often called big snipe and bogsucker.

Jack-snipe, or Wilson snipe (Gallinago Wilsoni), is very common in
spring and autumn, affording fine sport in the latter season, and much
shot in the former. Wet meadows and prairie bogs.

Stilt, sandpiper (Micrapolama himantopus), not common, occasionally
seen some years ago. '
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Stint, or least sandpiper (Actrodomas bairdi), is seen in compact flocks
on the wet meadows in spring and autumn.

Grass snipe, or little jack-snipe (4. macwlata), drops in, it is said, but
I have not identified it.

American dunlin (Pelidna Americana), one specimen killed in spring
out of a considerable flock.

Ruddy plover, sanderling (Calidris arenari), seen on English lake.
Not common. Probably quite rare.

Godwit, or marlin (Iimosa feda), one specimen killed a few years ago,
one seen in 1887. :

Green sandpiper (Ryacophilus solitarious). One bird killed years ago.
Reported as seen occasionally during migration.

Grrass plover, or prairie pigeon (Bartramia longicauda), not common ;
rare, perhaps, but seen in mid-summer 1885.

The white ibi’s (Endocimus albus) is reported. I have not found it.

Great blue heron (Ardea herodias), found everywhere along the Kanka-
kee and its tributaries in summer and autumn. It is especially numerous
on the marginal marshes of English Lake.

White heron (Herodias egretta), one bird seen on English Lake.

Snowy heron (Garzetta candidissima), quite common on small ponds and
lagoons of the whole Kankakee region in summer.

Little blue heron (Florida cerulea), not common, but often seen on
marshes.

Green heron (Butorides virescens), common on all the waters.

Night heron or squawk (Nyctiardia grisea-naevia), often seen.

Bittern, Indian hen, or thunder-pumper (Botanrus mugitans), common,
seen everywhere in the grassy bogs and marshes.

Dwarf bittern, least bittern (Ardetta exilis), common. Often mistaken
for green bittern.

Whooping crane (Grus Americana), one or two seen, but quite uncom-
mon.

Bandhill crane (Grus pratensis), not seen, though reported.

Virginia rail (Rallus Virginianus), one bird killed, not common.

Marsh hen (R. elegans), scarce. A few seen during the spring of 1875.
One noted as this bird, October 1886, but not taken.

Ortolan, or crake (Porzana Carolina), rather frequently seen, possibly it
breeds here.

Yellow crake (P. noveboracensis), occasionally seen.

Gallinule (Gallinula galeata), not common, but is occasionally killed.
Can scarcely be called rare here.

Coot (Fulica Americana), found in the worst marshes where the grass
and weeds are very thick and tall in a slush of water and bog-mud. Itis
sometimes called crow-duck, more often mud-hen.

Kingfisher (Ceryle aloyon), rather common on the Kankakee, numerous
on the tributaries.
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(I insert here the marsh blackbird (Ageleeus phoenicens), because it is
the bird oftenest seen in all the grassy marshes of the whole Kankakee
region. It swarms everywhere.)

The whistling swan (Cygnus Columbianus), was seen, but no bird. taken.

Wild goose (Anser albifrons gambeli), one bird killed in 1876 frequently
seen in spring.

Common wild goose (Bernicla canadensis), quite numerous in spring
and fall, large flocks settling down for a week or ten days.

White brant (Chen hyperboreus) is seen in considerable flocks flying
over, but rarely alighting.

Mallard, or green-head (Anas Boscas), common on the Kankakee and
adjacent waters in spring and autumn. Large flocks.

Pin-tail duck (Dofila acuta), often seen on river.

Wigeon, or bald-pate (Mareca Americana), not common, but occasion-
ally seen.

Teal (Querquedula), both green-winged, Q. crecca, and blue-winged,
Q. discors, rather common from spring to late autumn. They breed in
grassy, wet tussocks.

Shoveler duck (Spadtula clypeata), frequently seen on the Kankakee.

Wood duck (4ix sponsa), very plentiful on the Kankakee and its trib-
utaries.

Scaup duck (Fuliz affinis and F. collaris), both species rather common
in spring and autumn A few appear to breed here.

Whistler, or golden-eye (Clangula glaucium), not common, but noted
frequently.

Buffle-head, or butter-ball (C. albeola), is quite numerous in spring and
autuion. A showy duck, but not first-rate for the table.

Hooded merganser (Mergus cucullatus), rather scarce; but seen fre-
quently.

Diedapper, or dipper (Podilymbus podicipes), very common.

The eared grebe (Podicipes [auritus] californicus), seen on the Kanka-
kee only once. Probably rare.



GEOLOGY OF MIAMI COUNTY.

BY 8, 8. GORBY.

Miami County, situated in north-central Indiana, is bounded on the
north by Fulton and Wabash counties, on the east by Wabash and Grant,
on the south by Howard and on the west by Carroll ard Cass. It con-
tains an area of 384 square miles, or 245,760 acres. The county is in the
form of a parallelogram, being thirty miles in length, from north to south,
and twelve miles wide, with one township forming an L.like projection on
the east side, at the southeast corner. The following are the fourteen
civil townships in the county: Allen, Perry, Union, Richland, Jefferson,
Peru and Erie, on the north side of the Wabash River, and Pipe Creek,
Washington, Butler, Deer Creek, Clay, Harrison and Jackson, on the
south side of the river. The river runs in a westerly direction, dividing
the county into two nearly equal parts.

Peru, the county seat of Miami County, is a thriving commercial and
manufacturing city, sityated in the central part of the county, upon the
north side of the Wabash River, and in the midst of an agricultural
region of unsurpassed fertility. The population of Peru in 1880 was
5,280 ; it is now estimated at fully 8,000. The following towns and vil-
lages are located in the northern part of the county: Wagoner, Lincoln
and Birmingham, in Allen Township; Gilead and Stockdale, in Perry
Township; Mexico, in Jefferson Township, and Denver, Chili and Paw-
paw, in Richland Township. South of the Wabash River are Miami,
in Deer Creek Township; Waupecong and McGrawsville, in Clay Town-
ship ; North Grove, in Harrison Township ; Amboy and Xenia, in Jack-
son Township; Bunker Hill, in Pipe Creek Township; South Peru, in
Washington Township, and Peoria and Santa Fe, in Butler Township.

The distance from Pera to Amboy is. . . . . . . . .. ... .. .. 15 miles.
The distancs from Peru to Bunker Hillis . . . . . . . . . . .. .. 8§ «
The distance from PeratoChiliis . . . . . . . . . . . ... .. .. g «
The distance from Peru to Deedsvilleis . . . . . . . . . . . .. .. 183 «
The distance from Peru to Denveris . . . . . . . . . . .. ... .. g «
The distance from Pernto Gileadis . . . . . . . . . . .. ... .. 16 ©
The distance from Pern to Lincolnis . . . . . . . . . . .. . ... 16«

The distance from Peruto Mexicois. . . « « « ¢« ¢ ¢ ¢« v ¢« o v o .. 6
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The distance from Peru to Miamiis . . . . . . ... ....... 12 miles
The distance from Peru to North Groveis . . . . . . ... .. ... 18 «
The distance from Peru to Paw-pawis . . . . . . ... ... . ... i«
The distance from Peruto Peoriais . . . . . . . . ... ... ... 9 «
The distsnce from Peru to Perrysburgis . . . . . . . . . . ... .. 1«
The distance from PerutoSanta Feis . . . . . . . . . . ... ... 9 «
The distance from Peru to Stockdaleis. . . . . . . . ... .. ... 15 «
The distance from Peru to Waupecongis. . . . . . . . . . ... .. 18 «
RAILROADS.

The railroad facilities of the county are moet excellent, there being but
two out of the fourteen townships in the county that are not crossed by
railroads. ~ The Pittsburg, Chicago & 8t. Louis Railroad (the Pan-Handle)
runs northwesterly across the southern part of the county; the Wabash,
8t. Louis & Pacific Railroad crosses the central part of the county from
east to west, following the course of the Wabash River; the Lake Erie
& Western, formerly L., P. & C. Railroad, runs a northerly and southerly
direction through the central part of the county; and the Eel River Rail-
road, which follows the course of Eel River southwesterly, through the
northern part of the county. The railroads throughout the county are
moet conveniently and happily located for the agricultural and commer-
cial interests of the country.

SCHOOLS.

The total population of the county is near 30,000, and the school popu-
lation a little less than 10,000. The total number of pupils attending
school in 1886 was 6,244, and the average attendance was 4,412. The
school terms throughout the county averaged 121 days in length—a period
equal to a fraction more than six months. The teachers of the county
have endeavored to raise their schools to the highest standard of excel-
lence, and by a system of institutes and teachers’ associations they have
been able to keep in the van of progress. The schools are moet efficiently
managed, the principal object being to assist in the development of the
minds of the youth, that they may acquire, without cramming, a knowl-
edge of those branches best calculated to assist in the business of life, and
to develop strength and integrity of character. The total value of all
school property in the county is about $150,000, and the total tuition rev-
enue about 875,000,

CHURCHES.

There are about thirty-five church organizations and the same number
of church buildings in the county, representing Baptists, Catholics, Episco-
palians, Friends, Disciples of Christ, Lutheran, Congregational, Method-
ist, Presbyterian and United Brethren. The church membership num-
bers about 6,000, and the value of church property is about $100,000.
The average Sunday-school attendance is about 3,000.
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Any locality that provides good schools and patronizes them liberally,
that erects good church buildings and contains a church-going population,
is always a desirable locality to live in. A locality of churches and good
schools is a locality of sobriety, intelligence, industry and honesty—just
such a locality as the intelligent, enterprising farmer, mechanic, lawyer,
doctor or other man of intelligence will seek when hunting a new location.
Any part of Miami County furnishes just such a locality.

AGRICULTURE.

Miami County is primarily an agricultural county. The county is
generally level, with sufficient undulations, produced by the erosions of
the streams, to give good natural drainage to a large portion of its area,
which has been supplemented in the flat portions by surface ditches and
underground tiles. The soils consist of sand or clay loams, and are of
great fertility. The yield of wheat in 1886 from 41,988 acres was 777,-
107 bushels, an average of over 18} bushels per acre; 42,258 acres of corn
yielded 1,643,526 bushels, an average of nearly 39 bushels per acre;
6,081 acres of oats yielded 219,721 bushels, an average of more than 36
bushels per acre; 140 acres of barley yielded 3,342 bushels, an average
of about 24 bushels per acre; 42 acres of buckwheat yielded 534 bushels,
an average of about 13 bushels per acre; 120 acres of rye yielded 1,953
bushels, an average of over 16 bushels per acre; 633 acres of flax yielded
6,292 bushels of seed, an average of about 10 bushels per acre; 9,647
acres of timothy yielded 17,637 tons of hay, an average of 14 tons per
acre ; 22,321 acres of clover produced 33,304 tons of hay, an average of
1} tons per acre, besides 2,443 bushels of seed valued at $10,000; 932
acres of Irish potatoes yielded 70,219 bushels, an average of 75 bushels
per acre ; and 26 acres of sweet potatoes yielded 1,550 bushels, an aver-

.age of 60 bushels per acre. These statistics of products during a year of
average crops, in a general way illustrate the fertility of the soil. Im-
proved methods of husbandry, with a gradual increase in the area arti-
ficially drained, are materially augmenting the average of the crops.
There were 404,383 rods—nearly 1,300 miles—of drain tiles in use in the
county in 1886.

The soils of the county are generally a loose, black, sandy or gravelly
loam, except in the flatter portions of the southern part of the county,
where there is, as a rule, a considerable proportion of clay. There is but
very little necessarily waste land in the county.

TIMBER.

Miami County was originally heavily timbered. The vast forests con-
tained immense amounts of the finest walnut, poplar, oak, ash, hickory
and other varieties of timber. The supply of walnut and poplar has been
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almost wholly exhausted in recent years, though there yet remains in the
wood lands a fair proportion of oak, ash, hickory, beech, elm and maple
timber. There are yet remaining in the county about 55,000 acres of
timber, or wood land, a considerable proportion of which has been largely
culled. The following is nearly a complete list of the trees and shrubs
indigenous to Miami County, although there are many other species and
varieties of trees, shrubs and vines, now growing wild in the county, that
have escaped from cultivation:

Acer dasycarpum, white maple.
Acer rubrum, swamp maple.
Acer saccharinum, sugar maple.

Aesoulus glabra, buckeye.

Almus serrulata, water alder.
Ampelopsis quinquefolia, woodbine.
Asimia triloba, pawpaw.

Betula lenta, black birch.
Betula nigra, water birch.

Carya alba, shell-bark hickory.

Carya amara, pig nut.

Carya microcarpa, dwarf hickory.

Carya sulcatao, bottom lands, large hickory nut.
Carya, tomentosa, black hickory.

Carpinus Americana, ironwood.

Cercis Canadensis, red bud.

Celastrus Scandens, bitter-sweet.

Celtus occidentalis, hackberry.

Cornus cetrcea, kinnikinick.
Cornus florida, dogwood.
Cornus paniculata, swamp dogwood.

Corylus Americana, hazelnut.

Crategus coccinea, thorn apple.

Orategus erus-galli, cockspur thorn.
Orategus tomentosa, black thorn.

Crategus tomentosa, var. punctata, sharp thorn.
Cupressus thyroides, white cedar.
Dianthua Americana, water willow.
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Disspyrus Virginiana, persimmon.
Euonymus Americana, strawberry bush.
Euonymus atropurpurens, wahoo.

Fagus ferruginea, beech.

Fraxinus Americana, white ash. . .
Frazinus quadrangulata, blue ash.

Fraxinus sambucifolia, water ash.

Frarinus virides, green ash.

Gleditschia monosperma, water locust.
Gleditschia triacanthus, honey locust.

Gymnocladus Canadensis, coffee nut.

Juglans cineria, white walnut, butternut.
Juglans nigra, black walnut.

Juniperus Virginiana, red cedar.
Lindera benzoni, spice wood.
Liquidambar styraciflua, sweet gum.
Liriodendron tulipifera, yellow poplar.

Morus alba, white mulberry.
Morus rubra, red mulberry.

Negundo aceroides, box alder.
Planatus occidentalis, sycamore.

Populus alba, silver maple.

Populus heterophylla, cotton tree.
Populus monolifera, cotton wood.
Populus tremuloides, quaking aspen.

Pyrus coronaria, wild crab-apple.
Pyrus angustifolia, narrow-leaved crab-apple.

Prunus Americana, wild plum.
Prunus serotina, wild cherry.

Quercus alba, white oak.

Quercus bicolor, swamp white oak.

Quercus coccinea.

Quercus coccinea, var. tinctora.

Quercus imbricaria, shingle oak.

Quercus macrocarpa, burr oak.

Quereus nigra, black jack oak.

Quercus obtusiloba, post oak.

Quercus phellos, willow oak. .
12—GeoLoaY.
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Quercus prinus, chestnut oak.

Quercus prinus, var. acuminata, chincapin oak.
Quercus palustris, swamp oak.

Quercus rubra, red oak.

Rhus glabra, smooth sumach.
Rhus toricodendron, poison ivy.
Rhus typhina, stag-horn sumach.

Robinia pseudacacia, locust tree.

Rosa Carolina, swamp rose.
Rosa setigera, climbing rosc.

Rubus Canadensiz, dewberry.

Rubus occidentalis, black raspberry.

Rubus srigosus, red raspberry.

Rubus villosus, fall blackberry.

Rubus villosus var humifusus, low blackberry.

Salix humilis, prairie willow.
Saliz lucida, shiniog willow.
Saliz nigra, black willow.
Salix petiolaris, petiole willow.
Salix tristis, gray willow.

Sassafras officinale, sassafras.
Tilia Americana, linden, basswood.

Ubnus alata, winged elm.
Ulmus Americana, white elm.
Ulmus fulva, slippery elm, red elm.

Viburnum prunifolium, black haw.

Vitix wstivalis, summer grape.
Vitis cordifolia, winter grape.
Vitis indivisi.

Vitis labrusca, fox grape.
Vitis riparia.

TOPOGRAPHY AND DRAINAGE.

The surface of the county is generally level, or slightly undulating, ex-
cept along the water courses, where the lands are considerably rolling or
hilly. There is no land in the county so rough and broken as to make it
necessarily waste land, nor are there any irreclaimable swamps. Origin-
ally there were many small swamps or bogs in the northern part of the
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county, which were fruitful sources of malarial poisons and tormenting
insects, but these have about all been reclaimed by draining, and are now
among the most productive and profitable lands in the State.

The Wabash River crosses the county from east to west, and divides it
into two nearly equal parts, there being seven civil townships, and about
an equal number of acres, on either side of the river.

The principal streams south of the Wabash are the Mississinewa River,
Little Pipe Creek, Big Pipe Creek and Deer Creek.

The Mississinewa River enters Miami from the southwest corner of
Wabash County, flows northwesterly across Butler Township, and empties
into the Wabash River about a mile above Peru.

Little Pipe Creek rises in the southern part of Butler Township, flows
northwesterly across Butler and Washington townships, and empties into
the Wabash about a mile below Peru.

Several branches of Big Pipe Creek rise in the western part of Grant
and the northern part of Howard County, and unite in Jackson Town-
ship, Miami County. The stream then flows northwesterly, touching the
gouthern part of Butler, the northern parts of Harrison and Clay, and
the southern part of Washington Township, thence across Pipe Creek
Township and into Cass County, finally emptying into the Wabash River
about seven miles above Logansport.

Deer Creek rises in the northern part of Howard County, flows north-
ward into Harrison Township, Miami County, thence westerly across Clay
and Deer Creek townships into Cass County, whence it pursues a westerly
course across Cass County, and finally discharges its waters into the Wa-
bash River at Delphi, in Carroll County.

The principal streams north of the Wabash River are Eel River, Flow-
er’s Creek, Washoni’s Creek and Big and Little Wea-Saw’s.

Eel River enters Miami County from Wabash County, on the east,
flows southwesterly through Richland and Jefferson townships, crosses
into Cass County, and discharges into the Wabash River at Logansport.

Flower’s Creek rises in Perry Township, flows southerly through Rich-
land Township, and discharges into Eel River just above Chili.

Washoni’s Creek rises in the southwest corner of Perry Township, flows
southerly through the western part of Richland Township, and discharges
into Eel River a short distance below Chili.

Little Wea-8aw’s Creek flows southwesterly through the eastern part of
Union Township, and unites With Big Wea-Saw’s about a mile above the
junction of the latter with Eel River.

Big Wea-Saw’s Creek flows southerly and southeasterly through Union
Township, and discharges into Eel River near the town of Denver.

Besides these described, there are many other small creeks and brooks,
in all parts.of the county, that perfect the drainage and furnish an abund-
ance of water for the use of the stock of the husbandman.
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There are but few rock exposures in the county, the surface consisting
almost wholly of glacial deposits—sand, gravel and clay. These mate-
rials, which were heterogeneously mixed during the glacial period and at
its close, have been largely ro-assorted and re-arranged during the lapse
of the long ages since the close of the ice age. The entire drift-mass has
been greatly modified by re-assortment and re-arrangement; but the sur-
face, the portion subject to the direct action of the elements, has under-
gone a much greater change in this respect. Changes of topography
have been synchronous with the modifications of the drift-mass. Water
falling upon the surface, and percolating through the mass, has been the
agent that produced the moret noticeable changes. The close of the ice
age left the surface of the whole of northern Indiana, the drift-area, in a
broken, amorphous condition—hills or mountains and high ridges of mud,
sand and bowlders, alternated with long, deep grooves and funnel-shaped
hollows. Since the close of the glacial period the process of re-modeling
the surface of the drift-area has continued uninterruptedly. By infinitely
slow processes, the wash from higher portions has filled up the lower,
until the whole of the vast area of northern Indiana, and much contigu-
ous territory, has become one vast plain, broken only by the local erosions
of the modern streams.

HISTORY.

Miami County derived its name from the Miami tribe of Indians, who,
for a long time prior to its occupation by the whites, owned and occupied
the land. The land was obtained from the Indians by treaty and pur-
chase. The principal Indian villages in the county were Wea-Saws, at
the mouth of Wea-8Baws Creek, on Eel River, Squirrel’s Village, on Eel
River, near the east line of the county, and Flower’s Village, on Eel
River, near the center of Richland Township, on the north side of the
Wabash River; and the Osage Village, on the south side of the river,
situated upon the Mississinewa, about a mile above its junction with the
Wabash River. The first white settlements in the’ county were made
about the latter village, about the year 1822, or a little later. A number
of Indians, who continue to occupy the original reserves, still reside about
this place, and there are a number of others in other parts of the county.
The Indians residing in the county are educated, intelligent citizens, and
in good financial circumstances.

Miami County was organized by legislative enactment in January,
1834 ; the first session of the Commissioners’ Court was held in June, and
the first election was bheld in August, of the same year. The following is
a list of the first officers elected to serve the county :

County Clerk: Benjamin H. Scott.
County Sheriff: Jacob Linzee.
County Treasurer: Abner Overman.



GEOLOG@Y OF MIAMI COUNTY. 178

County Commissioners: John W. Miller, Alexander Jameson, John
Cruidson.

Associate Judges: Jacob Wilkinson, Stephen Shanks.

Joseph Holman was Probate Judge and D. R. Bearss School Commis-
sioner. '

In 1827 the first house was erected within the limits of Peru. The
town was regularly laid out in 1834. Miamisport, however, now included
within the limits of the city of Peru, was platted in 1829.

The Wabash and Erie Canal was completed in 1837, and at once be-
came an important route of transportation, adding very materially to the
prosperity and development of the county. Since the great network of
railroads has been completed in the county, affording more convenient
and speedy methods of transportation, the canal has been abandoned.

The population of Miami County in 1840 was but 3,048; in 1850 it
had increased to 11,304; the population in 1860 was 16,851, in 1870,
21,052, and in 1880, 24,083.

GEOLOGY.

The only rocks exposed in Miami County are those belonging to the
Devonian and Upper Silurian formations. The Devonian is represented
by from 30 to 35 feet of Corniferous limestones, and the Upper Silurian by
the Waterlime and Niagara groups. Almost the entire county is covered
by a broad sheet of drift, varying in depth from a few feet to 300 feet or
more. The few rock exposures are due to the denudations by the streams.

THE DRIFT.

The drift, of course, is the superficial deposit, and is composed of sand,
gravel, clay, chalk, or marl, and bowlders, in some places indigcriminately
mixed, and in others assorted and re-arranged into beds of sand, gravel
or other material.

By far the greater proportion of the vast drift-mass consists of immense
beds of stiff, impermeable blue clay. These clay beds, or deposits of till,
as they are sometimes termed, consist of massive deposits of blue or
greenish-blue clay, which in places vary in color through all shades of
green to gray and red. The larger part of it, however, is blue, which,
upon exposure, weathers to a light gray.

This blue clay is persistent throughout Miami County, wherever there
is a material depth of drift, except along the water-courses. As a rule,
along the streams the clay was long ago carried away by the force of the
running water, and sand or gravel re-deposited in its place, At Denver,
on Eel River, in the morthern part of the county, Mr. Charles bored a
well for water through 125 feet of sand and gravel, without reaching the
rock stratum beneath. The water, when obtained, however, was so
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strongly impregnated with iron that it could not be used. This well was
bored in the ¢ bottom,” or upon the river terrace Although a number
of wells have been bored along this stream to a nearly equal depth, the
rock strata have never yet been reached. The material passed through,
however, is uniformly the same—sand and gravel. Though the bed rock
has not been reached in any of the wells along Eel River, it is evidently
true that the sand and gravel deposits extend to the solid rock, and that
these materials have taken the place of the blue clay, or other glacial
matter, removed by the currents of water.

As frequently stated by writers in these reports, the glacial debris, as
originally transported to this region, consisted of a heterogeneous mixture
of particles, varying in size from the finest dustspeck, invisible to the
naked eye, to bowlders of gigantic dimensions. This vast mass of mixed
material was shoved forward by the irresistible masses of slowly moving
ice; and, as the process of tearing up stratum after stratum of solid rock,
crushing it into pebbles and grinding it into powder, was contiuued for
ages, in regions far north of the limits of this State, the great ice sheet,
slowly moving southward, formed a great continental drag, which pulver-
ized the fragments, and scattered the grist from this mighty mill over the
vast areas that form the plains of Indiana.

Men can scarcely dare to conjecture the duration of the almost infinite
period that elapsed, or the number of slowly plodding centuries that
dragged their ice locked =on by, while the great continent remained fet-
tered in adamantine ice. Men can not comprehend, they dare not at-
tempt to comprehend, the infinite duration of eternity, the limitless region
of space, nor the universal distribution and indestructibility of matter and
force; and the long, almost interminable periods of geologic time are
almost equally incomprehensible. To attempt to fix the limit, this way or
that, or to attempt to fix in years the duration of a geologic period, is the
visionary work of folly. By the brook one may pick up a pebble. Itis
composed of various elements and innumerable atoms of matter. Calei-
um, carbon, silica, iron and other elements enter into its compound. It
is composed of simple, ultimate atoms. They were once all separate, but
no one would dare to attempt to fix the period of time that has elapsed
since the elements in the stone combined to produce the rock.

Calculations and conjectures and guesses are all equally valueless with
respect to the duration of geologic periods, or the actual age of rocke.
It ie useless, then, to speculate upon the length of time that elapsed dur-
ing the great Ice Age in America. The evidences that such a period did
exist are abundant, and the changes wrought upon the surface of a large
part of the continent are of such a character as to force the conclusion
that in duration it was almost measureless. But te fix the limit one way
or the other, to attempt to point to the beginning and the end, in fact, to
attempt to measure its duration in years or centuries, is idle and useless.
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Facts, however, are present that are important and convincing. There
were long and well defined periods of time when almost continuously
uniform conditions prevailed throughout the globe. This is true respect-
ing the temperature and mechanical forces that were in operation during
the Ice Age. Almost uniform conditions prevailed during the vast period
of the Silurian Age. The same is true of the Devonian, Carboniferous
and other periods of geologic time. The present period has been one of
uniform conditions for ages that are measureless to man. The recurring
seasons, spring and summer, fall and winter, with their periodic changes
of temperature and atmospheric forces, with slight seismic and volcanic
disturbances, have continued with uninterrupted regularity for countless
ages. No one will dare to attempt to measure even the length of time
that has elapsed since deciduous trees first appeared upon the earth. How
futile, then, to attempt to measure the expanse of an age that begun
countless centuries before the appearance of the most familiar works of
organic nature.

It is absolutely impossible to measure accurately the duration of the
present age, the Ice Age, or any other geologic period.

Men generally concede that the immense deposits of drift scattered over
a very large part of North America, are of glacial origin. It is assumed
that immense masses of ice accumulated in the elevated regions of Brit-
ish America, and that the force of gravity slowly carried them southward.
The process is supposed to have continued for ages. The thickness of the
vast ice-river was probably hundreds, and, in places, possibly thousands
of feet. In its movement southward with resistless force, it tore up the
strata and carried the loosened fragments along in imbedded ice. It
formed an immense drag that planed off stratum after stratum of solid
rock, and ground the fragments into atoms, scattering the particles over
the vast plains of Ohio, Indiana, Illinois and other States. The entire
body of the drift seems to be a vast body of morainic matter—the chips
and shavings and dust of nature’s workshop. The water from the melt-
ing ice assorted, carried forward and distributed vast quantities of this
morainic matter over regions probably far south of the southern limits of
the glacial ice; hence, we find bowlders and pebbles and other matter
common to the drift as far south as the Ohio River. Igneous rocke of
various kinds, such as are common in the drift, are found scattered all
over the southern part of the State, but these should not be taken to in-
dicate that the continental glacier ever reached the extreme limits at
which they are found.

The modifying forces that have continued to operate since the close of
the Ice Age have materially chunged the character of the superficial por-
tions of the drift deposits throughout their entire extent. This is especi-
ally true with respect to these deposits along their original southern
limits in Indiana, where the residual matter resulting from the disintegra-
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tion and decomposition of the local deposits has become mixed with the
transported glacial matter. But the drift deposits of Miami County are
far removed from the Southern limits of the morainic mass, and if the
great drift beds are, indeed, of glacial origin, then the superficial de-
posits of this county have clearly been derived wholly from the same
source.

With respect to the elements that go to make up the drift formation in
Indiana, the principal are silica, alumina, lime and iron. The silica is
found principally in the clays, sands and bowlders; the alumina in the
clays and bowlders; the lime in the clays, marls, chalk, and the peatlike,
swamp deposits, while the iron is abundant in the swamps in the form of
bog ore, in gravel deposits, and in the clays and water. Other elements
besides these, of course, enter into the composition of the drift, but from
an economic point of view they possess little importance. Of the elements
of the drift mentioned above, the silica and alumina are largely of for-
eign origin. They have been derived chiefly from the destruction of
rocks belonging to other deposits than those found in this State. The
iron, also, might have been derived from the same source, but the lime,
which occurs in the drift in large quantities, in the form of chalk or
marl, or other combinations, has evidently been chiefly derived from the
deposits of limestone occurring in the State. The same forces that broke
up the rocks in regions beyond the limits of the State, and ground the
fragments into dust, continued their operations throughout Northern In-
diana, tearing up the limestone strata and pulverizing the fragments of
limestone as though they were between the stones of an enormous mill.

THE CLAYS&.

The clay deposits extend over the greater part of Miami County. In
some localities the clay beds appear at the surface, and in others layers of
gravel or sand, or accumulations of lacustral matter, or peaty deposits lie
over them.

There is considerable variation in the character of the clays exposed at
different points throughout the county. Mr. John E. Milliron, of Den-
ver, to whom I am especially indebted for valuable information and assist-
ance, has given, for a number of years, great attention to the mineral re-
sources of the county, and especially to the clays. He has collected many
varieties of clay from the northern part of the county, and had careful
analyses made of some of them by competent chemists, and other samples
have been put to careful practical tests. Clay suitable for a good article
of pottery occurs at several points near Denver, while tile and brick clays
of most excellent quality may be found in almost any part of the county.

An ochreous kind of clay, very fine in texture and highly colored with
iron, which makes an excellent mineral paint, suitable for barns, out-
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buildings, bridges and other similar work, is found in inexbaustible quan-
tities. This paint has been used at Denver to some extent, and proves to
have most durable properties. It only needs to be properly mixed with
oil to be ready for use, and is applied with a brush as readily as any other
kind of paint. A profitable industry might be built up in the manufac-
ture of this paint for the purposes mentioned above. Mr. Milliron has
given the matter careful atteation, and his experiments with the paint
have been highly satisfactory in every way.

There is a fine deposit of clay on the farm of Mr. Abram Alley, four
miles northwest of Denver, on Wiesaw Creek, that may be profitably
used in the manufacture of pottery, and is certainly valuable for the man-
ufacture of tile and brick. It burns to a light cream color, stands the
fire well, does not warp materially, and may be burned to any degree of
hardness.

Mr. Milliron found on the same farm a vast quantity of a brownish-
colored clay, which burns to bright red, and makes a most excellent paint.
This same variety of clay occurs also on the farm of Louis Piper, two
miles north of Denver, and on the farm of Wm. Zook, one mile north of
Denver. It also occurs in the vicinity of Chili, in inexhaustible quanti-
ties.

THE SAND.

Sand in vast quantities occurs along the various streawas throughout
the county, and at other points where it occurs in the drift in lenticular
beds. Much of it is valuable for the builders’ use, and it is quite likely
that considerable deposits of it occur that may be successfully used for
the grinding of glass or for moulders’ use. In view of the fact that there
is an increasing demand for glass sand of good quality at the many large
glass factories recently located throughout the gas fields, it is a matter of
importance that careful search should be made for this valuable material
throughout the entire State. At the present time by far the larger por-
tion of all the sand used in the manufacture of glass is transported from
points outside of the limits of Indiana. At a number of points in this
State glass sand of good quality is found in large quantities, and it is
quite probable that it occurs in many other places. Quite an item of
expense might be saved to the manufacturers in the way of freight charges
if sand of suitable quality could be procured in this State, and at the
same time material benefits would accrue to those who might be able to
supply the required material.

IRON ORE.

Bog iron ore in considerable quantities occurs throughout the northern
part of the county. In the earlier days of the county furnaces were in
operation along Eel River, and a considerable quantity of excellent iron
was manufactured, bat owing to the expense of collecting the ore the
furnaces had to be abandoned.
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WATER.

The many streams flowing through the county furnish an ample supply
of excellent surface water for stock, while springs abound in many sec-
tions. Every sand stratum in the drift deposits contain more or less
water, and by boring or digging until a good stratum of sand is found
lying underneath a bed of impervious blue clay, an inexhaustible supply
of excellent water is almost certainly obtained. In many iustances the
. water rises to the surface and flows out, thus forming an artesian well.

In many localities the water is strongly impregnated with salts of lime,
iron or other mineral matter, though, as a rule, these elements do not
enter sufficiently into its composition as to render it unfit for domestic or
manufacturing purposes.

DEPTH OF DRIFT.

South of the Wabash River the drift varies in depth from nothing to
100 feet or more, though it is only along the streams where it bas been
carried away by water that it is wholly wanting. At Bunker Hill, Gas
Well No. 1, it-is 58 feet thick ; at Xenia it is 50 feet thick, while at Am-
boy, midway between the two points, it is 35 feet thick.

The alluvial matter in the Wabash River bottom varies from 5 to 50
feet in thickness. In Gas Well No. 2, at Peru, it is 10 feet thick; in
Well No. 1, Northside, it is 36 feet thick, while at the Bearss Gas Well,
No. 4, bored on the high lands two miles north of Peru; the drift is 324
feet thick. It is quite Jikely that the maximum thickness of drift nortb
of the Wabash River in Miami County will approximate 400 feet in
thickness, even if it does not exceed that depth.

DEVONIAN LIMESTONE.

The only rocks of the Devonian formation that are exposed in the
county occur along Big Pipe Creek from the vicinity of Bunker Hill to
the county line. Following Big Pipe Creek down towards its junction
with the Wabash River, the Corniferous limestones are exposed at many
peoints in Miami and Cass Counties. Near the mouth of the creek,
in Cass County, the waterlime are the surface rocks. North of Bunker
Hill, on Big Pipe Creek, and for a distance of about three-fourths of a
mile along the creek, are almost continuous exposures of Corniferous
limestone.

The larger proportion of the rock along the streams in this vicinity is &
bluish gray limestone, somewhat crystalline in structure, and much of it
is well adapted to rough masonry, such as bridge abutments, foundations
and other similar work. A short distance below the railroad bridge there
is an exposure of a light-gray, shaly limestone, remarkably full of fossils,
many of which are in an excellent state of preservation, Phillipeia bufo
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is quite common in these rocks, in which also occur several species of
Zaphrentis and other cyathophylloid corals. Many species of Spirifere
and other brachiopods are also present. I also found at this outcrop sev-
eral fish teeth, fairly well preserved, and three or four vertebrs. This
exposure of fossil-bearing rocks is very small, and lies immediately upon
massive beds of sub-crystalline limestone.

At Wright's old limekilns, one-half mile below the Champion mills, on
Pipe Creek, there is another exposure of Corniferous limestone. At this
point the exposed strata are about 16 feet in thickness, of which the fol-
lowing is a section :

Gray, fossilliferous limestone . . . . . . . . . ... ... 4 feet.
Bluish-gray silicious limestone (hornstone) . . . . . . .. 12 «
Total . . . . . ¢ i e e e e e e e 16 feet.

The fossil-bearing rocks at this exposure contain the same species found
in the fossil beds near Bunker Hill, but, as a rule, the fossils are not
nearly so well preserved. The fossils serve to show, however, that the
stratum containing them belongs to the same geological horizon as the
Bunker Hill beds.

The silicious strata lying underneath the fossil beds vary in thickness
from three or four inches to a foot or more. They are too cherty for the
builder’s use, except for rough masonry.

About a mile above the * falls” on Pipe Creek there is an old stone
quarry, from which may be obtained building stone of fairly good
quality. This stone is highly crystalline in structure, and has been quar-
ried to some extent for local use under the name of ‘‘ marble.” Blocks
of large dimensions may be obtained, and the quarry might be made
fairly profitable if there were ready means for transporting the stone.
Fossils are quite abundant here, characteristic of the Corniferous lime-
stones, but they are usually so firmly imbedded in the matrix that they

can not readily be obtained.

" Further down the creek, at Stewart’s Mills, in the edge of Cass County,
there are high bluffs of Corniferous limestone, varying but little in gen-
eral characteristics from the crystalline rocks mentioned above. At Cos-
tenborder’s mill, a few hundred yards below Stewart’s mill, there are 20
feet of Waterlime, or Lower Helderburg rocks exposed in the bluffs of
the creek.

As a rule, the Corniferous limestones along Big Pipe Creek are too
cherty and silicious to make good lime, but there are two or three locali-
ties where fairly'good lime has been made of the gray, fossnhferous lime-
stones that overlie the cherty deposits.

There is but little, if any, evidence of disturbance in the Corniferous
limestones exposed along Pipe Creek. The rocks, as a rule, lie almost
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horizontally, although in places there is quite a perceptible dip to the
west or southwest, and occasionally the rocks are slightly inclined to the
north.

The Corniferous limestones were reached in the gas well at Bunker
Hill at a depth of fifty-eight feet, but as the Waterlime and Niagara lime-
stones lie immediately under them, it was found impossible to determine
from the drillings brought up the exact thickness of the Devonian rocks,
on account of the fact that the particles collected were too small to afford
fossils or other distinguishable features of either formation.

WATERLIME.

These rocks are exposed along the Wabash River for a distance of
about a half mile above the Lake Erie & Western R. R. bridge, and
about one mile west of Peru. There are three quarries in operation here—
the Kazell quarry, Brownlee’s quarry, and the O’Dennell quarry. O’Don-
nell’s is the upper and KazeM’s the lower quarry. The position of the
rocks in all these quarries is nearly horizontal, there being but a slight
dip, and that toward the south. The ledges or layers are from three
to sixteen inches in thickness, and slabs may be quarried of any desired
dimensions. The stone is a hydraulic limestone, bluish in color, of fine,
even texture, with occasional dark veins that run parallel with the plane
of stratification. It is well adapted to foundation work, bridge abutments
and all similar work, and, indeed, would make a fair building stone. The
thin layers make a most excellent flagging stone, admirably suited for
gidewalks, for which it is extensively used. The thickness of the exposed
strata is fourteen feet, but the total thickness of the Waterlime at this
point has not yet been ascertained.

The Waterlime, like the Carboniferous limestone, shows very little evi-
dence of disturbance. Wherever these rocks are exposed they appear to
lie just as they were originally deposited. They were evidently deposited
at the close of the period of disturbance that tilted and distorted the Ni-
agara limestones in the immediate vicinity.

NIAGARA LIMESTONE.

Exposures of Niagara limestone occur along Little Pipe Creek near its
junction with the Wabash River, and at several points along the Wabash
River in the vicinity of Peru. The same limestones are exposed at many
points along the Mississinewa River.

At Wallick’s Mill, on Little Pipe Creek, about a mile south of the
Wabash River, and near the Lake Erie & Western R. R. track, there is
an extensive exposure of Niagara limestone. The rocks are tilted and
greatly distorted. The dip varies from 30° to 50°, and the general di-
rection of the incline is to the north or northeast. The rapid dip of the
Niagara here carries it below the level-lying Waterlime at the river near
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a wmile north. The total thickness of strata exposed, measured across the
upturned edges, is about 150 feet. The altitude of the highest Niagara
rocks exposed here is probably 125 feet greater than that of the top of
the Waterlime rocks exposed in the banks of the river. The dip of the
Niagara rocks, as stated, varies from 30 to 50 degrees, while the Waterlime
rocks lie in an almost horizontal position. What dip there is to the Wa-
terlime is to the South. It is probably at the rate of one foot in twenty-
five. In view of the fact that Niagara rocks are more than 100 feet
higher than the Waterlime, and of the rapid dip of the former toward the
north, while the Waterline lies nearly horizontal, can any one question
the fact of the upheaval of the Niagara limestones, and the subsequent
deposition of the Waterlime? The exposure here is no isolated example
of the disturbance of the Niagara strsta. At other points in Miami
County, in Wabash, Huntington, Wells, Adams, Blackford, Carroll and
Newton counties, the same phenomena are exposed. At every point,
almost, throughout all this region, where the Niagara limestones are ex-
posed, they show more or less evidence of disturbance. The strata are
more or less tilted, and broken to a greater or less extent at every point.
In some places the layers of stone are almost vertical, and in others but
little dip is perceptible. In some places the rocks have been so broken
by some crushing destructive force that scarcely a piece can be found
large enough for the builders’ use, while in other localities a slight dip,
and long, frequent vertical seams, with occasional cross seams, are about
the only evidence of disturbance; but throughout the whole extent of
the Niagara exposures in all thia wide reach of territory, the evidence of
a marked disturbance, most general in its character, is everywhere present.

The stone exposed in the vicinity of Wallick’s mill is a grayish colored
limestone, sub-crystalline in structure, and contains many casts of charac-
teristic fossils, the most common of which are Calymene niagarensis, Favo-
sites niagarensis and several species of brachiopods. It makes a very good
quality of lime, and limekilns have been in operation here for many years.

For building purposes this stone is not desirable, although fair founda-
tion stones might be obtained here; but the rough, amorphous condition
of the rocks, coupled with the fact that they are most difficult and ex-
pensive to work, makes quarrying at this point almost wholly unprofitable.

The Niagara limestones are exposed at Trippier’s limekilns, on the south
side of the Wabash River, about one-fourth of a mile east of Peru. The
exposures occur in the bluffs of the stream, and are of considerable ex-
tent. The stone quarried here is used almost wholly in the manufacture
of lime. The kilns are owned by Mr. Charles Trippier, and the lime he
manufactures is of excellent quality. The rocks contain quite 8 number
of fossils, and I succeeded in procuring specimens of Eucalyptocrinus eras-
sus, Caryocrinus ornatus, Spirifera radiata, Spirifera eudora, Calymene
niagarensis and several other species there.
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There is the same distorted condition of the strata here that has been
noted as occurring wherever the Niagara rocks are exposed along the
Wabash River. The rocks are tilted to the extent of about twenty-five
degrees, the dip being west by southwest.

One-fourth of a mile east of Trippier’s, on the south side of the high-
way, occurs another exposure of Niagara limestones. The rocks here are
easily identified by the fossils they contain, the same species occurring as
are found at Trippier's. The rocks at this place are strongly inclined to
the west, probably to the extent of 40 or 45 degrees.

The Niagara limestones are again exposed at the highway bridge over
the Mississinewa River, about one-fourth of a mile east of the exposure
last mentioned. At the bridge, however, the direction of the dip has
changed to the east, showing that there is arch or anticline in the strata
between the bridge and the exposure further west. The dip of the strata
at the bridge is just 25 degrees, the incline having been accurately meas-
ured by Mr. Ed. Hiller, of Peru, with a clinometer. Mr. Hiller is a
very competent gentleman, who has given considerable time to the study
of the geology of Miami County, and especially to the structural features
of the exposed strata. He has examined every outcrop of rocks, and
given particular attention to the tilted and broken strata of the Niagara

up.
gl‘(’)l‘he limestones in the vicinity of the Mississinewa bridge are dolomitic,
occur in thin layers, aud are considerably broken. They are hard, rough
and difficult to work. They are suitable only for foundation work in
masonry, but the thin layers are to some extent adapted to flagging pur-
poses. But few fossils have been found in them, and those were Niagara
brachiopods.

The Niagara limestones are exposed in the banks of the Mississinewa
River at *“The Cliffs,” four and a half miles southeast of Peru. Here
the strata are thip and lie in an almost horizontal position. The strata
are broken by numerous irregular vertical seams. I found no foesils here
myeelf, but Prof. Hooper, formerly City Librarian at Indianapolis, at one
time collected a considerable number of fairly well preserved Niagara
fossils at the foot of the principal ledge of rocks. By the fossils, which,
as stated, were fairly well preserved, Prof. Hooper was able to readily
identify the rocks.

The rocks at the Cliffs are Dolomitic limestones, hard and sub-crystal-
line in structure. They are only fit for foundation work or flagging, and
have never been quarried to any great extent for any purpose. The total
thickness of the strata exposed here is about twenty-five feet.

About a mile below the town of Peoria, and a short distance above the
second bridge across the Mississinewa River, occurs another exposure of
Niagara limestone. The rocks exposed at this point form the north bluff
of the stream. The thickness of the exposure is about forty feet, and
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extends for a fourth of a mile or more along the stream. The bottom
layers are cherty limestone about twenty feet in all, with about twenty
feet of heavy bedded stone above. The exposed rocks lie in the form of
an arch, with the strata dipping east and west from the center.

At Peoria there are limited exposures of Niagara limestone, containing
much chert, along the west bluff of the stream. The total thickness of
the strata exposed here is about thirty-five feet, but the points of exposure
are small, the rocks being covered by accumulations of clay and soil—the
debris forming a steep slope. 4

The next exposure of rocks along the Mississinewa occurs about one
mile above Peoria, and one-eighth of a mile east of the Miami County
line, in Grant County. The rocks are exposed on the north side of the
stream, the thickness of the strata being about forty-five feet. There isa
southeasterly dip at this place of about ten degrees.

The Niagara limestones of Miami County do not possess the properties
of valuable building stone, although they may be profitably used for
foundations, or other rough work. The Waterlime rocks near Peru,
however, are much better even for the roughest work, consequently there
have been no special efforts made to develop a quarrying industry along
the Mississinewa River.

For the manufacture of lime the Niagara limestones furnish excellent
material at many points along the Wabash and Mississinewa Rivers, and
several parties have made profitable use of the advantages afforded.

NATURAL GAS,

The citizens of Miami County were among the first in the State to begin
an active search for natural gas. When the fact became known that gas
was to be found in paying quantities in this State, by drilling down to the
Trenton limestones, the citizens of Peru promptly organized a stock com-
pany with sufficient capital, and at once began to prospect for the valuable
fuel.

As no one was able to determine beforehand just where gas was to be
found in commercial quantities, the rule over the state was to locate the
first well at a spot most convenient for piping. If gas was not found in
the first attempt a second effort would be made and the next well located
at some little distance from the first. With the knowledge obtained by
drilling the first well, the second was usually completed in less time, and
at a reduced expense. Advantage was taken of every fact bearing upon
the conditions under which gas was found in localities that produced it
abundantly, and a second, third or fourth well was usually located with
reference to the structural features of the surface.

The first well drilled for gas in Miami County was located in the north-
ern part of the city of Peru. The altitude of the surface at this well is
657 feet above sea level. The following is a record of the strata passed
through in drilling :
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SECTION OF WELL No. 1, PERU.

Alluvium—River drift . . . . : . . . . . . .. . ... 36 feet.
Niagara limestone . . . . . . . . .. ... .. .... 385 «
Hudson River and Utica . . . . . e e e e e e e e e e 454 «
Trenton limestone . . . . . . . . . . . . .« . .« .. 30 «
Total depth. . . . . . .. .. ... ... ... 905 «
Top of Trenton below sealevel . . . . . . . . . . ... 218 «

In this well a small quantity of petroleum was found at a depth of 880
feet, five feet below the top of the Trenton limestone. Salt water in large
quantity was struck at 900 feet—25 feet in Trenton. It failed to produce

Well No. 2 was located just south of the city, and about one and one-
fourth miles from No, 1. The altitude of the surface at well No. 2 is 700
feet above sea level. The following is a record of the strata passed through
in this well :

SECTION OF STRATA IN GAS WELL No. 2, PERU.

Soiland gravel . . . . . . .. .. ... « « 10 feet.
Waterlime and Niagara limestone . . . . . . . . .. .. 410
Niagara (?) Shale . . . . . .. ... ... ...... 46 “
Clinton (?) limestone . . . . . . . . . I 1
Hudson River and Utica . . . . . . . . ... .. ... 449 «
Trenton limestone . . . . . . . . . .. e e e e 2T
Towaldepth . . . . . . ... e e e e e e 956 ¢
Top of Trenton belowsealevel . . . . . . . .. .. .229 ¢

Failing to get gas in well No. 2, the prospectors concluded that it was
not to be found in large quantitics in the immediate vicinity of the city.

The next point selected was on the Yonce farm, about seven miles
south-east, and in the direction of the Amboy and Xenia gas fields. The
following is a section of the Yonce well, No. 3:

SECTION OF GAS WELL, No. 3.

Drift . . . ... .. ... e e e e e e e e e e 70 feet.
Limestone—Waterlime and Niagara . . . . . . . . .. 490
Hudson River limestone andshale . . . . . . . . . .. 250 ¢
Utica shale . . . . . . e e e e e e e e e e e 150 «
Trenton limestone . . . . . . . . . . . . ... ... 42 «
Total depth . . S 1,002 «

The altitude of the surface at this well was never accurately measured,
go that the depth of the top of Trenton below sea level could not be de-
termined. Gas was obtained in quantity sufficient to make a flame four
or five feet high. Salt water was struck at a depth of 1,000 feet, 40 feet
in Trenton, and raised to the surface, but did not flow out.
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By comparing the sections given of wells Nos. 1 and 2 at Peru, it will
be observed that the top of Trenton limestone is 11 feet lower in well No.
2 than it is in No. 1, as compared with sea level. Wherever the rocks
are exposed along the Wabash river, near Peru, there is a west by south-
west dip, and in some places the tip is very rapid, showing facts of remark-
able disturbance. As well No. 2 is south of No. 1, this west by south-
west dip carries the Trenton of well No. 2 to a lower geographical hori-
zon than that of its occurrence in No. 1. Investigations of the prospectors
in the vicinity of Peru led them to conclude that owing to the tilted and
broken condition of the strata in the neighborhood of the city, the proba-
bilities were that if gas ever had been confined in the strata of the Trenton
limestones in that vicinity, it had virtually all escaped through the cracks
and fissures of the upturned strata. The results of the drilling of wells
Nos. 1 and 2 showed a considerable dip of the rocks toward the south.
It was thought, therefore, that the summit of an arch in the strata might
be found by going some distance north, consequently well No. 4 was
located upon the Bearss farm, about three miles north of the city. At
this well an extraordinary thickness of drift was found over the stratified
rocks.

The following is a section of the strata encountered in the Bearss well :

SECTION OF THE BEARRS WELL, No. 4.

Drift . « « . v v v ot e e e e 324 feet.

Niagara. . . . . . .. ..o oo 379 «

Hudeon River and Utiea . . . . . . . . . . ... .. 307 «

Tremton . « . « ¢ v ¢ v o v vt e e e e 31 «
Total depth . . . . . . . ... ... ..... 1,041 «

DepthtoTrenton . . . . . . . . ... ... 1,010 feet.

Altitude of surface . . . . . . . . . . . .. 767 «

Top of Trenton below sea level . . . . . . . 253 “

No gas nor oil was found in‘this well.

Wells Nos. 1 and 4 were the only ones bored north of the river in Miami
county. The experiments so far made demonstrated the fact fully that
gas was not to be found in paying quantities in the immediate vicinity of
Peru. The citizens, therefore, concluding that gas was a necessity,
promptly proceeded to organize a company with sufficient capital to drill
wells in the developed gas area in the extreme southern part of the county
and pipeit to the city. Thisline was projected to the vicinity of Xenia and
completed some months ago, and the city is now as well supplied with gas
for all purposes as any city in the State.

The company was organized with a capital stock of $100,000, but the
total amount required to drill the wells, lay mains and distribute the gas
exceeded $200,000. More than forty miles of pipe are used in principal

18—GroLoay.
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and distributing mains. The company has facilities for extending their
mains to the center of the gas area, and Peru is assured of natural gas in
abundance as long as the great reservoir of Indiana continues to supply it.

BUNKER HILL GAS8 WELL.

The Bunker Hill well was drilled in 1887. There was a careful record
kept of the strata encountered in drilling the well, by Professor Neff,
superintendent of schools at Bunker Hill.

The altitude of the railroad track near the well is 837 feet above sea
level. The surface at the well is about six feet lower, or 831 feet below
sea level. '

The following, by Prof. Nefl, iz a record of the strata enoountered in
drilling the Bunker Hill well:

SECTION BUNKER HILL GAS WELL.

Drift—soil, clay,sand,ete. . . . . . . . . .. ... .. 58 feet.
Limestone, Corniferous, Waterlime, Niagara . . . . . 503 «
Hudeon River limestone and shale . . . . . . . . . .. 889 ¢
Uticashale. . . . . . . . . ... ... ... ... 42 «
Trenton limestone . . . . . . . . .. ... ..... 12
Totaldepth . . . .. ... ... e e e e e 1,004 “
Top of Trenton belowsea level . . . . . .. .. ... 161 «

This well produced no gas nor oil, but salt water was struck in the
Trenton, which raised to within 20 feet of the surface, or to an altitude
of 811 feet above sea level.

GAS AT AMBOY.

There are several strong natural gas wells at Amboy and vicinity. The
first well drilled there produced near 2,500,000 cubic feet of gas every
twenty-four hours. The gas was perfectly dry and free from oil. This
well was drilled in the fall of 1887. As there is but little difference in
the thickness and character of the strata encountered in the several wells
drilled in that vicinity, the “ log” of well No. 1, at Amboy, will be given
as an example of all:

SECTION OF GAS WELL No. 1, AMBOY.

Drift . . . . . . . o e 35 feet.
Waterlime and Niagara limestone and shale . . . . . . . 350
Hudson Riverand Utica . . . . . . . . .. ... ... 522
Trenton limestone . . . . . . . .. . ... ..... 33 «

Totaldepth . . . . . L 940 ¢



@EOLOGY OF MIAMI COUNTY. 187

In this well the drill passed through about 85 feet of shale near the
bottom of the Niagara. This was followed by 12 feet of limestone, pos-
sibly Clintom, whlch contained a large amount of salt water. This salt
water was cased off, after which the drillers had no further trouble on
account of water. At the time this report goes to press there are some
five or six productive gas wells in the vicinity of Amboy. The depth of
Trenton limestone below sea level is 100 feet in Well No. 1.

GAS8 AT XENIA.

Xenia was the first point in Miami County to secure natural gas. The
first well was drilled there in the summer of 1887. The following record
* of Well No. 1, at Xenia, fairly illustrates the character of the strata in
that locality :

SECTION OF GAS WELL No. 1, XENIA.

S ) 4 feet
Gravel . . . ¢ . . e e e e e e e e e e e e e e 46 «
Waterlime . . . . . . . . . . i i e e e e e e 31 «
Niagara . . . .« o v v v v v i v e e e e 238 «
Hudson Riverand Utica . . . . . . . .. ... ..., 587 ¢
Trenton limestone . . . . . . . . .. ... ... ... 31 «
Totaldepth . . . . . .. .. . ... ...... 937 «
Altitude of surfaceat well . . . . . . . . . ... ... 815 «
Trenton belowsea level . . . . . . . . . . ... . ... 91 «

The flow of gas from this well was rather weak. Water was reached
in the Trenton limestone soon after gas was found, and, risiﬁg in the bore
above the gus-bearing stratum, materially checked the flow of gas.

Water was found in the Niagara limestone, but this was cased off, and,
rising outside of the casing, flowed out in a strong stream.

The second well drilled at Xenia wasa strong one, yielding dry gas in suf-
ficient quantity to supply the entire town.

The Peru Company has drilled several wells in the vicinity of Xenia,
some of which are very powerful. As a rule the wells drilled in this
locality are dry, that is, there is not much, if any, water found in the
Trenton rocks.

The exgerlments of the citizens of Peru, and of the towns in the south-
ern part of the county, were valuable to science, in that they demon-
strated, or defined, rather, the northern limits of the gas area in that re-
gion They most clearly demonstrate the fact that gas is not to be found
in paying quantities along the Wabash River, nor near it.

On the farm of Mr. Al. Morris, two and a half miles south of Peru,
well was bored for water to the depth of 100 feet. Solid rock was not
penetrated, but a strong flow of gas was found at the depth of 100 feet.
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When lighted the flame was three or four feet high, and barned continu-
ally. The gas was probably generated in one of the so-called bauried
swampe, common in the drift of Indiana.

ARCHEOLOGY.

The Aborigines of Miami County left but few monuments to perpetu-
ate their memory. Occasional mounds are about the only earthworks,
and these, or the greater part of them, are in the southern part of the
county. As a rule the mounds obeerved are merely small, conical hil-
locks, varying in height from two to five feet, and in diameter from twenty
to fifty feet.

Implements of stone are not rare, but they are by no means so plenti-
ful as they are in some other parts of the State. Stone axes of the grooved
pattern are sometimes plowed up in the fields, or picked up in other places,
and the smooth form of axe, or scraper, peeler or flesher, as it is some-
times termed, are frequently found. Flint arrow and spear heads of vs-
rious patterns, including the barbed, stemmed, rotary, serrated, triangular
and leaf-shaped forms, are common, though not plentifal.

Pottery has only been found in fragments, and pipes are very rarely
found. Perforated and polished pieces are rare. The Indian or Mound
Builder of Miami County was an economical kind of a citizen, and did
not throw his implements of war or the chase away recklessly.
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BY 8. 8. GORBY.

The application of natural gas to economic use for heating and lighting
purposes, at Pittsburgh, Pa., a few years ago, soon resulted in a complete
revolution of the fuel business in that city and vicinity. The new fuel
was so readily adapted to all kinds of manufacturing, it was found to be
so cheap and convenient that it at once supplanted all other kinds of fuel
in use. The ““City of Smoke,” on account of the cleanliness of natural
gas as a fuel, become immediately a city of sunshine.

Careful experiments were made in every line of manufactures, and it
was found that natural gas answered nearly all the purposes of wood, coal
and coke. The value of the new fuel having been ascertained, an active
search for it was at once commenced in every locality that gave a promise
of success. It was known that gas abounded in the petroleum-producing
areas of Penneylvania, and into those fields the drillers again entered, and
began their search for gas with the same energy and success that attended
the pioneer efforts of the oil drillers during the earlier periods of the oil
excitement. The Murraysville and other gas fields' contiguous to Pitts-
burgh, were developed immediately, and pipes were laid to convey the
gas to the city.

The appliances and fixtures for the use of natural gas in furnaces,
stoves, etc., are simple and cheap, and easily adapted to furnace, stove or
grate. Various devices have been invented for the use of gas in stoves
and grates, and where the plumbing is properly done, accidents can only
occur on account of the gross carelessness of those who start the fires.
Automatic regulators bave been applied, by which the temperature of a
room may be continued at the same degree, with scarcely any variation, for
an indefinite period of time. The cheapness of natural gas, together with
its convenience, makes it the most desirable fuel known. It requires no
store-house, nor handlers, produces no ashes nor other waste matter, and
if proper care is exercised, may be used for domestic or manufacturing
purposes with as much safety as any other fuel.

The demand for gas in the Pennsylvania areas is enormous, and the
supply is fully equal to the demand—hundreds of millions of cubic feet
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being consumed daily. From the Pennsylvania fields the search for gas
extended to portions of New York, Ohio and West Virginia, resulting in
the discovery of large areas of gas-producing territory in each of those
States. The gas-producing rocks of New York, Pennsylvania, West
Virginia and Eastern Ohio, as the developments exist at the present time,
extend from the base of the Coal-Measures down to and include the De-
vonian. The gas-producing rocks of Western Ohio and Eastern Indiana
lie far below in the Lower Silurian formation. The petroleum and gas of
Western Ohio and Fastern Indiana have been derived from the decompo-
gition of organic remains that were deposited in the sediment that now
forms rocks vastly older than the rocks of the Pennsylvania fields. Many
layers of impervious shales and other rocks lie between the horizons of the
gas-bearing rocks of Indiana and those of Pennsylvania.

The paleozoic rocks of Indiana, the only rocks that are exposed at the
surface in this State, or that are penetrated by the drill in boring for gas
or water, with their superincumbent deposits of drift, consist of the fol-
lowing series:

Quarternary . . { Drift,sand, gravel and clay . . . . . . . .. 0 to 400 feet.
Upper Coal-Measures . . . . . . ... ... 50 to 196 «
Coal- Measures . { Middle Coal-Measures. . . . . . . .. ... 600 to 888 «
Lower Coal-Measures—Conglomerate. . . . . 60 to 210 «
r Chester sandstones and limestones . . . . . . 0to100 “
8t. Louis limestones andshales. . . . . . . . 0to 330
Sub-Carboniferous { Keokuk limestones . . . . . . . ... ... 6to 106 “
Burlington limestones (?) . . . . . . . . .. Oto 20 «
Knobstone—sandstone. . . . . . . . . . .. 12t0 532 «
. Genessee, Hamilton and Marcellus shale . . . 60to 420 “
Devonian. . . . Corniferous limestone-. . . . . .. . ... 5t0 84
[ Lower Helderberg—Waterlime . . . . . . . Oto 80
Upper Silurian . { Niagara limestone . . . . . . . ... ... 20 to 728 ¢
1 Clinton limestone . . . . « « « « ¢ ¢ ¢ o & Oto 40 «
[ Hudson River limestone and shales . . . . . 185 to 716 «
.. Uticashales. . . . . ... ... ..... 25t0 380 «
Lower Silurion - 1 ronion limestones . « « « « « « . . .\ . . 451 t0 626
L Potadamsandstone . . . . . . . s 0 0 . 0. 800 to — “

In the series of rocks given above the maximum thickness of the dif-
ferent groups is given in the last column. The drill within the last year
has shown that the Devonian shales are ahout three times as thick in the
northern part of the State as they were supposed to be, estimating from
the known thickness of these rocks further south. The Niagara lime-
stones and shales, also, are more than twice as thick in the northern and
northeastern parts of the State as they are in the central part of the State,
where their thickness was known. The drill has shown, too, that the
Hudson River limestones and shales have a maximum thickness of more
than 700 feet in the eastern part of the State, and the Utica shales have
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a total thickness of about 400 feet in many places. Summarizing, the
geological formations of Indiana, so far as known at the present time,
have a maximum thickness as follows :

Drift . . . & o o o e e e e e e e e e e 400 feet.
Coal-measures . . . « . . « .« « 4 a4t .0 .. 1,300 *
Sub-carboniferous . . . . . ... .00 1,100 “
Devonian . . . . .« . v . . e i e e e e e e e 500 «
Upper 8ilurian . . . . . . . . .. e e e e 850 «
Lower Silurian to bottom of Trenton . . . . . . . . .. 1,720 «
Total « « v v v e e .. . 5970

Natural gas, in greater or less quantities, is found in every county in
Indiana, and it is well known that it occurs in every geological formation
from the drift down to and including the Trenton limestones. Through-
out several counties of the State it is found in the Trenton rocks in enor-
mous quantities The Trenton rock gas-producing area of Indiana is one
vast, connected field, embracing more than a dozen counties and contain-
ing an urea of about 5,000 square miles. Throughout all this area the
initial pressure, or rock pressure, is about the same. The average press-
ure is about 320 pounds. Where the gas-producing rock is quite porous,
and has a thickness of several feet, the closed pressure will run to 320
pounds, or there about, in one or two minutes. Where the rock is very
close in texture it requires several hours to accumulate the same pressure.
In some instances even days would be required to accumulate the maxi-
mum pressure. But where wells all draw from the same reservoir, as all
the wells of Eastern Indiana evidently do, if the wells are all shut in for
a considerable length of time they will all finally show about the same
pressure in pounds.

When gas was first found in Indmna, at points considerably remote
from each other, various inaccurate methods were adopted to ascertain the
initial pressure of the gas, and it was thought by many that this pressure
determined positively the amount of gas that would flow from a well in a
given time. For instance, it was thought that a well showing 200 pounds
pressure on a steam gauge would flow twice as much gas as one measur-
ing only 100 pouids, and if a well of 100 pounds pressure would flow
1,000,000 cubic feet per day, then a well of 200 pounds pressure would
flow 2,000,000 cubic feet per day and so on.

The inaccurate measurements and estimates reported were calculated
to create the impression that there is a multiplicity of gas reservoirs in
the State, with initial pressures varying from 200 pounds to 600 pounds
per square inch. More careful measurements, however, have recently
been made, and these show that the initial pressure of the great Trenton
rock gas field of Indiana is about the same at all points, viz., about 320
pounds per square inch. This immense field, extending from Portland to
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Kokomo, and from LaFontaine in Wabash County, southward 1o Green-
field, Morristown, Greensburg, and even to Lawrenceburg, expanding, to
some extent, beyond all these points, evidently consists of one vast con-
nected reservoir. If all the wells within this vast area were kept closed
for a period of several days, there would be but little difference of press-
sure shown by the gauge after the full accumulation of gas had been
secured in each well.

While the initial pressure of the gas (that is, the pressure'of the gas in
its compressed condition as it is confined in the rocks) determines to a
large extent the volume of gas that issues from a well, there are other
conditions existing which also largely determine the amount of gas which
flows from any well. One of these conditions, and one, too, of the
utmost importance, is what is termed the porosity of the rock that forms
the reservoir. It has been claimed by some geologists of eminence that
porosity is a condition unknown in limestones; in other words, it has been
denied that there are such things as porous limestones. It is quite clear
that those who entertain such an opinion have never had an opportunity
to examine the fragments of rock brought up by the sand pump from-the
Trenton limestone, nor pieces from the same formation that have been
blown out by the gas. The gas-producing rock is composed of small
granular crystals, varying in size, and the manner in which the crystals
unite and interlock forms a net-work of small interstices, which are the
so-called pores. All our limestones are porous to a limited extent. They
will all absorb more or less water and gas or air, and any rock that will
absorb gases or liquids is porous. Where the rock is very close in tex-
ture, however, it so obstructs the movement of gases through its mass
that, although the initial pressure of the gas confined within it may equal
the maximum, the flow of gas from such rock will necessarily be small.
A very open, porous rock permits free movement of the gas and makes a
strong well, while a close grain or texture will obstruct the flow largely,
and the result is a small well.

In addition to the initial pressure of the gas and the porosity of the
rock, there is one other thing essential to the largest productiveness of a
well, and that is & conriderable thickness of porous rock; and to insure
the largest returns the drill must penetrate entirelysthrough the porous
rock. The gas-producing stratum of Trenton rock in Indiana varies
greatly in thickness. In some localities the porous rock is only a few
inches or a few feet thick, while in other localities it is twenty-five or
thirty feet thick. All will readily recognize the fact that where two wells
are drilled into rock of exactly the same texture, and where the initial
pressure of the gas is the same in each, that if in one the drill penetrates
twenty feet of porous rock, and in the other only four feet of porous rock
is passed through, that the flow of gas will be several times as strong from
the first well as from the second. The three things, then, that modify
the productiveness of a gas well are:
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First. The initial pressure of the gas.
Seeond. The porosity of the rock.
Third. The thickness of the porous rock.

The horizon of the gas in the Trenton limestones of Indiana is near the
top of the formation. If gas is not found within a few feet of the top of
the series, it is not found at all in paying quantities. And I have ob-
served in this connection that wherever, in Indiana, a porous rock is
found immediately after reaching Trenton, gas is always present in pay-
ing quantities. If the rock is moderately close in texture a small flow of
gas is obtained, and where the rock is very close no gas is found. A
slight flow of gas, from a moderately close-grained rock, may, in many
instances, be made a paying well by exploding a heavy cartridge of nitro-
glvcerine in the bore at the horizon of the gas. If the well has been
drilled to a considerable distance below the gas horizon, it is necessary to
pack it below, so that the cartridge will rest exactly at the horizon of the
gas. The effect of the discharge is to shatter the rock for several feet in
every direction from the bore, which will permit a freer and much stronger
movement of the gas. The volume of escaping gas is, as a rule, greatly
increased by the explosion. In some instances, wells that could scarcely
have been termed paying, have been made very valuable by shooting.

Another condition necessary to secure gas in large quantities is an im-
pervious covering of shale, or other rock. The reservoir must also be
bounded on every side by impervious strata, and the underlying rocks
must be equally impervious. The reservoir must consist of porous rocks,
bounded above and below, and on every side, by impermeable strata. The
covering must be sufficiently thick to give the necessary weight to com-
press the gas, and confine it. These conditions are absolutely necessary,
for without them the gas would expand to an unlimited extent, and its
value would be wholly lost for economic purposes.

THE ORIGIN OF GAS.

It is generally recognized among geologists and others that gas and
petroleum have the same, or a common, origin. The two substances are
always found associated together, sometimes both occupying the same
reservoir, and again seemingly occupying separate but closely connected
reservoirs. They have a vertical range through all formations of strati-
fied rocks. Indeed, they seem to be wholly confined to the sedimentary
deposits. The drill has penetrated the azoic rocks in many places, but I
bave yet to learn that gas or petroleum has ever been found in quantity
below the sedimentary accumulations. In view of these facts, the con-
clusion must be that gas and petroleum have had their origin in the rocks
that confine them. From what substances, then, have gas and oil been
derived? The ocly known substances that could be drawn from by
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nature, at the present day, in the manufacture of oil or gas, are animal,
vegetable or mineral. It is well known that all forms of organic matter
contain more or less of the elements of both oil and gas. Many forms of
animal life, and many forms of plant life, are large oil producers. All
forms of -organic matter decompose spontaneously, and it is well known
that, in the decomposition of matter, gas is generated. It is also well
known that vast amounts of organic matter, both animal and vegetable,
were deposited with the sediment that forms the stratified rocks. During
many periods of the formaton of the sedimentary rocks, organic matter
decomposed very slowly. 8o slow, indeed, did the bodies decompose,
that, as atoms were eliminated, one at a time, in the form of gas, an atom
of mineral matter, lime or other substance, slipped into the place made
vacant by the eliminated atom, and, being held firmly in its new position
by chemical forces, served to preserve exactly the structural appearance
of the animal or plant. Thousands of species of aniwnals and plants have
been found in a fossillized state in the stratified rock deposits. They
begin with the oldest of our formations and continue to the latest. Thou-
sands of distinct species have been found in a fossilized state, but tens of
~ thousands of species, perhaps, have perished—wholly decomposed—and
left no trace of having existed, further than that which is found as resid-
ual oil or gas. In the breaking up of organic matter under the natural
process of decomposition, a considerable proportion of oil and gas is the
result. The process of nature is disintegration, decomposition, complete
separation into elements; the elements enter at once into new combina-
tions, new compounds, new forms of plant life, new forms of animal life;
death, decay and dissolution again, and so the round continues.

0Oil (petroleum) and natural gas are the imprisoned elements of decomposed
organic bodies. If organic bodies decompose upon the surface, or in shal-
low water, complete dissolution takes place. Tissue and fiber of every
kind, every portion of the body except the mineral matter, is resolved
into gas, escapes into the air and is distributed over the surface of the
earth. Precipitated by the rainfall or other forces, it mixes with the soil
again, is absorbed by the plant again, the plant is eaten by the animal,
which in the course of nature dies, decomposes, and the elements are
freed again in the form of gas, to go the round again and again. But,
where organic bodies perished and were buried under conditions that did
not permit immediate decomposition, where they were buried under ac-
cumulations of sediment in seas, lakes or lagoons, and shut off from the
air—hermetically sealed, as it were—decomposition was not completed for
ages. The accumulated super-lying deposits excluded the air and pre-
vented complete decomposition. If decomposition was complete the pe-
troleum would all be resolved into gas, for gas is near the ultimate limit
of nature’s analytical work. Where organic bodies decomposed slowly,
under heavy accumulations of sediment, decomposition was not perfect.
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The oil (petrolenm) was not all resolved into gas, nor was the generated -
gas permitted to escape. The super-lying accumulations formed an impen-
etrable covering, confining both oil and gas to their original horizon.

As before stated, petroleum and gas are but the imprisoned elements of
decomposed organic bodies. They are the result of chemical decomposi-
tion by Nature’s ordinary process, hence we find both oil and gas through-
out all formations of sedimentary rocks. Under favorable conditions de-
composition is very rapid ; under other conditions it is inconceivably slow.
Organic bodies, whether animal or vegetable, buried far beneath the sur-
face, where the air is almost wholly excluded, remain in an unchanged
condition for almost infinite periods of time. For example, it is no unu-
sual thing to find trunks of trees, or even the branches, twigs and leaves
of plants, a hundred or more feet beneath the surface of the drift deposits
in Northern Indiana. Though this vegetation bas lain in its clayey or
sandy matrix, far beneath the surface of the earth for probably thousands
of years, much of it is yet in a well-preserved condition, although, by in-
finitely slow processes, it is surely decomposing—changing into petroleum
and gas. Proof of this fact is constantly being produced. Much of this
ancient vegetation accumulated around the margins of, and in, the beds
of lakes and swamps at the close of the drift period. The surface of the
drift area, at the close of the glacial period, consisted of high hills aud
ridges and low valleys and gorges. In the valleys and gorges, and in and
around the swamps and lakes, vegetation with the advance of genial gea-
sons, accumulated in vast quantities. By the erosive force of time the
hills and ridges were leveled, the valleys and gorges were filled with the
accumulations washed in from the hillsides, and the masses of vegetation
were buried beneath the accumulated debris. It is no unusual thing for
well-drillers, in Northern Indiana, to strike these buried swamps in drill-
" ing wells. At depths varying from thirty to one hundred feet they fre-
quently reach masses of buried vegetation that are from ten to fifteen feet
in thickness. In connection with these buried masees of vegetation fre-
quent accumulations of gas are found. Throughout all of Northern In-
diana, where there is a considerable depth of glacial deposits, and over a
considerable portion of Illinois, in Kansas, Wyoming and other sections,
gas is found in varying quantities in the drift. In many localities wells
of considerable volume have been found. This is notably the case in
some portions of Illinois, Kansas and Wyoming. The gas is usually
found immediately upon reaching the ancient swamp bed, or its horizon.
The strongest flows are obtained from the strata of sand that formed the
marging-of ancient lakes or swamps, and which form perfect reservoirs
for the gas. Beneath the swamp beds and sand margins of the lake beds,
there are usually thick layers of blue clay, which are compact and wholly
impervious to gas, oil or water. There is no evidence in any instance
that these accumulations of gas in ‘the drift have been derived from any
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‘other source than the decomposition ot the vegetable matter that was
buried in the ancient swamp beds. In every instance that has come un-
der my observation, the drift reservoir is one of very limited extent—a
mere ‘‘ pocket” that is soon exhausted. In some instances the flow is
quite strong at first, but diminishes rapidly, and soon seems to cease alto-
gether. But it often occurs that after the gas seems to be wholly ex-
hausted in these wells, slight flows are noticed occurring at irregular in-
tervals, as though the process of generation is still going on. It is certainly
quite true, in these instances, that after the first flow of gas has appa.
rently exhausted the well, and subsequent slight flows occur, that the later
flow is an accumulation from the continued decomposition of the buried
vegetable matter.

The gas of the drift deposits is derived from the decomposition of buried
vegetable matter. Much of this buried matter is not yet wholly de-
composed ; the process of decomposition under natural processes is still
going on, and in the drift area, gas, and probably petroleum, in places, is
still being generated. The vegetation from which the gas is derived ac-
cumulated upon the margins of, and in small swamps and lakes that were
hemmed in by steep hillsides. The gas reservoirs are-small, and the
supply necessarily limited. As already stated, thick layers of bowlder

clay lie below the gas-bearing sands, and as a general thing clay accumu- .

lations of varying thickness lie above.

It is quite often assumed, when small pockets of gas are found in the
superficial drift deposits, that the gas has escaped from a leak in the rocks
below, and that by drilling in the paleozoic rocks the principal reservoir
may be found. Frequent attempts have been made, at various points in
1ndiana, to find the reservoir that was supposed to lie below, but, in every
instance, so far, that has come to my knowledge, the efforts have been
futile. All the gas confined in the drift has been generated from decom-
posed organic matter that was buried in the drift deposits.

It will scarcely be denied that the drift gas has had its origin in the
manner indicated above. It has been generated by nature’s simple, only
process—chemical or spontaneous decomposition. The drift gas, to a
practical extent, is identical with the Sub-Carboniferous and Trenton gas.
Some little difference of environment has changed the chemical qualities
to some extent, but virtually there is but little difference between the one
and the other. No two contiguous gas wells will produce gas consisting
of exactly the same chemical elements, even in the Trenton rocks. There
is a difference between the Trenton and the shale gas, and between shale
gas and gas from a sandstone reservoir, but the difference is the Tesult of
environment, very slight at most, and may not be attributed to method
of origin. Possibly, however, gas derived wholly from decomposed ani-
mal matter would vary considerably in chemical constituents from gzas
generated from some form of vegetable matter. However, the question
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is not one of elements, but of origin, and the conclusion seems forced
that the gas of all geological formations has been derived from organic
matter, both animal and vegetable, by nature’s simple method, spon-
taneous decomposition.

All the sedimentary rock formations were, during the period in which
they were deposited, in exactly the same condition that the bottoms of
our existing seas, lakes and lagoons are now. The bottoms of ancient
seas and other bodies of water consisted of vast accumulations of sand,
of oozy, black accumulations of finer silicious particlés, or vast areas of
great depth composed of decomposed and decomposing shells; the surface
of the shell deposit being composed wholly of masses of living shell fish.
Otbher areas consisted of smaller proportions of shell fish in various con-
ditions, from living animals to the dead, decomposing and wholly decom-
posed remains, mixed with which were larger or smaller proportions of
impurities of various kinds. Those areas where the remains of shell fish
accumulated to the exclusion almost of every other kind of material, after
the lapse of ages, and under natural processes, hardened into almost pure
carbonate of lime. Where mineral impurities, to a greater or less extent,
were mixed with the accumulations of decomposing shells, the cemented
mass became an impure limestone, magnesian limestone, silicious lime-
stone, argillaceous limestone or shale.

The immense accumulations of sand became sandstone, and the areas
of finer silicious deposits, areas where various kinds of mineral matter in
the finest state of mechanical separation, with which were sometimes
mixed vast amounts of vegetuble matter, were the principal deposits, be-
came shales.

The pure limestones are derived almost wholly from the decomposition
of organic bodies, of which the bony outside skeleton, the shell, formed
by far the larger portion. It is no unusual thing to find layers of lime-
stone several feet in thickness that are composed wholly of fossil shells in
a good state of preservation. It is said by anatomists that a bony skele-
ton consists of mineral and animal matter. The animal matter is the
gaseous portion, or the portion that is resolved into gas when decomposi-
tion takes place. The skeleton of a shell-fish also consists of mineral and
animal matter—the mineral matter forming the larger portion. Aside
from its shell, the mollusk contains but a small per cent. of mineral mat-
ter—the remainder resolving into gas upon decomposition. The purest
limestones, the carbonates, are remarkably free from vegetable remains.
The organic forms that entered into their composition were almost, if not
wholly, animal. Hence, if a reservoir of gas is found which is confined
wholly to a stratum of carbonate of lime, the inference is that the gas
confined within it was derived almost exclusively from the decomposition
of animal remains. And so with a formation containing remains princi-
pally of a vegetable growth. The inference is that the gas from that
horizon is derived largely from the decomposed vegetable matter.
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Some of the Devonian and other rocks contain a large proportion of
bituminous matter, oil and gas, that has evidently been derived in part
from the decomposition of cryptogamous plants—the alga of the sea—
and in part from decomposed animal remains. Some of the Devonian
shales contain both animal and vegetable remains in large quantities.

Petroleum and gas, being confined exclusively to the sedimentary rocks,
have certainly originated in the rocks that confine them. Organic matter
contains all the elements of petroleum and gas. All stratified rocks con-
tain greater or lesd quantities of organic remains. Since organic bodies
are known to possess all the elements of petroleum and gas, and since it
is known that petroleum and gas are confined to those rocks that contain
organic remains, the conclusion is forced that the gas and oil have been
derived from the decomposition of organic matter.

After concluding that petroleum and gas have been derived from de-
composed organic matter, and recognizing the fact that all stratified
deposits contain organic remains, the question arises: Why may not gas
and oil be found in all the sedimentary deposits? Or why may not oil
and gas be found in one portion of the Trenton rock as well as another?
It is probably true that about as much gas was generated in one locality
asanother, and in one horizon as another ; but the gas in different horizons
was generated under different conditions. In those localities where little
or no gas is found in the rocks, the probability is that the organic matter
deposited with the material that forms the rocks decomposed about as fast
as it was deposited, and the gas escaped as fast as decomposition took
place. At those localities where gas is found in paying quantities the ac-
cumulations of sediment deposited with the organic bodies was sufficient
to bury the matter before decomposition took place, and sufficiently heavy
when decomposition did occur to confine the gas, and, to a certain extent,
to prevent, or to retard for a long period, at least, the complete analytical
work of nature. The petroleum, distributed largely through all the sed-
imentary rocks, having an origin common with gas, is but a residual por-
tion of organic matter that is still undergoing a change from a compound
to the simplest state of nature. Wherever petroleum exists in the rocks,
the process of decomposition is still going on; the oil is being slowly but
continually resolved into gas.

While it is a recognized fact that the limestones form the reservoir in
which the gas in the great Indiana field is confined, it is highly probable
that the greater proportion of it, by far, was derived from the super-lying
black shale of the Utica group. These shales, asa rule, are highly bitumin-
ous, and are probably not only the source of the gas in the Trenton rocks,
but the petroleum as well,

" Along the Ohio River, in Harrison County, Indiana, and more espec-
ially along the opposite side of the Ohio River, in Meade County, Ken-
tucky, there areabout thirty wells producing gas in quantities varying from
a few thousand to four millions or more cubic feet per day,and all the
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gas is derived directly from the Devonian black shales. The shales, them-

selves, form the reservoir. These shales, of course, are not crystallized
and porous, like the limestones, but they consist of ‘innumerable, slate-

like layers, and the gas is confined in the spaces between the layers. On

account of these structural features of the shales, shooting the wells in this

region has not been productive of satisfactory results. As a rule, the flow

of gas has not been increased by the explosion.

The fact, that in this region the gas is confined wholly to the shales,
leads strongly to the conclusion that it has had its origin in the immediate
reservoir that confines it, more especially since these shales are known, at
every point of exposure, to be highly bituminous.

PERMANENCY OF THE GAS SUPPLY.

The thing next in importance to securing natural gas in available quan-
tities is to secure a permanent supply, and perhaps no question is more
frequently asked concerning gas than this: *“Will the supply be perma-
nent—will it last?” No means are at hand yet to determine this matter.
The extent of the reservoirs is not absolutely known. The porous rock,
however, that forms the reservoir is known to be but a few inches thick in
some localities, and to be as much as twenty-five or thirty feet thick in
other places. In undeveloped places the porous stratum may even exceed
thirty feet in thickness. If the generation of gas is not going on at the
present time at a sufficiently rapid rate to keep up the initial pressure in the
reservoirs, then the supply will be exhausted after a time. In the older
rocks petroleum is undoubtedly the only source from which gas is being
derived at the present time. There can be no doubt of this. It hasbeen
shown to some extent, in the discussion of the origin of gas, that both
substances, petroleum and gas, are intimately associated together in the
rocks, and that they have a common origin. The process of decomposi-
tion is never completed until the elements that enter the structure of or-
ganic bodies are resolved into their simplest form. Petroleum is a residual
portion of organic matter confined in the laboratory of Nature upon which
the disintegrating forces are still operating. The work of nature, in this
particular, is not yet complete, and will not be until all the petroleum
distributed through the rocks is resolved into gas. While this work is
still going on, the stock of gas upon which enormous draughts are made,
and which are likely to be increasing for a considerable length of time,
will be, to a certain extent, replenished. But it is not at all probable
that the amount of gas generated from petroleum will nearly equal the
quantity drawn from the reservoirs by artificial means. Indeed, it is highly
probable that the natural waste of gas is greatly in excess of the amount
generated from all sources. There is a tendency of the gas to expand to
extreme tenuity. There is a repulsive force operating upon the mole-
cules of matter in a gaseous form that tends to produce the most extreme
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subtilty in this fluid. It is this repulsive force, this tendency of the gas
to expand to almost unlimited extent, that forces it out through the mi-
nute interstices—the* pores of the rocks. It acts upward and downward,
and in every direction with exactly the same energy. This force is suf-
ficient to carry the gas out through the rock in every direction, and the
expansion is only limited when an area of wholly impervious rock is
reached. Where there are fissures in the rock extending from the gas
reservoir to the surface, or where the porous rocks extend to the surface,
the gas finds its way to the atmosphere, where it is immediately dissipated.
It is this same tendency of gas to expand that gives it a force sufficient to
lift several hundred pounds per square inch, Confined in its reservoir of
rock the gas is compressed to an enormous extent. There is no means of
determining the capacity of the interstices of a cubic foot of porous rock
that forms the gas reservoir. \When the exact limits of a gas area are
known, and when the average thickness of the porous rock is known, the
capacity of a gas reservoir may be estimated to an approximate degree,
but it will never be possible to estimate to any satisfactory extent, the
capacity of the interstices that contain the gas. If it was known just
how many cubic inches of gas in its compressed state there are in a cubic
foot of porous rock, and if it was known, too, just how many cubic feet of
gas those cubic inches are equal to, reduced to atmospheric pressure, then
we could determine, approximately; how many thousand of millions of
cubic feet of gas there are in a reservoir.

The statement is frequently made by writers in newspapers that the
natural tendency of oil and water is to move downward, and of gas to move
upward in the rocks. This statement is not in a strict sense correct. The
tendency of gas and every other substance is downward, in the direction
of the center of the earth, in obedience to the law of gravitation. The
tendency of gas is to expand equally in all directions until complete sep-
aration of elements is attained. When gas is brought to the surface and
comes in contact with the atmosphere it moves upward, but not because
there is a natural tendency in the gas to do so, but because there isa law
which draws the air, a heavier substance downward. The atmosphere
displaces the gas and lifts it upward, just as a piece of cork is lifted to the
surface when sunk to the bottom of a tank of water. There is no ten-
dency on the part of a piece of cork to rise in water, but the law of gravity
draws the water, which is the heavier substance in proportion to its bulk,
downward, and the cork is lifted by the water. Cork will not remain sus-
pended in the air for the reason that it is heavier in proportion to volume
than air. Air is heavier in proportion to volume than gas, consequently
the latter is lifted by the former. There is no tendency of the gas to move
" upward farther than that produced by the law of expansion.

" An idea prevails, to some extent, that when gas escapes to the atmos-
phere it is carried upward, and being lighter than air, it remains forever
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afloat on the surface of the heavier substance, and is wholly lost to the
earth. It is more probably true that the gas is carried to an altitude
where the tenuity of the air equals or exceeds that of the gas; to an alti-
tude where the point of ultimate expansion may be attained. At this
elevation complete separation of elements takes place, and the particles
fall back to the earth again as simple, ultimate atoms.

It is certainly true that all gas reservoirs, upon which draughts are
made, will be wholly exhausted after a time. Whether that time will be
extended to a long period, or limited to a few years, is yet to be deter-
mined. Even if the generation of gas from petroleum is equal to the
natural and artificial waste, the supply of gas is certain to be exhausted
at some period, for the stock of petroleum will be entirely dissipated after a
time. But the probabilities are that the amount of gas being generated in
the rocks from all sources is inconsiderable in comparison with the enor-
mous quantities that are drawn off by natural and artificial agencies.

No satisfactory method of ascertaining the amount of gas stored in
nature’s reservoirs has yet been suggested. I think, however, that by a
series of carefully made experiments, continued through several months
of time, that it is possible to determine approximately how long gas may
be secured in paying quantities. Assuming that the Trenton rock gas
area of Indiana consists of one vast connected reservoir, which is evi-
dently true, these experiments should be made at several different points
at the same time, say, for instance, at Kokomo, Noblesville, Marion, An-
derson, Greenfield, Muncie and Portland. If the initial pressure of the
gas is accurately ascertained at one of the average wells at each of these
points, at the same time, say September 1st, and the pressure of each of
these wells is accurately taken again in three months, and once every
three months thereafter for a considerable perivd of time, it can be ascer-
tained to a certainty whether the initial or rock pressure is diminishing
any or not, and exactly to what extent. Also, at the time the initial
pressure is taken, the volume of gas escaping from the wells should be
accurately measured. A series of such experiments will determine
. whether the amount of gas flowing from the wells is diminishing or not,
and, if so, to what extent. Such measurements willl give the ratio of
decrease both in initial pressure and volume of gas. Having the ratio of
decrease, an appreximate estimate of the durability of the wells can reddily
be made.

Since it is altogether probable that the Trenton rock gas area of In-
diana is one vast, connected reservoir, conta‘ining, possibly, more than
4,000 square miles, the stores of natural gas contained within it must be
enormous; certainly enough, if used economically, to last the population
for many years. But the certainty that the supply will be exhausted
after a time, lfowever remote that may be, must be clearly apparent to
any one who has given the subject any careful thought.

14—GEeoLoGY.
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The importance, then, of husbanding the supplies and guarding care-
fully against any unnecessary waste ought certainly to be appreciated by
all.  One million cubic feet of gas is worth one hundred dollars in gold.
For the past six months there has been an average waste of about 100,-
000,000 cubic feet of gas per day in Indiana.* This is worth $10,000 in
currency or coin. The volume of gas wasted in the last six months is not
less than 15,000,000,000 cubic feet, worth $1,500,000. Is not such ex-
travagance wrong? Is it not foolish? Many of the wells have been
thrown wide open and the gas allowed to burn as an advertisement. Is
not such advertising too costly? No operator would think of setting fire
to his coal mine merely as an advertisement, and yet the volume of gas
escaping from an average well in Indiana is equal to 250 tons of coal per
day for heating purposes. The daily flow from an average gas well in
this State, at a coal value, is worth $625 Can a city or town afford to
pay $625 per day for advertising ?

Whenever a well is drilled into Trenton rock, or any other rock con-
taining gas, and a satisfactory flow is obtained, it should be immediately
packed and securely capped in. If it is an average well it is worth to
the consumers six hundred dollars per day. To the owner it is stored
wealth which he is certain to realize at no remote period. If it is allowed
_to flow out and burn or waste for six weeks, it is worth $25,000 less to
the owner, for that is the value of the gas that will escape in that length
of time.

The fact that Indiana has an enormous reservoir of natural gas is every-
where recognized at the present time.. There is not an intelligent manu-
facturer nor-other well-informed citizen in the United States that is not
aware of it. The enormous flame produced by a well yielding 5,000,000
cubic feet of gas per day is a great advertisement of the capacity of the
well, but the intelligent manufacturer or capitalist who views the mon-
strous flame, and is informed that it has been burning with undiminished
vigor for a month, mentally calculates that in that length of time $15,000
worth of gas has been consumed, consequently the amount of gas that
can be delivered to the consumers from it is diminished to the value of
$15,000.

" If used economically the supply of gas is not likely to be exhausted for
years to come, but it is certain that the entire accumulation will fail sooner
or later. Extravagant waste, therefore, is foolish and criminal.

The foregoing chapter on the permanency of the gas supply was written
in November, 1887. The developments of the past year have established
the fact that the supply of gas is gradually diminishing in all the wells.
This is not noticeable as yet, perhaps, in the stronger wells, since no ac-
curate methods have been used to determine the facts, but in many of

° This part of the Report was \‘nritu;n_il':—Novémber, 1887,
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the smaller wells the volume of gas produced daily has greatly dimin-
ished. I have data at hand, which, perhaps, need not be published in
detail here, but which show positively that the volume of gas produced
daily, not only in the wells of Indiana, but in those of Ohio and Penn-
sylvania also, is gradually diminishing. And while, in most instances,
the volume of gas is not diminishing at a sufficiently rapid rate to produce
immeditae alarm on account of the apprehension of an early exhaustion of
the supply, the fact is clearly apparent that the entire supply of gasin the
present fields, if the present dégree of consumption and waste is continued,
will become wholly exhausted in a few years. It is important, therefore,
that great care should be exercised in husbanding the supply, and econ-
omy should be practiced in the use of it.

At this time, as this report goes to press, the large wells have all been
closed in and the gas confined, but there are yet many small wells which
the owners have not deemed it worth while to cap nor confine, and the
gas flowing out of them is assisting in the gradual exhaustion of the en-
tire field. The average daily waste at this time probably approximates
10,000,000 cubic feet. If possible, legislative enactment should compel
the owners to securely cap all wells, and properly confine the gas within
a reasonable length of time after they are drilled. Since the Indiana gas
area evidently consists of one vast, connected reservoir, it is undoubtedly
true that a single well, in time, would exhaust the entire field. It is
true that the fee simple of land entitles the owner to all the minerals or
other substance that lie beneath the surface, to whatever distance he may
penetrate, and none may question his rights, but if his lands adjoin a
lake of water around which other farms are situated, and upon which
other farmers depend for water, he has no right, in law, to drain the lake,
even if the ditching may all be done upon his own land, and thus deprive
the joint owners of their'rights. And so no one should be allowed to
wastefully drain the great gas reservoir, which is common to all, for the
reason that he not only exhausts the reservoir situated under his own
land, but that under his neighbors’ land also.

It occurs to me that a law might be enacted that would deprive no in-
dividual of his rights in the legitimate use and sale of gas, but would, at
the same time, restrain him in the extravagant use ard waste of it.

THE ANTICLINAIL THEORY.

All the largely productive gas areas, so far developed, lie in regions of
ancient disturbance. This is true of the Pennsylvania and Ohio fields,
and Indiana also. Wherever these disturbances occur they usually ap-
pear as long, elevated ridges with intervening troughs or valleys. The
arches, or ridges, are termed anticlines and the troughs synclines. Through-
out the Indiana gas area the accumulations of foreign material transported
to this region during the glacial period, have covered, to a large extent,
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the sedimentary rock deposits, and but few exposures remain at which ex-
aminations can be made. However, along the Wabash, Salamonie and
Misgsissinewa Rivers, and other streams, the exposures are frequent enough

~ to permit satisfactory examinations. To any one who will take the trouble.

to examine the rock exposures along the Wabash River and other streams
in that region, the fact will at once be manifested that a series of disturb-
ances extends entirely across the State of Indiana, which, in a general
way, follow a northwest and southeast course. This area of disturbance
consists of a broad arch in the western part of the State, while in the
eastern portion it spreads out into a wide table-land. The eastern portion
of the arch, the table-land, is the area in which the natural gas reservoir
occurs.

Concerning the connection of anticlines with the accumulation of nat-
ural gas, in areas affected by slight upheavals, Prof. I. C. White, of the
U. 8. Geological Survey, who first presented the anticlinal theory to the
public, in a paper published in Science for June 26, 1885, says:

““The writer’s study of this subject began in June, 1883, when he was
employed by Pittsburgh parties to make a general investigation of the
natural gas question, with the special object of determining whether or
not it was possible to predict the presence of gas from geological structure.
In the prosecution of this work I was aided by a suggestion from Mr.

. William N. Earsman, of Allegheny, Pa., an oil operator of many years’

experience, who had noticed that the prlnclpal wells then known in West-
ern Pennsylvania were situated close to where anticlinal axes were drawn
on the geological maps. From this he inferred there must be some con-
nection between the gas wells and the anticlines. After visiting all the
great gas wells that had been struck in Western Pennsylvania and West
Virginia, and carefully examining the geological surroundmgs of each, I
found that every one of them was situated either directly on, or near, the
crown of an anticlinal axis, while wells that had been bored in the syn-
clines on either side furnished little or no gas, but in many places large
quantities of salt water. Further observation showed that the gas wells
were confined to a narrow belt, only one-fourth to one mile wide, along
the crest of the anticlinal folds. These facts seemed to connect the gas
territory unmistakably with the disturbance in the rocks caused by their
upheaval into arches, but the crucial test was yet to be made in the actual
location of good gas territory on this theory. During the last two years
I have submitted it to all manner of tests, both in locating and condemn-
ing gas territory, and the general result has been to confirm the anticlinal
theory beyond a reasonable doubt.

““But while we can state with confidence that all great gas wells are
found on the anticlinal axes, the converse of this is not true, viz: that
great gas wells may be found on all anticlinals. In a theory of this kind, the
limitations become quite as important as, or even more so than the theory
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itself, and hence I have given considerable thought to this side of the
question, having formulated them into three or four general rules (which
include practical]y all the limitations known to me, up to the present time,
that should be placed on the statement that large gas wells may be ob-
tained on anticlinal folds), viz:

*‘(a) The arch in the rocks must be of considerable magnitude. * * *

*(b) Very fair gas wells may also be obtained for a considerable dis-
tance down the slope from the crest of the anticlinals, provided the dip be
sufficiently rapid, and especially if it be irregular or interrupted with
slight crumples. . And even in regions where there are no anticlinals, if
the dip be somewhat rapid and irregular, rather large gas wells may
occasionally be found, if all the other conditions be favorable. ¥ * *

*“The reason why natural gas should collect under the arches of the
rocks is sufficiently plain, from a consideration of its volatile nature.
Then, too, the extensive fissuring of the rocks, which appears necessary to
form a reservoir for a large gas well, would take place most readily along
the anticlinals, where the tension in bending would be greatest.”

The foregoing quotation from Prof. White is a brief statement of the
anticlinal theory. The stratified rocks, which were originally deposited
in a nearly lexel plain, or, at least, with only such irregularities in struc-
ture as invariably occur in sea bottoms, either by upheavels from beneath
or contraction of the earth’s volume, have in many places been wrinkled
up. If the corrugations were produced by contraction of the earth, they
are certainly wrinkles. These wrinkles consist of a series of arches (an-
ticlines) and grooves (synclines). Where the wrinkles appear in the sur-
face deposits, it is known that they continue downward through all the
sedimentary rocks. The surface of the rocks is generally covered by ac-
cumulations of transported material or the local residum of disintegrated
and decomposed rocks, so that examinations have usually to be made
along the streams where the erosions have denuded the rocks. Bluff es-
carpments frequently show exactly the amount and direction of the dip.

Where disturbances have produced low folds in the strata, and have.
not been sufficient to totally upheave the rocks and fracture them so as to
permit the gas to escape, the effeet upon the position of the fluids confined
in the strata is supposed to be quite marked. The average thickness of
the porous, gas-bearing stratum of Trenton rock in Indiana is in the
neighborhood of twelve feet. This rock in some localities contains gas,
oil and salt water. If the stratum was lying in a horizontal position the
water would naturally settle to the bottom of the porous rock, and the
interstices of the lower part of it would contain nothing but water. The
petroleum, which is lighter than water, would fill the interstices in the

i rock just above the salt water, and gas would occupy the upper portion
- Yof the stratum, being lighter than either water or oil.

Now, what would be the effect upon the relative position of the sub-

stances, gas, oil and water, if by the contraction of the earth’s volume or
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upheaval, or other force, the strata were forced into a series of wrinkles
or corrugations? Manifestly the water would work its way down the
inclines and fill the lower portion of the synclines or troughs. The oil
would finally adjust itself to a position just above the water in the syn-
cline, or along the slope of the anticline, and the gas would occupy the
summit of the anticline. This would all probably occur where a stratum
of porous rock was wholly filled with salt water, petroleum and com-
pressed gas. While the disturbance that affected the position of the rocks
in the Indiana gas area undoubtedly date back to the close of the Niagara
period, it is evidently true that the generation and accumulation of petro-
leum and gas in the Trenton antedates even the formation of the Niagara
rocks by ages. The petroleum and gas were probably generated long
before the beginning of the Niagara period, hence the disturbances that
affect the structure of all the strata at the close of the Niagara period had
no agency in the generation nor accumulation of the Trenton gas. But
the change of structural conditions, affected by the disturbance, had the
effect of modifying the relative position of the various fluids confined in -
the rock reservoirs. Water, the heaviest fluid, occupied the trough; gas,
the lighter, accumulated in the arches, and the oil was forced into the
intermediate position. The facts developed in Indiana, though not wholly
conclusive, are largely corroborative of this view. Where the disturb-
ances were of such a nature as to wholly upheave the strata, or to fracture
them to a great extent, as was the result along the Wabash River, the
gas escaped to the atmosphere and was at once dissipated.

It does not, as a necessity, follow that gas will be in all arches, nor that
water will be in all synclines, but where the porous stratum, before the
disturbance occurred, contained gas, petroleum and water, the different
substances will be found occupying positions relatively as stated. Where
no water is present, the oil, if any, will occupy the syncline. If neither
water nor oil is present, then the gas will permeate every portion of the
porous rock, syncline as well as anticline, and the pressure will be just as
strong, and, other things being equal, the flow will be just as great from
a syncline as from an anticline. In areas where the organic remains de-
composed as fast as deposited the gas escaped as it was generated ; hence,
however favorable the structural conditions may be, no gas is to be found
in such rock. This is the case, usually, where areas occur in which the
limestones are nearly pure carbonate. There was no accumulation of
transported sediment sufficient to bury the organic remains deep enough
to prevent immediate decomposition, nor to confine the gas. Strata, con-
sisting largely of carbonate of lime, have, so far, yielded but small sup-
plies of gas.

As a rule, the larger supplies of gas are found in anticlinals in this
State, though by no means is it to be found, always, in the higher Tren-
ton rocks,
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A practical application of the anticlinical theory, in the location of gas
wells, may result greatly to the advantage of the explorer, will surely do
so if the theory is true, and, in any event, I can not see that any harm
can result from prosecuting the work on the supposition that the theory is
true. The boring of a gas well, in undeveloped territory, is largely an
experiment at the best; and, inasmuch as it is confidently asserted by
some experienced, practical geolegists, who have given the subject the
most thorough investigation, that where gas is contained in a reservoir,
the largest accumulation invariably occurs in the anticlinals, prudence
should dictate the location of a gas well on an arch.

The accumulations of drift are usually so great throughout the Indiana
gas area, that, as a rule, it is impossible to determine the location of an
arch in advance of drilling. The anticlines, in a general way, have a
northerly and southerly direction, but in many instances they go zigzag-
ing in various directions. It is also quite probable that throughout the
Indiana gas area there are many rounded cone-like elevations of the
strata, more like a hill than a continuous arch. These elevations would,
of course, be governed by the same conditions that prevail in the arches.
The larger flows of gas might be expected from the crown, or summit of
the elevation.

Opinions, similar to those entertained by Prof. White, are entertained
by many eminent, practical geologists, men who have investigated the
subject in a practical way most thoroughly; while a number of others,
equally prominent in the profession, are of the opinion that practically
the anticlinal theory possesses no importance whatever. The discussions
of the geologists are important in this, they tend to more thorough inves-
tigations of the subject, and a final development of the truth.

THE SEA LEVEL THEORY.

In the productive gas area of Indiana the Trenton rocks are found at
geographical horizons varying from 158 feet above sea level to 1,072 feet
below it. The higher level is at Lawrenceburg, in Dearborn County, and
the lower one at Auburn, Dekalb County. The largest well drilled at
Lawrenceburg to date flows 1,240,000 cubic feet of gas per day, while
the best well at Auburn produces probably not less than 2,000,000 cubic
feet per day. The Trenton limestone, in all the larger producing wells
of the State, is found at a horizon varying from sixty to seventy feet
above sea level to 110 feet below, except at Lawrenceburg, where, as
stated, it is 153 feet above, and at Auburn and other points in Dekalb
County, where it is from 1,050 to 1,200 feet below sea level. In the
great gas vells of the Ohio field. Trenton rock is found at from 300 to 400
feet below sea level. In Ohio the geographical oil horizon lies a little
below that of the gas, and the salt-water horizon is just below the oil.
As yet no great gas reservoir has been found in the Trenton limestones
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where these rocks lie at a greater depth than 1,200 feet below sea level.
Gas has been found at many points, both in Ohio and Indiana, at greater
depths than 500 feet below sea level, but none of the wells are of the
first nor even the second class, perbaps, except those at Auburn and
vicinity. At well No. 1, Ft. Wayne, Trenton rock was found at a depth
of 693 feet below sea level. A sufficient amount of gas was obtained
from this well to run the engine for drilling well No. 3, when piped about
one-half mile. The initial pressure of the well is 160 pounds. Gas and
oil both have been found at Bryan, Williams County, Ohio, where the
Trenton limestone is found at about 1,200 feet below sea level. In well
No. 3 the gas was found at a depth of 2,035 feet, and the drilling con-
tinued to the depth of 2,092 feet.

Prof. Orton, of Ohio, has entertained the opinion that neither gas nor
oil would be found in paying quantities at greater depths than 500 feet
below sea level. If he is correct in this view, which is generally referred
to as ‘‘ The Sea Level Theory,” for the field at Auburn may be a single
exception, a great deal of money may be saved by first obtaining a
knowledge of the geology of a locality in which it is proposed to bore a
well.

An examination of the evidence upon which this theory is founded
shows that it is wholly of a negative character, the same kind of evidence
precisely upon which was founded the opinion which prevailed among
geologists a few years ago, that neither gas nor oil were likely to be found
in paying quantities in the Trenton rocks. When gas and oil were actu-
ally found in large quantities in the Trenton rocks the facts were accepted
and the theory abandoned. When gas was found in the Trenton rocks
geologists readily accounted for its presence there, for it was undoubtedly
derived from the decomposition of organic matter deposited with the sedi-
ment that formed the Trenton limestones or the overlying shales. All
admit now that there is gas in the Trenton rocks, and there is a general
agreement upon its origin. Since it is known that these rocks contain
gas and oil, and the origin of these substances seems plain, is there any
reason why they should be limited to any particular geographical horizon ?

It does not occur to me that structural disturbances assisted in any way
in the generation of gas. The disturbances that affected the strata of
Ohio and Indiana occurred long ages after the accumulation of gas and
oil in the Trenton rocks. The effect of the disturbances was to increase
the capacity of the reservoir in some places and diminish it in others.
Water flowing into the synclines expelled the gas from them and forced
it into the anticlines; but the elevation of an area, like the Indiana
plateau, did not affect the accumulation of the gas in a general way. The
gas confined in the rocks accumulated there while they were in their orig-
inal position—before any disturbance took place. The Trenton rocks of the
Indiana gas area have been elevated above their original position from one
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hundred to three hundred feet. The gas reservoir, with its confined gas,
‘was raised with them. Had the disturbance never occurred, the gas would
still be retained in the rocks. Along the Wabash River, near the north-
ern rim of the reservoir, the disturbances were of such a nature as to
fracture the strata greatly, and tilt them to various angles, thus permit-
ting the gas to escape. The evidence is clear that the accumulations of
gas along the Wabash River escaped through the numerous fissures in the
rocks ages ago. If the Trenton rocks of Indiana and Ohio were all
lying in their original position, whether that was one hundred.or one
thousand feet below sea level, the gas would still be confined within them.

The conditions that prevailed at the time the organic matter was de-
posited from which the gas was derived are the only ones that affect gas
accumulations. If the matter decomposed as fast as it was deposited, the
gas ‘was immediately dissipated. Wherever the sediment accumulated
above it sufficiently to prevent immediate decomposition, the gas was
generated hy slow degrees, and is yet confined in the rocks, except in
localities where local disturbances have fractured the strata, and per-
mitted it to escape. :

The gas horizon of Indiana, varying from one hundred feet above to
twelve hundred feet below sea level, and-that of Ohio varying from three
to four hundred feet below sea level, are mere accidents of structure which
in no way affected the generation, por general accumulations of gas and
oil. It is possible, of course, that gas may rarely, be found in large
quantities at greater depth than five hundred feet below sea level, but
the cause must be attributed to other conditions than the structural fea-
tures. Organic matter formed a portion of the sediment throughout the -
entire extent of the Trenton limestones, and, indeed, all other limestones.
The author of the *Sea Level Theory” is among those geologists who
agree in the conclusion that gas and petroleum are derived from decom-
posed organic matter. Since it is well known that vast amounts of or-
ganic matter were distributed through nearly every portion of the Tren-
ton rocks, why is it not as likely that gas may be found in that formation
one thousand feet below sea level as that it may be found at from one

- hundred to five hundred feet below? The rock assumed its crystalline,
porous structure when the gas was generated. No subsequent structural
changes ever occured to create the crystals and interstices. The decom-
position of the organic matter, the generation of petroleum and gas, and
the crystallization of the rock, all occurred at the same time. Gas and
petroleum could not have remained in the rock without the interstices to
contain them, nor could the decomposition of matter have taken place
after the crystallization and perfection ot the rock. The Indiana plateau
and the Obio plateau are structural features that came into existence long
after the gas had accumulated in the Trenton rocks. May there not be
other areas, then, where structural disturbances never occurred to a great
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extent, where large quantities of gas may yet be found in the Trenton

rocks, even though the deposit may lie one thousand feet or more below

- sea level? Or may it not be found in other formations of sedimentary
rocks, where they lie one thousand or two thousand feet above the level
of the sea?

The fact that the surface of the Trenton limestone in the Indiana gas
area lies from one hundred feet above sea level to twelve hundred feet be-
low it, and that the surface of the same formation throughout the Ohio
gas area lies from three hundred to four hundred feet below sea level, is
a fact of coincidence merely, and not one that is related in any way to
the generation nor accumulation of gas. The conditions that prevailed at
the time the rock material was accumulating at the sea bottom, and those
alone, affected the gas and petroleum accumulations. Wherever the con-
ditions were favorable for the rapid decomposition of matter, the gas all
escaped ; but, where the accumulations of mineral matter were sufficient
to cover the organic bodies completely, decomposition was slow, and much,
if not all, the gas is yet confined in the rocks. -

The horizon of salt-water is as variable as that of the gas and oil. At
Tipton, Ind., salt-water was found at a depth of thirty-three feet in Tren-
ton rock—one hundred and sixty feet below sea level; at South Bend
salt-water was found at a depth of about a thousand feet below sea level
in the same rocks. Ocean level does not in the least affect the vertical

_ distribution of water, oil nor gas. The salt-water, the brine, found in
the Indiana rocks is confined in local pools or reservoirs, and is not gener-
ally distributed. Wells have frequently been bored to the depth of one
thousand feet, or more, below sea level, in this State, without finding it.
It is an element that certainly does not affect the gas accumulations in this
State to any measurable extent, though in some localities it is likely that
the gas is slightly compressed by hydrostatic pressure.

Gus and petroleum are found only in the sedimentary rocks. They
were derived from the decomposition of organic matter that was buried
with the sediment that forms those rocks. They are not confined to any
particular geological nor geographical horizon. The only conditions which
governed the accumulation of these substances were those that prevailed
at the time the rocks were forming.

The finding of gas at a particular horizon at one point in Indiana does
not prove that it will be found where the same rocks approach the same
horizon at another point. Neither does it prove that gas will not be found
at places where the same rocks are reached at an altitude one thousand
feet lower.
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CONTRACTING FOR WELLS.

By far the larger proportionof the wells drilled for gas-and oil in In-
diana have been drilled under the direction of local stock companies. As
" a general thing the Board of Directors, acting for the company, has con-
tracted with a practical workman, who is to drill a well to a certain depth,
or to a certain depth in Trenton rock, for a specified sum of money. It
s quite often the case that the contract between the parties is so indefinite
in its terms that serious misunderstandings arise, and serious controversies,
and sometimes lawsuits, are the result. All contracts should be so ex-
plicit in their terms as to be readily understood, and to admit of no mis-
construction. Before a well is drilled it should be ascertained as nearly
as possible how far it is to Trenton rock, or any other rock that it is de-
sired to penetrate, and the contract made for a specified depth, with a
provision to continue the drilling to a greater depth, at a specified price
per foot.

In several instances serious trouble has arisen where the contract re-
quired that the well should be drilled to a fixed number of feet, or fifty
feet into Trenton rock. In these instances the trouble grew out of differ-
ence of opinion as to the identity of the strata passed through. The con-
tractors claimed that their contract was complete when Trenton rock was
reached, and a mistake in the identity of the strata by one party or the
other caused the trouble.

In one instance in the northern part of this State, a contract required
the well to be drilled 1,600 feet, or fifty feet into Trenton rock. At the
depth of 550 feet the contractor claimed that he had struck Trenton rock.
He continued the well to the depth of 615 feet, and then stopped, claim-
ing that he had completed the contract. A serious controversy arose
which was not settled for several weeks, and resulted in a great loss to
both the company and contractor. In this instance the contractor was
mistaken, for the bottom of the well at 615 feet was just 1,200 above the
Trenton rocks.

Another instance, to still further illustrate, occurred rather in the south-
eastern part of the State. In this case the well was to be drilled fifty feet
into Trenton rock. Trenton rock was found at 550 feet, but the company
failed to identify it, and compelled the contractor to go nearly a hundred
feet deeper, after he had actually completed his contract.

Many other instances might be mentioned where serious losses have
been sustained by one party or the other, or both, on account of defective
contracts.

There is no occasion for contracting to have a well drilled fifty feet into
Trenton rock. The approximate depth to Trenton rock may be easily
ascertained in any county in the State. Where a company determines to
have a well drilled, they should ascertain, as nearly as possible, the depth
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to the rock they wish to reach. Then contract for the well to be drilled
to that depth for a fixed sum, with a provision that if it is desired to
continue the drilling to a greater depth, it shall be done at a specified
price per foot.

It frequently occurs that trouble arises over the ownership of the casing
and drive-pipes that are used in the construction of a well. It is usually
understood that if the well proves to be a paying one, that is, if it yields
gas sufficient to justify piping, the drive-pipe and the casings become the
property of the company, otherwise, they may be retained by the con-
tractor. Several wells have been drilled in this State from which a very
small flow of gas was obtained, so small, indeed, that it could hardly be
determined whether it would pay to lay the pipes and incur the other ex-
penses necessary to put it in use or not. The indefinite terms of the con-
tracts, in many of these cases, have caused aggravating disputes, and, in
a few instances, law suits. All these disagreeable complicat.ions may be
avoided if the parties to the contract will ts]'(e the pains to have a com-
plete understandmg beforehand.

Drive-pipe is necessary in the construction of a well. It is the large
pipe, usually eight inch, that is driven down through the surface soils,
gravel and clays, to protect the well against accidents of caving in, etc.
Wherever drift accumulations occur, drive-pipe is absolutely essential, and
it must extend down to the solid rock. If the well is started on solid
rock, drive-pipe is unnecessary. As drive-pipe costs from $1.40 to $1.50
per lineal foot, and the amount required to theroughly protect the wells
throughout the drift area of Indiana varies from a few feet to four hun-
dred feet, or more, it becomes an item of considerable importance to both
the driller and the company. In every case it should be definitely settled
beforehand who is to retain possession of the drive-pipe. If the well
should prove to be wholly unprofitable, of course the company do not
need it, and the driller can readily pull it out and use it again. Perhaps
the better way is for the contractor to furnish all his own materials in
drillling a well, and, in the event that the company desire to use the well,
they-should pay him a reasonable price, previously agreed upon, for both
drive-pipe and casing.

The casing, usually 5§ inches in diameter, is the pipe that is put down
inside the drive-pipe, and extended through the limestones or water-bear-
ing rocks, to shut off the water. It can not be determined positively be-
forehand how much casing will be required.

In the southeastern part of Indiana but very little is necessary, but in
the northern part of the State 1,200 or 1,300 feet has sometimes been re-
quired. The cost of 5§ inch casing is from fifty to sixty cents per lineal
foot. When a great amount of it is used the cost is considerable. The
casing, like the drive-pipe, is useless to the company if the well is not
profitable, while the contractor can readily draw it out and uge it again.



NATURAL GAS AND PETROLEUM. 213

Another source of disputes is the work of packing and anchoring the
well after securing a proﬁta.ble supply of gas. When Trenton rock has
been reached, and gas in paying quantities obtained, it is necessary that
the well should be properly packed and securely anchored.. The packing,
as it is termed, is the process of confining the gas in a pipe of convenient
size from which it may be conducted to the mains for use.

Packing pipes of sizes varying from one inch to four inches in diameter
are used. The size of the packing pipe is governed by the productiveness
of the well. This pipe is put down inside of the casing, and extended to
the gas reservoir. The packer, a device usually madeof rubber, is placed
around the pipe just at the bottom of the shales, and so adjusted as to
completely shut of the gas from the outside of the pipe, thus securing the
well against any waste.

Anchoring is the process of securing the packing pipe, or the casing, if
no other pipe is used, so that it will not be left out of place by the com-
pressed gas when the well is completely closed. As a rule the drillers
consider their contract complete when the required depth is reached,
though they sometimes perform the labor of packing and anchoring the
well, the company furnishing the materials. It is more frequently the
case, however, that the packing and anchoring is done by experts, who
devote their time exclusively to that kind of work.

Where the terms of the contract are not explicit, disputes sometimes
arise as to who-shall incur the expense of packing the well, the company
or the contractor. The contractor who has agreed to complete the well,
understands that his work is finished when the required depth is reached,
while the company understand that it must bs packed and anchored—
equipped ready for use.

The inconveniences arising from misunderstandings of this kind may
all be avoided by a little care in the making of the contract.

A properly constructed contract would require the contractor to furnish
all his own machinery, drive-pipe, casing and material of every kind that
is used in the drilling of a well. The contract should require that the
drive-pipe extend to the solid rock, and that a sufficient amount of casing
should be used to thoroughly secure the well against damage by water.
It may then be provided that the company may retain the drive-pipe and
casing, in case they desire to utilize the well, by paying a specified price
for the same. The contract should provide that the company should fur-
nish the pipe and other material for packing the well. As a rule it is
better to employ an expert to perform the labor of packing and anchoring
the well, but provision should be made for securing the use of the con-
tractor’s machinery to perform this work. If it is desired to explode a
cartridge of nitro-glycerine in the well, an expert is required for that
labor'also. The machinery of the contractor will be necessary in the per-
formance of this work also, and provision should be made for its use.
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It is better for the contractor to furnish the drive-pipe and casing for
the reason that if the well proves to be unprofitable he can remove the
same and use it for the construction of another well without sustaining
loss. If the company purchase the pipes and the well is a failure, they
sustain a loss unless they desire to drill another well. .

.

SURFACE INDICATIONS OF OIL AND GAS.

The experience of the past year or more in Indiana has shown that sur-
face indications of oil or gas, as a rule, are practically valueless. Wher-
ever gas is discovered flowing out through springs of water, either in the
drift ares or from rock deposits, the fact may be taken as indicating an
exhausted reservoir, rather than one from which may be obtained a re-
munerative supply of gas. Throughout the drift area of Indiana springs
frequently occur, from which the gas is continually escaping in small
bubbles. If a barrel, or other vessel, is carefully placed over a spring of
this kind, and a small pipe inserted into the barrel, the gas may be lighted
at the end of the pipe, and it will burn continually. But the amount of
escaping gas is so small that it is practically of no value. This drift gas,
as a rule, escapes through a sand deposit, that has been cut down into by
the erosions of streams of water. The gas was generated in some mass of
buried vegetation. The reservoir probably never contained any valuable
store, and even if it did at one time contain a considerable accumulation,
the waste that has been going on for years has practically exhausted it.
Probably the greater amount of gas that escapes through the sand de-
posits and springs of the drift regions is that which is now being gener-
ated from the continued decay of vegetable matter in the buried swamps.

Along the Ohio River and its tributaries, in the southeastern part of
the State, where the Hudson River rocks appear at the surface, the
springs that flow out of the foot of the bluffs frequently contain a consid-
erable amount of gas, but by no means a sufficient quantity to make it of
economic importance. This gas, which had its origin in the Hudson River
rocks, is assumed to indicate, in many instances, a large reservoir in the
rocks below. But a brief consideration of the matter will certainly con-
vince any one that where there are known to be numerous leaks, in a re-
gion where those leaks have evidently been uninterrupted for hundreds, if
not thousands of years, the reservoir must certainly be virtually exhausted
by this time. The slow generation of gas from the petroleum contained
in the rocks may be manifested in the bubbles of gas escaping from springs
for scores of years to come, but such manifestations should never be taken
as évidence that a great reservoir may be found in the depths below.

Throughout large areas where the Niagara limestones are the surface
rocks, the same occurrences of gas leaks are quite common. Also
throughout the Niagara exposures it is common to see places where petro-
leum flows slowly out through fissures in the rocks. In some areas in In-
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diana petroleum is distributed through the entire mass of Niagara rocks,
but it has never yet been found in them collected in & reservoir from which
it could be obtained in paying quantities. The Niagara rocks are largely
crystalline, in this State, and consequently, porous, so that the gas and oil
are permitted to move freely through them. 1f there ever was any large
accumalation of gas in the Niagara rocks, throughout the area where they
are exposed, it escaped ages ago. ‘The gas that escapes from them now. is
evidently that being daily generated from the petroleum contained within
them.

A gas leak is a stronger evidence of an exhausted reservoir than contra.
As already stated, where gas is leaking from the rock or drift deposits of
Indiana, at the present time, it must be true that it has been leaking
throygh the same channels, and perbaps hundreds of other channels, for
ages, and has thus practically exhausted the reservoir. The gas observed
to be leaking from the surface deposits at Findlay, Ohio, before the dis-
" covery of the great reservoirs beneath, was certainly not Trenton gas.
The drift contains gas, the Niagara and Hudson River rocks contain gas,
and the leaking gas at Findlay, Ohio, was evidently from some of these
deposits. If the numerous leaks noticed throughout that region had been
from the Trenton rocks, the immense reservoir below would have been
long ago exhausted. The gas in the Findlay reservoir is wholly confined
by impervious rocks. The over-lying Utica shales are two hundred to
three hundred feet thick and so close in texture that gas can not permeate
them. Just so in the great Indiana field. The gas reservoir here lies
below from fifty to four hundred feet of impermeable Utica shales. Un-
less theee shales have been fractured by shrinking of the earth’s crust, or .
upheaval, they are wholly impervious to gas or any other fluid. To obtain
gas in paying quantities, it must be completely confined in impervious
rocks; and I repeat the statement that gas leaks are not favorable indica-
tions of large reservoirs in the immediate vicinity. _

A knowledge of the geological formations to be penetrated is absolutely
essential to an intelligent search for gas. It must be known that there is
a formation of rocks lying below, capable of forming a reservoir under
favorable conditions. All sandstone formations are porous, and all lime-
stone formations are porous in certain areas. The shales, of course, as a
rule, are impervions, but these are important, as they form the impene-
trable covering for the gas, of which they are, probably, largely the
source. Wherever it is known that there is an under-lying deposit of
limestone or sandstone, over which .there is a considerable thickness of
impervious shale, it may be safely assumed that there is a possibility of
finding gas in that locality. Careful examinations should be made to de-
termine whether or not there have been structural disturbances of the
strata. If the rocks have been greatly tilted, or fissured by upheaval, it
will be a waste of means to attempt to get gas in that locality. But if
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the effect of the disturbance has been merely to wrinkle the strata, if the
compression has been just sufficient to produce a series of low folds, or
arches, then explorations may be prosecuted in that locality with the
greatest of confidence. In locating wells in such territory, care should
be taken to determine, as accurately as possible, the summits of the arches
or folds. The location of a well, in unexplored territory, where the
structural features admit it, should be upon an arch.

In areas where structural disturbances have not ocvurred, it is only
necessary to acquire a thorough knowledge of the strata to be penetrated.
It is not at all likely that structural changes assisted in any way in the
generation of gas; hence the confinement of gas in the rocks does nor
depend upon structural conditions. -Where structural changes have oc-
curred in gas reservoirs, the accumulations of stored gas have been affected
to some extent, inasmuch as the filling of the synclines with water would
force the gas into the arches; but it will probably be developed sooner or
later that there are vast accumulations of both gas and oil in areas where
structural disturbances have never occurred.




STRUCTURAL FEATURES OF INDIANA.

The surface elevations of Indiana vary from about 375 feet above sea
level along the Ohio River in Vanderburg and Posey Couutles, to 1,250
feet or more above in Randolph County.

There is, therefore, a difference of about 900 feet in the extreme
elevations of the State. The average altitude is about 800 feet above
sea level. The surface consists of one broad plain, broken only by the
eroded valleys of the streams, and is a part of the eastern portion of the
great Mississippi basin. The northern half of the State consists of a
broad expanse of generally level lands, interrupted only by the gentle
slopes of the ‘water courses. Very few exposures of rocks occur
throughout this portion of the State, the surface deposits being almost
wholly of glacial origin.

The southern part of the State is, in many of the counties, consider-
ably broken by the erosions of the numerous streams.

The general direction of the drainage line is southwesterly, following,
as a rule, the direction of the dip of the strata in the southern part of
the State. In the extreme northeast corner of the State the drainage
is northeasterly, and in the northwest corner of the State, westerly.

The oldest rock formations are exposed in the southeastern part of the
State. The rocks exposed there are those of the Lower Silurian forma-
tion, and are equivalent to the Hudson River rocks of New York.
These rocks are the surface rocks, or may be seen outcropping in the
“following counties, viz. : Clark, Dearborn, Decatur, Fayette, Franklin,
Jefferson, Ohio, Rlpley, Switzerland, Union and Wayne. The greatest
thicknéss of exposed Hudeon River rocks, in this State, so far as my
knowledge extends, is 536 feet, in Dearborn County. The greatest
accumulations of Hudson River rocks yet penetrated by the drill are at
Greensburg, Decatur County, where they are 713 feet thick.

From the varioug exposures.of these rocks, or, at least, from the
extreme limits of the exposures, there is a dip, more or less rapid, to the
north, northwest, west and southwest. The extent of this dip varies
considerably, in rome places heing scarcely distinguishable, while in

15—GEoLoGY.
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others it amounts to 50 feet or more to the mile. The more rapid dips
are to the north in the northern part of the State, and to the southwest
in the southern part of the State.

The rocks that immediately underlie the Hudson River rocks in Indi-
ana are the Utica shales. The drill, within the past year, has revealed
the fact that these shales underlie every portion of the State. They
vary in thickness from 20 to about 400 feet. Lying immediately below
the bluish-gray limestones and shales of the Hudson River rocks, they
may usually be recognized by their black or brownish-black color.

Immediately below the Utica shales lie the Trenton limestones.
. This group, which derives its name from the exposures at Trenton Falls,

New York, has a thickness of 451 feet at Lawrenceburg, Indiana, 522
feet at Connersville, 510 feet at Richmond, 620 feet at Indianapolis, 626
feet at Bloomington, and 434 feet at Delphi, Indiana. These rocks,
like the Utica shales, underlie every portion of the State.

Just underneath the Trenton rocks is a great sandstone deposit, of
unknown thickness, which, for various reasons, I conclude is the Pots-
dam sandstone.

The Potsdam Sandstone.—This group, like the Trenton and Utica,
probably underlies the whole of Indiana. Lying, as it does, several
hundred feet beneath the surface, it is impossible to identify it positively
without the aid of characteristic fossils, and these, of course, have not
been found in the few wells that have penetrated this rock. At Law-
renceburg, Connersville, and some other points in the eastern part of the
State, where it has been reached by the drill, it is a fine-grained, hard,
pinkish or brownish colored sandstone, without any traces of lime. At
Indianapolis it is still a fine-textured, hard and pure sandstone. At
Bloomington, where it was penetrated to the depth of 274 feet, it is
somewhat coarse, white, and quite friable, or incompletely cemented at
the top, becoming finer and harder lower down, with a considerable
proportion of iron. At 270 feet it contains a considerable amount of
lime. At Delphi, where the drill penetrated it 10 feet, it is a fine-
grained, even-textured sandstone, nearly pure white, and almost pure
gsilica. Throughout the whole of the eastern part of the State it is
almost uniform in color, compactness and texture.

The Potsdam sandstone was found at a depth of 293 feet below sea
level at Lawrenceburg, 402 feet below at Connersville, 580 feet below
at Union City, 799 feet below at Indianapolis, 734 feet below at Delphi,
and 1,734 feet below at Bloomington. The dip from Lawrenceburg to
Bloomington, a distance of 104 miles westward, is 1,441 feet, or 14 feet
to the mile. From Lawrenceburg to Union City, 95 miles due north, the
dip is 287 feet, only 3 feet to the mile. From Lawrenceburg to Conners-
ville, 45 miles north, the dip is 109 feet, 2} feet to the mile. From
Connersville to Indianapolis, 57 miles west, the dip is 397 feet, or 7 feet
to the mile,
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There are, doubtles, numerous contortions, or wave-like folds in these
rocks at many points intervening between the places enumerated, but as
the drill has penetrated to greater depths than the Trenton rocks at but
few places, the arches and troughs have not been revealed. - So far,
the Potsdam sandstone has not heen penetrated at any point north of
the Wabash River. '

The Potsdam sandstones have never yet yielded gas nor oil in paying
quantities, if, indeed, in any quantity at all. The name was derived
from the exposures at Potsdam, Lawrence County, New York.

The Trenton Limestones.—These rocks, although they are not exposed

at any point in this State, on account of the vast accumulations of*
natural gas and’ petroleum found within them, have recently attained
an importance scarcely exceeded by any other group of rocks within the
borders of the State They lie immediately above the Potsdam sand-
stones, and approach nearest the surface at Lawrenceburg, in the ex-
treme southeastern corner of the State, where they are found in well’
No. 1, at a depth of 349 feet, 1568 feet above sea level. At Brookville,
30 miles north of Lawrenceburg, they are 550 feet below the surface,
and 174 feet above sea level. At Connersville, 26 miles north
of Brookville, they are 705 feet below the surface in well No. 2, and 317
feet above sea level. At Cambridge City, 13 miles north of Conners-
ville, they are 766 feet below the surface, and 174 feet 6 imches above
sea level. At Winchester, 25 miles north of Cambridge Uity, in well
No. 3, they are 1,076 feet 6 inches below the surface, and 68 feet 6
inches above sea level. At Ridgeville, 8 miles north ofeWinchester,
they are 981 feet below the surface, and 1 foot above sea level. At
Portland, 11 miles north of Ridgeville, they are, in well No. 3, 981 feet
3 inches below the surface, and 59 feet 3 inches below sea level. At
Decatur, 27 miles north of Portland, they are 1,030 feet below the sur-
face, and 223 feet below sea level. At Ft. Wayne, 21 miles north of
Decatur, they are 1,437 feet below the surface, in well No. 2, and 650
feet below sea level. At Auburn, 28 miles north of Ft. Wayne, they
are 1,937 feet below the surface, and 1,069 feet below sea level. At
Butler, 11 miles northeast of Auburn, they are 2,067 feet below the
surface, and 1,194 feet below sea level.
" The following table, No. 1, shows the consecutive strata encountered
in boring wells at each of the places above mentioned, with the thick-
ness of each stratum, total depth of well, and the distance above or below
sea level at which Trenton limestone was reached. Three wells have
been drilled at Lawrenceburg, four at Brookville, four at Connersville,
one at Cambridge City, six at Winchester, two at Ridgeville, seventeen
at Portland, two at Decatur, five at Ft. Wayne, two at Auburn and one
at Butler.*

* At the time this report was written.
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?Trenton above sea level.
t Black shale, 120 feet.
1 Corniferous, Waterlime and Niagara.

Trenton rock rises from Lawrenceburg to Brookville, falls from Brook-
. ville to Connersville, rises from Connersville to Cambridge City, and
falls gradually from Cambridge City to Ft. Wayne and nerthward, at
the rate of about 5} feet to the mile.- In Steuben County it will prob-
ably be found in the neighborhood of 1,400 feet below sea level.

At North Vernon, Jennings County, fifty miles west of Lawrence-
burg, Trentow rock is found 980 feet below the surface' and 253 feet
below sea level. At Greensburg, twenty-five miles north of Vernon, it
is 920 feet below the surface and 22 feet above sea level. At Rushville,
twenty miles north of Greensburg, it is 860 feet below the surface and
124,41 feet above sea level. . At New Castle, twenty-five miles north of
Rushville, it is 876 feet below the surface, in well No. 1, and 104 feet
above sea level. At Muncie, sixteen miles north of New Castle, it i8
898 feet below the surface, in well No. 1, and 77 feet above sea level.
At Eaton, eleven miles north of Muncie, it is 890 feet below the sur-
" face, and 20 feet below sea level.” At Hartford City, seven miles north
of Eaton, it is 935 feet below the surface, in well No. 2, and 40 feet
below sea level. At Montpelier, nine miles north of Hartford City, it
is 962 feet below the surface, and 110 feet below sea level. At Bluffton,
thirteen miles northeast of Montpelier, it is 1,075 feet below the sur-
face, in well No. 2, and 223 feet below sea level. At Huntington,
twenty miles northeast of Bluffton, it is 995 feet below the surface, in
well No. 1, and 265 feet below sea level. At Columbia City, twenty
miles north of Huntington, it is 1,367 feet below the surface, and 545
feet below sea level. At Albion, twenty miles north of Columbia City,
it is 1,980 feet below the surface, and 973 feet below sea level.
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The following table, No 2, shows the thickness of the strata encount-
ered at the various points above mentioned, total depth of well and
distance of Trenton above or below sea level.

TABLE No. II.
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® Above sea level.

1 Oriskany, probably 5 ft.

The drill has revealed that the Trenton limestones rise 275 feet from
North Vernon to Greensburg, a distance of 25 miles, or 11 feet to the -
mile ; from Greensburg to Rushville, a distance of 20 miles, they rise 102
feet, but a little more than 5 feet to the mile; from Rushville to New
Castle, 24 miles, they fall 20 feet, less than 1 foot to the mile; from
New Castle to Muncie, 18 miles distant, they fall 27 feet, 1} feet to the
mile; from Muncie to Eaton, distarit 11 miles, they fall 91 feet, more
than 8 feet to the mile; from Eaton to Montpelier, distant 16 miles;
they fall 98 feet, about 6 feet to the mile; from Montpelier to Hunting-
ton, distant about 22 miles, they fall 145 feet, about 7 feet to the mile;
from Huntington to Columbia City, distant 20 miles, they fall 291 feet,
nearly 15 feet to the mile, and from Columbia to Albion, distant about
22 miles, they fall 427 feet, about 20 feet to the mile.

At Jeffersonville, on the Ohio River, the Trenton rocks lie 856 feet
below the surface, and 401 feet below sea level; at Seymour, 49 miles
north, they lie 1,100 feet below the surface, and 472 feet below ses
level ; at Columbus, 18 miles north of Seymour, they are 955 feet below
the surface, and 325 feet below sea level ; at Shelbyville, 24 miles north
‘of Columbus, they are 837 feet below the surface, in well No. 1, and 79
feet below sea level ; at Greenfield, 18 miles north of Shelbyville, they
are 985 feet below the surface, in well No. 1, and 54 feet below sea
level ; at Anderson, 22 miles north of Greenfield, they are 814 feet be-
low the surface, in well No. 2, and 66 feet above sea level; at Marion,
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31 miles north of Anderson, they are 878 feet below the surface, in well
No. 3, and 67 feet below sea level ; at La Fontaine, 10 miles north of
Marion, they are 900 feet below the surface, and 6 feet below sea level ;
at Wabash, 10 miles north of La Fontaine, they are 878 feet below the
surface, and 198 feet below sea level; at North Manchester, 15 miles
north of Wabash, they are 1,030 feet below the surface, and 255 feet
below sea level; at Warsaw, 19 miles ndrth of North Manchester, they
are 1,887 feet below the surface, and 570 feet below sea level; at
Goshen, 24 miles north of Warsaw, they are 1,815 feet below the sur-
face, and 1,076 feet below sea level.

The following table, No. 3, shows the thickness of the strata encoun-
tered in wells at the various points mentioned above, together with the
total depth of the wells, and distance of Trenton rock above or bhelow
sea level : -

TABLE No. 1L

° % I E

E| e ] 4 2= 2

s | 8 'f-, . = . |@s| &

STATIONS. .5 8 S8 § g g g.S a

gle |G |em|S|3|2| 5|5 |53|3

£l [ 5|8 |22 |3 |28 |24z

a A o |1 Z |0 |3 | b | = |&= =
Jeffersonville. . . . . . 45 |. . 40 1056 20| 500 148 . . 401 | 86
MOUr . o o« o o ¢ + & 7! 130 2% 190 ./ 500 | 165 94 | 472 1,194
olumbus. . . . .... 26 T4 21 259 (.. .| 40| 135 | 1 1,110
Sheloyville, No. 1. . . . 48 (. . . 2|...] 22 . 450 | 117 88| ‘79 923
Greenfield, No.1. .. .| 205|.. ... L. o] 170 . 400 | 210 14 54 99
Anderson, No. S 1Ly ] o 188 20| 440 5% 24| %63 83K
arion, No.5 . . . . . . 18 145 20| | 49| o8
La Fontaine . . . ... 300 175 | 200 | 28 6| 923
Wabash, No.1 . . ... 2 40| 42 158 | 54| 138 982
North Manchester o7 I R P 50 | 306 | 50| 8% | 1,180
Warsaw,No.1 .. ... 4. . |.. 60| 592 200 287 .. .| 570 ] 1464

Goshen . . ....... 165 | 308?, 60 32 215 1076 |. .

* Trenton above sea level.

The stations mentioned in the foregoing table are all very near to a
due north and south line running entirely through the State. Ander-
son, almost in the center, is on the summit of the Trenton rocks. At
this point they are 66 feet above sea level. Southward, from Anderson
to Greenfield, the dip is nearly 6 feet to the mile; from Greenfield to
Shelbyville it is 1 foot to the mile; from Shelbyville to Columbus it i
10 feet to the mile; from Columbus to Seymour it is 8 feet to the mile;
from Seymour to Jeffersonville it is northward 1} feet to the mile.
Northward, from Anderson to Marion, the dip is 4 feet to the mile.
From Marion to La Fontaine the Trenton rocks rise at the rate of 4 feet
to the mile, but they fall from La Fontaine to Wabash at the rate of 13
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feet to the mile. From Wabash to North Manchester the dip is 15 feet
to the mile; from North Manchester to Warsaw it is 12 feet to the mile,
and from Warsaw to Goshen, 25 feet to the mile. '

At the Gas Works well, Indianapolis, Trenton rock is 179 feet below
gea level; at Broad Ripple, nine miles north, it is 109 feet below sea
level; at Noblesville, eleven miles north of Broad Ripple, it is 76 feet
below sea level in the Banuer well; at Tipton, seventeen miles north of
Noblesville, it is 129 feet below sea level in well No. 1; at Kokomo,
fifteen miles north of Tipton, it is 97 feet below sea level in well No. 4;
at Peru, twenty-one miles north of Kokomo, it is 229 feet below sea
level in well No. 2.

The following table, No. 4, gives a record of the strata passed through
in boring wells at the stations mentioned along the line of the Lake Erie
& Western Railroad from Indianapolis to Peru:

TABLE No. IV.

. . g .

sl s 8§ 2 <3| £
as 5 2| . [ . |mE & -
STATIONS. Sal S| S| 28|s| = 21s3| A o
S8 =162 gl &) 4] 2|2l = é
Sl2(ees| 2|2 2| & g8 3 8

s = -
SR ISP 5| 2|8 &E|&° &l &
Indianapolis. . . .. ... 18 {..[68 |20 (20]20 80| 74]e20]|17|152]| Dry.
Broad Ripple. . . . . ... 55 |..(28120|27|20|400| 84| 24| 109 | 888| Gas.
Noblesville, No.5 . . . .. B eof. .| 239 |30 350 | 128 9| 78| 853| Gas.
Tipton,No.1. . . .. ... 199 . .|..[30 (26036400152 835|129 [n,000( Alittle

Kokomo,No.4. . ... .. 6l |..f..|50 20|30 |25 |21| 2| 97| %8| Gas.
Peru.No.2. ... ..... 10 (. .f..|50]|360 (215|240 20| 27 (229 | 956| Dry.

Rochester. . . . . .. ... 245 (..o .]525]. .| 200|191 24 | 381|118

From Indianapolis to Broad Ripple the Trenton rocks rise at the rate
of 8 feet to the mile; from Broad Ripple to Noblesville they rise at the
rate of 3 feet to the mile; from Noblesville to Tipton they fall at the
rate of 3 feet to the mile; from Tipton to Kokomo, they rise at the rate
of 2 feet to the mile; from Kokomo to Peru they fall at the rate of 6
feet to the mile

At Martinsville, Morgan County, the Trenton limestones are 780 feet
below sea level ; at Bridgeport, twenty-one miles north, they are 247 feet
below sea level ; at Lebanon, twenty-two miles north, and six miles west
of Bridgeport, they are 302 feet below sea level; at Frankfort, eighteen
miles north of Lebanon, they are 227 feet below sea level; at Delphi,
twenty miles north of Frankfort, they are 334 feet below sea level in
well No. 1, and 350 feet below sea level in well No. 2.
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The following table, No. 5, shows the thickness of the different groups
_of rock encountered in boring wells at the places above mentioned, to-
gether with the depth to Trenton, total depth of well, ete. :

TABLE No. V.-
{: < ;‘3 E—' ¥
Z 2 <}
a8 om | 8 . | o= . ‘ﬂg a -
STATIONS. FR el 8el = FER - R - e
s 1 Q|8 (=]l g8l 8| 4| 5 (22| ~= |-
AP RHEIHEIE IR
A|ld|A |Slz|o|m |5 |a|r [|[a]| &
Martinsville. . . . 85| 323 | 120 (62| 216 | 20| 420 | 131 51| 780 | 1,448 | No gas.
Bridgeport . . 140 |. . .| 134 (20| 220 | 24 | 455 55 70 | 247 | 1,108 | No gas.
Lebanon. ... .| 378]|. . 302 | 1,800 | No ga=.
Frankfort. . . . . 28 |...|...|60| 30030 20| 150 227 | 1,328 | No sas.
. Delphi,No.1 . . ... .|...]-«.]..| 587|..] 220 93 12| 334 | 912| No gas.

From Martinsville to Bridgeport the Trenton limestones rise 533 feet,
or nearly 24} feet to the mile; from Bridgeport to Lebanon they fall 55
feet, about 23 feet to the mile; from Lebanon to Frankfort they rise 75
feet, or 4 feet to the mile; from Frankfort to well No. 1, Delphi, they
fall 107 feet, or 53 feet to the mile.

In well No. 1, at Delphi, the Trenton limestones were reached at a
depth of 334 feet below sea level, while in well No. 2, bored near by,
they were found 16 feet lower down, or 850 feet below sea level. This
fact clearly proves that the marked disturbances in the strata so clearly
disclosed in the surface exposures at that place are just what the common
ohserver will conclude that they are, simply distortions produced by
physical or mechanical forces.

The paper entitled ‘‘The Wabash Arch,”’ which appeared in the Fif-
teenth Report of the State Geologist, was written before the first well
was drilled in the Indiana gas field, and the conclusions therein pre-
sented were the result of superficial examinations only, but the later
facts revealed by the drill in the numerous gas wells of the State, when
carefully studied, furnish still stronger and more direct evidence of the
correctness of those first conclusions. The views set forth in that first
article were undoubtedly correct in the main.

At Bloomington, Monroe County, the Trenton limestones lie 1,108
feet below sea level ; at Crawfordsville, seventy-three miles north, they
are 664 feet below sea level; at the Lafayette well No. 1, near Porter
Station, thirty-two miles north of Crawfordsville, they are 548 feet be-
low sea level; at Monticello, twenty-two miles north and a little east of
the Lafayette wgll, they are 338 feet below sea level; at Francisville,
- nineteen miles north of Monticello, they are 200 feet below sea level;
at Valparaiso, thirty-six miles north, and a little west of Francisville,
they are 602 feet below sea level.
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The following table, No. 6, showj} the thickness of the strata encount-
ered in wells at each of the points mentioned above, together with the
depth of Trenton rock below sea level, and the total depth of well.

TABLE No. VI.

. Hr 5 :

.| 88|z = 53 4

£ aQ | o | @ . 4 > 2

STATIONS. g2 |S8|= | |4 e g 123 &

s | Q|8 [2)s8| g/3| 8| &2 (8% 3

S| s |8 |Eles| (2|2 &5 |88 %

- £ oot ] -

Alald |83 |7 |8ja|B|&al|a& | &
Bloomingtou. . . . . 6 19| 15|15 20 485 | 180 | 626 |1,108 | 2,730
Crawfordsville . . .| 140| 410| 80 .| 380 250 | 105 | 69| 664 | 149
Lafayette, No.1 . . 100 120 (60 |. . 100 288 | 110 T2 | 548 | 1,200
Montieello . . . . . . 205 . |...|..| 40| 46 120 170| 63| 338 | 108
Francisville . . . . . 8. ... 60 | 542 25| 00| 10| 200 8%
Valparaiso . . .. . 15|00 es|70| 80| 55| .1 260 | 195| 144 | 62 | 1,448

From Bloomington to Crawfordsville the Trenton limestones rise at
the rate of about 6} feet to the mile; from Crawfordsville to Lafayette
they rise at the rate of about 4 feet to the mile; from Lafayette to
Monticello they rise at about the rate of 94 feet to the mile; from
Monticello to Francisville they rise at the rate of a little more than 7
feet to the mile, but from Francisville to Valparaiso they fall at the
rate of about 14 feet to the mile. At Francisville the Trenton lime-
stones are 402 feet higher than they are at Valparaiso, a little more than
thirty miles north, and 348 feet higlter than they are at Lafayette, about
the same distance south, and 464 feet higher than they are at Crawfords-
ville, still farther south. The total elevation of the Wabash Arch in this
portion of the State approximates 500 feet, even if it does not exceed
that height. Whatever the causes that produced this elevation, and
whatever differences of opinion may be entertained concerning its ori-
gin, the facts of its existence are absolute. But when the distorted and
tilted condition of the exposed rocks throughout this region are consid-
ered, together with the continued, and, in ‘many places, the abrupt dip
of the strata southward and northward from it, the conclusion is forced
that it was produced by the physical forces of nature, at a period infi-
nitely remote. '

At Rockville, Parke County, Trenton rock is 1,412 feet below sea
level ; at Oxford, Benton County, fifty miles north, it is 570 feet below
sea level ; at Fowler, seven miles north of Oxford, it is 181 feet below
sea level ; at Kentland, twelve miles northwest of Fowler, it is 370 feet
below sea level; at Rensselaer, seventeen miles northeast of Kentland,
it is 162 feet below sea level. The dip from Fowler to Kentland, north-
west, is a little more than 7 feet to the mile; from Fowler to Oxford,
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south, it is 58 feet to the mile, and from Oxford to Rockville it ix about
17 feet to the mile; from Rensselaer to Kentland, south, it is 64 feet to
the mile.

The following table, No. 7, gives the thickness of the strata encount-
ered in wells at the above mentioned stations, together with depth to
Trenton, total depth of wells, etc. :

TABLE No. VIL

We have no accurate records of any wells due north of Kentland,
Ind., showing the thickness uf the strata nor the dip of the rocks.

The seven tables given above give a very correct idea of the variations
in altitude of the Trenton limestope in a north and south direction
through the State. Sections of wells will be given further on, which
show more marked irregularities of structure than the foregoing. Great
care has been taken to procure the most reliable data concerning the
many wells bored for natural gas throughout the State, and the sec-
tions given herewith may be regarded as the most reliable that it has
been possible to procure.

To more thoroughly show the position of Trenton rock, as regards sea
level, the following tables are presented, which show its dip, or varia-
tions in elevation on lines running easterly and westerly through the
State. These in a number of instances include wells not given in the
seven preceding tables.

At Lawrenceburg, Dearborn County, the Trenton limestones are 158
feet above sea level; at North Vernon, fifty milés west, they are 253
feet below sea level; at Seymour, fifteen miles west of North Vernon,
they are 472 feet below sea level.

The following table, No. 8, shows the thickness of the strata encoun-
tered in the wells at each of the places mentioned, depth of Trenton
above or below sea level, etc. :
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TABLE No. VIIL

*Trenton above sea level.

From Lawrenceburg to North Vernon the dip of Trenton rock is a
little more than 8 feet to the mile, and from North Vernon to Seymour
it is a little more than 14} feet to the mile.

At Brookville, Franklin County, about thirty miles north of Lawrence
burg, the Trenton limestones are 174 feet above sea level ; at Greensburg,
twenty-six miles west and six miles south of Brookville they are 24 feet
above sea level ; at Columbus, twenty-two miles west, and about eight
miles south of Greensburg they are 325 feet below sea level, and at
Bloomington, thirty-three miles west of Columbus, they are 1,108 feet
below sea level. From Brookville to Greensburg the dip is at the rate
of 6 feet to the mile, from Greensburg to Columbus it is at the rate of
16 feet to the mile, and from Columbus to Bloomington it is at the rate
of nearly 24 feet to the mile.

. The following table, No. 9, gives the thickness of the strata encoun-
tered in drilling wells at Brookville, Greensburg, Columbus and Bloom-
ington, with the digtance of Trenton rock above or below sea level,
total depth of well, etc. :

TABLE No. IX.

1, N ; . r

By | 2,04 g A

8 al|5(|2 o ¢ 4
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STATIONS. el5s| 2 |52, 8)|a]| @ g | e8| A&

(| 88|8 |[S|se| & 5] .| 8|8
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c|8(85|5 |E|E8| =& 3| =S ed| B

Ao |a =] ol Zz ol H = ﬁ 3 17
Brookville. . . . . .. . .- 518 32| 120 | *174 670
Greensburg .. . .| 7 e fe s . 90 ns | 110 63| *2 984
Columbus . . . .. 28 .. 74|21 259 40| 135 156 83 | 1,110
Bloomiogton .. .| 6 T49 | 155 | 15 240 485 | 180 | 626 [.1,108| 2,730

*Trenton above sea level.

Connersville, Fayette County, is twenty-five miles north of Brookville.
At Connersville the Trenton limestones are 117 feet above sea level ; at
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Rushville, eighteen miles west of Connersville, they are 124 feet above
sea level ; at the Muth well, Morristown, fifteen miles west of Rushville,
they are 44 below sea level; at Shelbyville, fifteen miles southwest of
Morristown, they are 79 feet below sea level : at Martinsville, thirty-six
miles west of Shelbyville, they are 780 feet below sea level.

From Connersville to Rushville the Trenton rocks rise at the rate of
about one-half foot to the mile; from Rushville to Morristown the dip
is at the rate of about 11 feet to the mile; from Morristown to Shelby-
ville the dip is at the rate of 2} feet to the mile; from Shelbyville to
Martinsville the dip is at the rate of about 19 feet to the mile.

The following table, No. 10, shows the thickness of strata passed
through in boring wells at the several places mentioned, the elevation of
Trenton rock as compared with sea level, total depth of wells, etc. :

TABLE No. X.
S| 3 ¢ - r S

12l 34| 2 z 32| &

STATIONS i| 5@ 2| 5 & = s |as| £

. (= S8 |Ss5 Bl E| S| s S|2°|2

Slale5s |Ex= 3 |E|E|S|8 |5 |2

slSl@”a |83 |&E |8 |m|S|& |6 | &

Cohnersville, No.2 . .| 90 .. .. e || 3B 240 61 | *117 o
Rushville . » . . . . . 80 |- of ol e | 180| 20| 300 280 | 124|124 | 984
Morristown - - . . . . wo .ol ooy o 0. | 4s0| 178| 23| 44| 92
Shelbyville.. . . . . . 8| a0 || 202 50| 7| 88| 19| 9B
Martinsville . . . . . . 8 323|120 62 . .| 216 | 202 | 420 | 181| 51| 780 | 1448

Richmond, Ind., is about twenty miles north 6f Connersville, and
fifteen miles east. . At Richmond the Trenton limestone is 79 feet above
sea level: at Cambridge City, fifteen miles west, it is 174 feet above
sea level ; at Knightstown, nineteen miles west of Cambridge City, it is
113 feet above sea level ; at Greenfield, thirteen miles west of Knights-
town, it is 54 feet below sea level ; at Indianapolis, twenty miles west of
Greenfield, it is 179 feet below sea level; at Bridgeport, nine miles
west of Indianapolis, it is 247 feet below sea level, and at Rockville,
fifty miles west of Bridgeport, it is 1,412 feet below sea level.

The dip of rocks from Cambridge City eastward to Richmond is at
the rate of about 6 feet to the mile, and from Cambridge City to
Knightstown westward, it is at the rate of but little more than 3 feet to
the mile. From Knightstown to Greenfield the dip is at the rate of
about 13 feet to the mile, but from Greenfield to Indianapolis it is little
more than- 6 feet to the mile. From Indianapolis to Bridgeport the
rocks dip at the rate of 73 feet to the mile, and from Bridgeport to
Rockville at the rate of 23 feet to the mile.

e
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The following table, No. 11, shows the thickness of - the various groups
of rocks encountered in boring wells at the points named, together with
the altitude of Trenton llmestone with respect to sea level, total depth
of well, etc. :

TABLE No. XI.

g w | osle| E £ 5.1 .
L] o
T HE PRI
STATIONS. . i 52‘5” & 5'8 g g8 g ‘ § g..: a
o I - - L~
£ 121255 |E|%2 £ (5| 3| 2| E |28 2
Qe QA |ofR |z || &R [P |8 |« 3
Richmond . . .. ... el e e e oo 500 380 50 79| 1400
CambridgeCity . . . .| 98 |..|. .f..]..|].. 2|..| 400 | 288 133 [ 174
nghtstown ...... 64|, |- f--]. .| 260]. 300 | 199 | 213 | *113| 1,0%
nfield. . . . ... 251, . ... . 170 901 210 M 54
]lndusnapolu e oo N8, .. . .| 68120 | 200 | 20| 300 T¢| 62| 179 1520
Bndgveﬁa ....... 140 L1412 . . 244 . 455 55 70 | 247! 1,108
Rockville . . . . ... 96 |259 (689|102 | 62 370 | . 34| 108| 10 |1,412] 2,110

o Trenton above sea level.

At Winchester the top of Trenton limestone is 43 feet above sea level
in well No. 1. From Winchester to Muncie it rises at the rate of nearly
3 feet -to the mile, and in well No. 1, at the latter place, it is 97 feet
above sea level. From Muncie to Anderson there is a dip of 2 feet to
the mile; from Anderson to Noblesville the dip is greater, being at the
rate of 7} feet to the mile. From Noblesville to Lebanon the dip in-
creases to 9 feet to the mile, and from Lebanon to Crawfordsville it is
still more rapid, being at the rate of 18 feet to the mile.

The following table, No. 12, gives the records of wells at the points
mentioned above, showing thickness of strata, etc. :

TABLE No. XII
£la é [&d | & o 3
{HE 2 H A HEREAE
4 & D -
STATIONS. HERE - EHERPHE §ls%| &
¢ |3|35|5 |EBc|iE |35\ 8| ¢ (3|52 2
= | 8185 5 ¥ ol s |s|[elen| 8
Elsg°|8 B°°|3°|g°| & | B |&|1&°| &
Winchester, No.1 . .| 147 .. 7| se2| 250 90| 3| 1,140
Nnnole. No 1. e 265 | 400 ( 211 (22 ( *97 | 898
14 206 | 440 | 54|26 | %8
Noblrnlle, Banner
........ 2% A PR D 26| s00| 78| 9| 78| 83
Lebanon . . . . ... Sl TN T see | 100
Crawfordsvitte - . .| 10| 2| 410| 80| 55| : ;| 30| 30| 15 |es| eet | 1499

*Trenton abo  sealev 1.
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At Portland, Jay County, the top of Trenton limestone is 90 feet
below sea level in well No. 2; at Hartford City, twenty-two miles west, it
is 40 feet below sea level, the eastward dip between the two points being
at the rate of a little more thon 2 feet to the mile. From Hartford City
to Fairmount, twenty miles west, the westward dip is only 1 foot in twenty
miles, the top of the limestone being 41 feet below sea level in well No.
1, at the latter point. From Fairmount to Kokomo the dip is at the
rate of a little more than 2 feet to the mile; from Kokomo to Lafay-
ette it is at the rate of 10 feet to the mile, and from Lafayette to Ox-
ford, Benton County, it is at the rate of only 1 foot to'the mile. ~

The following table, No. 13, shows the thickness of the various
groups of rocks encountered in drilling wells at the points mentioned
above, together with depth of Trenton limestone below sea level, etc. :

TABLE No. XIIIL

S |= R & £ 3 .

518 | 212 |2 |B.] 2 55| S
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Als|d&° |8 || |a =25 |&|& | &
Portland, No.2. . . . 58 | . . 192 | 500 | 240 | 14 90 | 1,004
HartfordCity . . . .| 82, .. .. .| 180 | 533 | 140 40 963
Fairmouant, No. 1. . . 3. . . .. .| 309| 350 | 240 |31 41 965
okomo, No 4. . . . er). ... .. 30 3w | 25| 1|2 97 958
Latayette, Porter's. . . .| 280 . ... S5u | 300 198 (20| 58| 1,148
Oxford . . . ... .. 38 (..[...| 100 50 30| 25| 25| 188 (20| 570 | 1,283

At Decatur, Adams County, the top of Trenton limestone is 223
feet below sea level; at Huntington, thirty miles west, it is 247 feet
below sea level; at Wabash, nineteen miles west of Huntington, it is
197 feet below; at Logansport, twenty-nine miles west of Wabash, it is
344 feet below; at Monticello, a little more than twenty miles west of
Logansport, it is 338 feet below, and at Kentland, about twenty-five
miles west of Monticello, it is 379 feet below. The westward dip of the
strata from Decatur to Huntington is less than one foot to the mile;
from Huntington to Wabash it rises at the rate of about 2} feet to the
mile; from Wabash to Logansport the dip is at the rate of 5 feet to the
mile; from Logansport to Monticello it rises at the rate of } foot to
the mile, and from Monticello to Kentland falls or dips at the rate of
13 feet to the mile.

Table No. 14 shows the thickness of strata drilled through in wells at
the above named places, the depth of Frenton rock below sea level, etc. :
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TABLE No. XIV.

< . . é “ E

£l s| B B|l.2| & 2= 8
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T lo|22|5 |Bm|2f|2a| 3 | = 2| 3

alel& |8 |5 |8 g% m |5 |&|& &
Decatur. . - - . . .. ».. «| 0| s0| 2|10 22| 1,00
Huntington - - - |, |- it R a2 | Bs || 20 | 1oz
Wabash,No. - o 111 28 |11 D01TIT W0 s | a0 | 168 (b4 | 168 | am

ogansport, INO R PR o« o). S .. .
Monticdllo .~ . - g8 | s i | s | Lo
Kentland, . . . . . . 100 |.|:" 7100 | 45 |i:"| 03| 300| 210 | 60| 3| 1,120

Ft. Wayne is about fifteen miles north of Decatur, and about eight
miles west. At Ft. Wayne, in well No. 2, Trenton rock is about 650
feet below sea level ; at Columbia City, twenty miles northwest, it is 545
feet below sea level ; at Rochester, about thirty-eight miles west, and a
little south of Columbia City, it is 351 feet below sea level ; at Kewana,
eleven miles west of Rochester, it is 274 feet below sea level ; at Francis-
ville, twenty miles west of Kewana, it is 200 feet below sea level; at
Renssalaer, eleven miles west of Francisville, it is 158 feet below sea
level. It will be noticed that there is an eastward dip of the rocks all
the way across the State from Renssalaer to Ft. Wayne, the average dip
is about 5 feet to the mile.

The following table, No. 15, shows the thickness of the various strata
encountered in drilling wells for gas at the points above mentioned,
depth to Trenton rock, altitude of Trenton rock as compared with sea
level, ete. :

TABLE No. XV.
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Fort Wayne,No.2.| 110]. .| . .|... 34| 571 410 312 21 | 650 | 1,458
Columbia City . . .| 224 |..|. . [P P .. .| 526 | 400 217 39| 545 | 1407
Rochester . . . .. 245 |. . . PN 40 40| 460 ( 260 10l 24| 31| 1,18
Kewana . ... .. 170 . o}« . o] .. 500 | 26| 176 29 | 274 | 1,08
Francisville . . . . 81..0 . ... 30| 612 23| 100 10 | 200 65
Rensselaer . . . . . 0(..]... 35| 500 226( 100 30| 158 | 1,275

At Auburn, twenty-two miles north of Ft. Wayne, Trenton rock is
1,069 feet below sea level; at Albion, twenty miles west of Auburn,
it is 963 feet below sea level, and at Warsaw, twenty-five miles south-
west of Albion, it is 570 feet below sea level. From Warsaw to Albion

-
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'
it dips at the rate of about 8 feet to the mile, and from Albion to Au-
burn it dips at the rate of about 10 feet to the mile. Throughout this
rection of the country the dip is either east, northeast or north.

The following table, No. 16, shows the thickness of the strata en-
countered in drilling wells-at the above mentioned places, together with
the depth of the Trenton rock, distance of Trenton rock below sea
level, etc. :

TABLE No. XVI.

¢ -

Shale.
Sea Leyel
Total Depth.

STATIONS.

Drift.
Coal Measures.
Sub-Corbon-
iferous.
Devonian
Lower
Helderberg.
Ni a8
:n?lblinwn .
Trenton Below

U
R m:lerbeu.

-

g
s
358

191
1,464

ggg Hudson River.

§§§ Uties.
. 2% | Trenton.

8
28
828

>
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Goshen, Ind., is twenty-four miles north of Warsaw. At Goshen the
top of Trenton rock is 1,076 feet below sea level, which is 506 feet
below the top of the same rock at Warsaw; at South Bend, twenty-
five miles west of Goshen, the top of Trenton limestone is 855 feet be-
low sea level; at Valparaiso, forty-five miles west by southwest of
South Bend, the top of the same rock is 602 feet below sea level. The
dip from Valparaiso to South Bend is about 6 feet to the mile, and from
South Bend to Goshen, it is about 9 feet to the mile.

The following table, No. 17, shows the thickness of the strata en-
countered in drilling wells at the above mentioned places, together with
the depth to the top of the Trenton limestone, the distance of Trenton
below sea level, etc. :

TABLE No. XVIL

' . | os| 8| g] 8 £ .
@ [ = e > o — -=
I E.|c2| 2| 2| 2| = R
STATIONS. ! FEREL H S| 35| a s |88 a
: (92|18 [s2 |82 |gu| 8| 4| 2 [S9] =
L€ (288 |S5|52(2%5| 2|2 |5 |38|3
(&858 || F 5| 5|58 8
Goshen . . . .. .... 165 360 60 32| 728 307| 25/.. [L018]. .
South Bend . . . . . . . I 160 20" 60| 40 700 20| 200|427 5| 2077
Valparaiso . . . . .. .13 62 70 80| 506 200 186 144 602) 1,444
| ) |

It is easy to discern, after a mere cursory examination of the facts
disclosed in the foregoing tables, that there is a general northeasterly




3

STRUCTURAL FEATURES OF INDIANA. 233

dip of the strata in the northern part of the State, and a general south-
westerly dip of the strata in the southern part of the State The wide
extent of territory included in the Indiana gas area is at the summit of
a vast ridge running northwest and southeast, and which slopes off
rapidly towards the northeast and the southwest. This ridge extends
entirely across the State. The largest accumulations of gas are found
- along the summit of the ridge, rather than upon the sides. The ridge
itself slopes very gradually towards the northwest. A straight line from
Cambridge City, where the top of the Trenton limestone reaches its
extreme limit of height, 174 feet above sea level, to Renssalaer, Jasper
County, also on the summit of the ridge, will pass almost direetly
through New Castle, Anderson, Tipton, Delphi and Monticello. The
following are the elevations of Trenton rock at points named :

Cambridge City . . . . . . e e e e e 174 ft. above sea level.
NewCastle, No.2 . . . . . . . ... ... 120 ft. above sea level.
Anderson . . . . . . .. ... .. . . 66 ft. above sea level.
Tipton . . « « « « « v o v e e 127 ft. below sea level.
Delphi,No. 2. . . . ... . . e e e .. 350 ft. below sea level.
Monticello. . = . . . ... ... ..... 338 ft. below sea level.
Renssalser. . . . . . . . . v o oo .. 158 ft. below sea level.

The extreme elevations of the ridge, however, do not follow an exact
line, but swerve to the north somewhat in the vicinity of the Wabash
River. Roughly following the summit of the ridge, as far as facts have
been disclosed, the following points would be touched: Renssalaer,
Francisville, Royal Center, Peru, and from there to Anderson and the
other points occurring on the line given above.

The ridge itself, as before stated, slopes off gradually to the north-
west. At Cambridge City its summit is 174 feet above sea level; at
Renssalaer it is 158 feet below sea level, a fall of 332 feet in a little
more than 150 miles, or a little more than 2 feet to the mile. In the
vicinity of the Wabash River, however, there is a slight sag or depres-
sion of the summit of the ridge, the top of the Trenton limestones being
about 75 feet lower in that vicinity than they are at Renssalaer. In
speaking of this vast ridge or anticline it is understood, of course, that
reference is made wholly to the elevations of strata and not to the sur-
face nor superficial deposits that are not always conformable.

In every direction from the vast plateau-like elevation that contains
the Trenton gas, except to the southeast, thefe is a more or less rapid
dip of the strata. Southeast from the gas area the Trenten limestones
rise gradually until finally they appear at the surface in northern Ken-
tucky.

In the search for natural gas wells have been drilled in greater or less
numbers in nearly every county in the State, and, so far as it has been

16—GxoLoGY.
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possible to do so, complete records of these have been obtained. Fol-
lowing will be found a list showing the records of most of the wells
drilled prior to October 1, 1888. In many of the wells referred to
below little or no gas was found, but since these wells were drilled others
have followed in the same locality with productive results.

The sections given will be found convenient for reference and com-
parison, and for greater convenience the towns enumerated have been
arranged alphabetically.



SECTIONS OF NATURAL GAS WELLS IN INDIANA.

ALBION,

SectIoN oF WELL No. 1.

Drift . .. ... .. .... e e e e e e e e e e e e e e . 375 feet.
Devonianshale. . . . . . . . . . .. . . . ... 65 «
Devonian limestone . . . . . . . . . . . .. L L0000 e . 65 «
Sandstone . . . . . . e e e e e e e e e e e e e e e e e 5 ¢
Hydraulic limestone . . . . . . . . . .. ... .. .. 30 «
Niagara and (Clinton?) limestone andshale . . . . . . ... ... 815 «
Hudson River limestone andshale . . . . . . . . .. ... .. .. 285 ¢
Uticashale. . . . . . e e e e e e e e et e e e e e e e e e 250
Trenton limestone. . . . . . « . - ¢« ¢ ¢ v v o ae o0 s e 28
Totaldepth. . . . . . . .. .. e e e e e e e e e e 1,914 feet.
Trenton belowsealevel . . . . . . . . . . . . ..o .. 973 ©

Yielded small flow of gas.
ALEXANDRIA.

SecrioN oF WELL No. 1.

Drift. . . « . ¢ & . o e e e e e e e e e e e e 20 feet.
Niagara limestone. . . . . . . . . . .. ... 261 «
Hudson Riverand Utica. . . . . . . . . . . . ... ... .... 611
Trenton limestone. . . .« « « « = ¢ ¢« 4 v ¢ v v e b e e e 5
Totaldepth. . . . . . ... ... e e e e e e e 897 feet.
Trenton below sealevel . . . . . . . . . . . . . ¢ . v 0. 40

Yielded strong flow of gas.

AMBOY.

SecrioN oF WELL No. 1.

Drife. . . .. .. ... .. C e e e e e e e e e e e e e e .. . 35 feet.
Niagara limestone and shale. . . . . e e e e e e e e e e e e 350 «
Hudson Riverand Utica. . . . . . . . . . ¢ . v vt v v . 522 «
Trenton limestome. . . . . . . . « . . . v i e i e e e . 38 «
Totaldepth. . . . . . . . . .. ..o vt 940 feet.

Yielded strong flow of gas.



236 REPORT OF STATE GEOLOGIST.

ANDERSON.

8SectioN OF McCuLrLoueH WELL, No. 2.
Drift. . . . . . ¢ o i i i i i it e i it et e et e e e 114 feet

Niagara limestone and shale . . . . . . . . e v e e e e e e 186 «
Clinton (?) . . . . .. ... D
Hudson Riverand Utica. . . . . . . ... ... ... ...... 494 ¢
Trenton limestone. . . . . . e e e e e e e B B

Total depth . . . . .. .. e e e e e e e e s - o« . . 838 feet
Trenton above sea level . . . . . . .. F .

Yielded very strong flow of gas.,

ANDREWS.
8EectioN oF WELL No. 1.
Drift. . . ... .. e e e e e N (1 S
Niagara limestone. . . . . et e e e e e e e e e e e 300 “«
Hudson River and Utica. . . . . . . . . .. P . 562 «
Trenton limestone. . . . . . . . . .. ... c e e s s s e e e e. 36«
Totaldepth . . .". .. . .. ... .... e e e e e e .. 968 feet
Yielded no gas.
AUBURN.
SecrioN oF WELL No. 1.
Drift. . . . . ... e e e e e et e s e e e aae e e s 280feet.
Blackshale. . . . . . ... ... .. e e e e e e e e e e e o. 120 «
Corniferous, Water-lime and Niagara . . . . . . ... . ... .« .. 963 ¢
Hudson River limestone andshale . . . . . . . .. .. .. e v .. 306 ¢
Uticashale. . . . . . . . . . . . i i i e e e e e e e e e 268 «
. Trenton limestone. . . . . . . . . . . .« . . . . i v v vt e u.. 27 ¢
Total depth. . . . . . . ... .. ... .......... 1,664 feet.

The pressure of this gas well was 350 pounds in two hours. In five
minutes it went to .125 pounds, in 13 minutes to 200 pounds, in 48
minutes to 300 pounds, and in two hours to 350 pounds. The volume
of gas is very strong.

BLUFFTON.
SecrioN oF WeLL No. 1.

Drift. . . . ¢ ¢ ¢ ¢ . e e e e e e e e C e e e e e e e e 12 feet.
Niagara limestone andshale. . . . . . . . . ... ... .... . 413 «
Hudson River Jimestone andshale . . . . . . . .. C e e e e .. 340
Uticashale. . . .. & . ¢ 4 vt ¢t it e et e et e e e e e e 285 «
Trenton limestone. . . . . . . . . . ¢ . v o ittt e e . 150 «

Totaldepth. . . . . . . .. . . o v e e 1,200 feet.
Trenton belowsealevel . . . . . . . . . .. st e e e e e e . 218

Yielded no gas.
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BLUFFTON.

SecrioNn oF WeLL No. 2.

Drift. . . . .. e e e e e e e e e e e e e e e e e e e e 51 feet.
Waterlime. . . . . . . . . . . i i i e e e e e e e e e e e e e 30 «
Niagara limestone . . . . . . ... ... ........ e .. 479 ¢
Hudson River limestone and shale . . . . . . . . .. e e e e ... 840 ¢
Uticashale. . . . « ¢« v v ¢ v v ¢ v v v 0o v s o e e e e e e 175 «
Trenton limestone. . . . . ... ..... e e e e e e 31 «
Totaldepth. . . . . . .. ... .. .. e e e e e e v+« 1,108 feet
Trenton belowsealevel . . . . . . . . .. ... ... [ L
Yielded no gas. . .

Well No. 2 is located about one-half mile northwest of well No. 1.

BRIDGEPORT.

SecrioNn oF WELL No. 1.

Drift. . . . ... ... ... e e e e e e e o e o s o oo« 140 feet.

Devonianshale. . . . . . .. ... .... e e e e e e e s 124 «
Corniferous limestone . . . . . . .. .. ... .. s e e e e e . 40«
Niagara limestone. . . . . . . . .. C e e e e e e e e e e ee. 20 ¢
Hudson River limestoneandshale . . . . . . . o ¢ . .. oo ... 475 «
Uticashale. . . . . .. ... ... e e e e e e e e e ... bb
Trenton limestone. . . . . . . . ... C e e e e e e e e e e e 74 “
Totaldepth. . . . . . . .. ... ..... et e e e e e 1,108 feet.
Trenton belowsealevel . . . . . . .. ... .. e e e e e e e 247 «

Did not yield gas.

’
BROAD RIPPLE. ‘
8ecrioN- oF WeLL No. 1.

Drift . .. .. e e e e e e e e e e e e e e e e e e e o« . bbfeet.
Corniferous limestone . . . . . . . . . . . ... ... .. 48 «
Niagara limestone . . . . . . . . .. ... ........ ... 267 ¢
Hudson Riverand Utica . . . . . . . . . . ......... . b04 ¢
Trenton_ limestome . . . . . . . . . . i i i e et e e e e e .. 24 «

Total depth « « « v « « v v e vt e e e .. 888 «
Trenton below sea-level . . . . . . . . .. e e e e e e e e e . 109 «

Yields a small quantity of gas, also a small quantity of oil.
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BROOKVILLE.
SkcTioN oF WELL No. 1.
Hudson River and Utica . . . . . . .. ... e e e e e e e e 550 feet.
Trenton limestone . . . . . . . . . . . . .. . Lt i et e 120 «
Totaldepth . . . . . . .. ... .. ... .. ...... 670 ¢
Trenton abovesea-level . . . . . . . . . . . . ... ... .. 174 ¢

Produces a small quantity of gas

BROWNSTOWN.
SectrioN oF WELL No. 1.

Drift ... .. ... S ©. o 43 feet.
Knobstome shale . . . . . . . . . . . . . . . . . e 275 «
Devoniansghale . . . . . . . . .. .. .. ...... e e e e ... 147 ¢
Corniferous and Niagaralimestone . . . . . . . . . .. ... .. . 225 “«
Hudson River and Utica . . . . . . . e e e e e e e e e e e .. 658 ¢«
Trenton limestone . . . . . . . . . ¢« « v v e e e . . 100 «

Total depth . . . ... . ... ... .. e e e e e e 1,448 feet.

Yielded no gas, but at a depth of 1,371 feet a slight flow of oil was obtained.
The bore was continued to a greater depth after this section was obtained.

BRYAN, OHIO.

SectioN oF WELL No. 1.

Drift . .« ... o0 e e e e . e e e e e e e e e e e 76 feet.
Devonianshale . . . . . . . .. ... .. ... 00000 74 ¢
Corniferous, lower Helderberg and Niagara limestone . . . . . . . . 1,060 «
Hudson Riverand Utica . . . . . . . . . .. .. ... ... .. 636
Trenton limestone . . . . . . . . . . . . ..o e e 38 «
Totaldepth . . . . . . . ... .. ... ... ... 1,983 feet.
Trenton belowsealevel . . . . . . . . . . .. .. .00 1,180 «

Rock pressure accumulated in ten minutes 185 poundseper square inch.

In well No. 2, at the same place, oil and gas were both found at a
depth of 2,035 feet, and salt water at 2,037 feet. In this well Trenton
rock was reached at a depth of 1,990 feet, 1,270 feet below sea-level.

BUNKER HILL.

S8ecrron oF WEeLL No. 1.

Drift. « v« o e e e e e e e e e e e e e e e e e e e e e e 58 feet.
Corniferous and Niagara limestone . . . . . . . ... ... ... . 503 «
Hudson Riverand Utica. . . . . . . . . .+ ... ... 0. .. 43] «
Trenton limestone . . . . . . . . . . . . .. ... .. e e . 12«
Totaldepth . . . .. ... .. ... .. ... ... .« 1,004 feet.

Trenton below sea level . . . . . e e e e e e e e e e e e .. 1085 ¢
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BUTLER.
SectioN oF WELL No. l..
Drift. - . ¢« v v v e e e e e e e . 378 feet.
Hamiltonshale. . . . . . . .. . ... ..... .. e e e e 108 ¢
Corniferous Water-lime and Niagnra . . . . . . . . . . ... .. - 1064 «
Hudson Riverand Utica. . . . . . . . . . ... ... .. .. . 500 ¢«
Trenton limestone. . . . . . . . . . . .. e e e e e e e 89 «
Totaldepth. . . . . . . . . .. . . ... ... ... ... 2,139 feet.
Trenton belowsealevel . . . . . . . . . . .. .. ... ... .. 1,187

Yielded small flow of g8, which was found at a depth of 27 feet in Trenton
rock.

CAMBRIDGE CITY.

SecrioN oFr WeLL No. 1.

Drift. . .. ... ... . ... e e e e e e e e e e 96 feet.
Niagaralimestone . . . . . . . . . . . .. ... 2«
Hudson Riverand Utica. = . . . . . . . . . ... ... ... .. 668
Trenton limestone. . . . . . . . . « . . .. ... e 134
Totaldepth . . . . ... ... ....... e e e e 900 feet.
Trenton abovesealevel. . . . . . . . . . . . . ... ... ... 174 ft. 6 in.

Did not yield gas.

CICERO.
SecrioNn oF WELL No. 1.
Drift . . . . 0 . o o e e e e e e e e e e e e e e e e e e 161 feet.
Niagara limestone andshale . . . . . . . . . . ... ....... 300
Hudson Riverand Utica. . . . . . . . . . . ... ... ... .. 490 *¢
Trenton limestone . . . . . . . . . . .. ... . ... .. 32 «
Totaldepth, . . . . . . . . ... ... ... 983 feet.

A medium flow of gas was found at a depth of 966 feet, and a consid-
erable flow of oil at 9745 feet, the yield of which is 5 to 20 barrels per
day.

COLUMBIA CITY.

SecrioN or WELL No. 1.

Drifd . . ¢ . o o e e e e e e e e e e e e e e e e oo 9224 feet.
Niagara limestoneandshale . . . . . . .. ... ......... 526
Hudeon River limestoneandshale . . . . . . . . .. ... .. .. 400 «
Uticashale. . . . . . . . ¢ . & ¢ i i ittt i e e e e e 218 «
Trenton limestdme. . . . . . . . ¢ ¢« v v v v i b0t e e e .. . 39«
Totaldepth . . . . ... ... ... ... .. .... 1,407 feet.
Trenton belowsealevel . . . . . . . . . . . . ... ... .... 5456 «

Yielded a trace of gas.
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COLUMBUS.
SecrioN oF WELL No. 1.

Drift. . « v oo ... E 26 feet.
Devonianshale. . . . . . . . . .. ... ... .... e e . 87 «
Corniferous limestone . . . . . . . . . . . . .. . .. .. ... 32 ¢«
Niagara limestone . . . . . . . . . . ... .00 235 «
Hudson River limestone and shale . . . . . . e e e e e e e e 440 ©
Uticashale. . . . . . . ... . . . o . . .0 0. f ... . 135 ¢
Trenton limestone . . . . . . . . « « .« .. e e 166 «

Totaldepth . . . . .. .. ... ... ... ...... 1,110 feet.
Trenton below sealevel . . . . . . . . . . .. ... ... .... 311 «

Yielded no gas.

CONNERSVILLE.
Sxcrion oF WELL No. 1.

Drift, Hudson Riverand Utica .. . . . . . . .. .. ... ... 712 feet.
Trenton limestone. . . . . . . . . et e e e . e e e e e e e 522 «
Potsdam sandstone. . . . . . . . e e e e e e e 12 «
Total depth. . . . . .. ... e e Sooe e e . 1,246 feet.
Trenton above sealevel . . . . . . . . . . . .. ... ... ... 120 “
Yielded a small flow of gas.
CONNERSVILLE.
SecrioNn oF WEeLL No. 2.
Drift. « o v v v v v e e e B 90 feet.
Hudson Riverand Utica. . . . . . . . . . . . . . .. .. .... 615 ¢
Trenton limestone . . . . . . . . ... ... .. .... ... 8L %
Totaldepth . . . . . .. .. .. .. ... ...... . 766 feet.
Trenton above sealevel . . . . . . . . . . . ... ... .. P ) VAR
Yielded small flow of gas. '
CRAWFORDSVILLE. !
8ecrioN oF WELL No. 1.
Drift. . . . ... ... e e e e e e e e e e e e e e e 140 feet.
Sub-Carboniferous rocks. . . . . . . . .. .. .. ... ..., 410 «
Devonianshale. . . . . . . . . . ... .. ... L, . 8Os
Corniferous limestones . . . . . . . . . . . . 00 e . 55 -«
Niagara limestones . . . . . . . ... ... ... e e e e . 380 ¢
Hudson Riverand Utica . . . . . . . . . . . .. v v oo 385 «
Trenton limestone . . . . . . . e e e e e e e e e e e e .. 69«
Totaldepth . . . . . . .. ... v i v v i v oo v 1,499 feet.
Trenton belowsealevel . . . . . . . .. ... .... e e e . 664 «

Yielded no gas.
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DECATUR.
8ecrioN oF WELL No. 1.
Drift . . .o o o v v v v v v v .. e e e e e e e e e e e 39 feet.
‘Water-lime and Niagara limestone . . . . . . . .. .. ... ... 480 «
Hudson Riverand Utieca . . . . . . . . .. . ... .. ..... 511 «
Trenton limestone . . . . . . . .. .. .. .. .. e e e e e 10 «
Totaldepth . . . . .. .. ... .. ........0...1040 feet.

Trenton below sea level . . . . . e e e e e e e e e e e e e e 223 ¢
Yielded no gas.

DELPHI.
8ecrion or WeLL No. 1. )
Niagara limestone. . . . . . . . ... e e e e e e e e e 687 feet.
Hudson River limestone and shale . . . . . . . . ... crt ... 2200
Uticashale. . . . . . . . . . . .« . .. oo 93 «
Trenton limestone. . . . . . . .. .. .. P P
Totaldepth. . . . . . . .. ... .. ...... ... .o 912 feet.
Trenton below sea level . . . . . . C t e s s e e ettt e e 834 «
Yielded no gas. '
DELPHI.
SECTION OF Wzm, No. 2.
Niagara limestone. . . . . . . . . ... e e e e e e e e e 565 feet.
Hudson River and Uticashale. . . . . . ... ... .. .. ... 361 ¢
Trenton limestone. . . . . . « . . ¢ « « vt v e v v v e .. 434 «
Potedamsandstone . . . . . . . . . ... oo e e 12 «
Total depth. . . . . e e e e e e e e e e e e e e e 1,362 feet.
Trenton belowsealevel . . . . . . . ... ... ... .. .... 850 «
Yielded no gas.
DELTA, OHIO.
SecrioN oF WeLL No. 1.
Drift. . .50 ¢ ot e e e e e e e e e e e e e e . 117 feet.
Devonianshale. . . . . . . .. .. e e e e e e . . 133 «
Devonian limestone . . . . . . . . ... ... 0000 45
Water-lime and Niagara limestone . . . . . . . .. .. ... c .. T8
Houdson Riverand Utica. . . . . . . .. . . .. ... .. .. . 1,030 «
Trenton limestone. . . . . . . « o ¢ v v v v v it e 239
Totaldepth. . . . . . . . ... ... ... ... o o 2,301 feet.
Trenton belowsealevel . . . . . . . .. ... ... A 7

Moderate flow of gas.
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DUNKIRK.
SecrioNn oF WELL No. 1.

Drift. . . . . . « o . e e e 60 feet.
Niagara limestone. . . . . . . . . ... ... ... ....... 230 ¢
Hudson Riverand Utics. . . . . . . . . . . . . . . ... .... 640 «
Trenton limestone. . . . . . . . . . . . . . ... 0. 25 «

Totaldepth. « - « « o v o ot e " 955 feet.
Trenton abovesealevel . . . . . . . . . . . .. ... .... .. 39

Yielded very strong flow of gas.

In this well gas is found in the shale of a depth of 462 feet, which
burns from the well head, making a flame eight feet high.

ELKHART.
SectioN or WELL No. 1.
Drift. . . .. ..... e e e e e e e e e e e e e e o 122 feet.
Sub-Carboniferous shale (gray ehale) . . . . . . . . . . ... ... 213 ¢
Hamilton blackshale. . . . . . . . ... ... ........ 216 «
Corniferous limestone . . . . . . . . . . .. e e e e e e e e e 65 ¢

At this depth the well was abandoned, under the erroneous belief that
the drill had passed through the Hudson River and Utica shales, and
that the Corniferous was Trenton limestone.

ELWOOD.
A
SecrtioN or WeLL No. 1./
Drift . . ... ... .. e e e e e e e e e e e e e e e e e 106 feet.
Limestone andshales . . . . . . . .. ... ..., 834
Trenton limestone . . . . . . . . . . . .. .0 0o e e e . 8 «
Totaldepth. . . . . . . . . .. . i vt e 948 feet.

Yielded strong flow of gas.

ELWOOD.
SectioN oF WELL No. 2.

Drift . & ¢ ¢« o e e e e e e e e e e e e e e e e e e e 54 feet.
Niagaralimestone. . . . . . . . . . . . ... ..., 270 «
Hudson River limestone andshale . . . . . . . e e e e e e e 260 “«
Uticashale. . . . . .. . ... .. . 340
Trenton limestone . . . . . . . . . . . ... e e 16 «

Totaldepth . . . . ... ... e e e e e e e e e e e 940 feet.
Trenton belowsealevel . . . . . . . . . . . .. ... ... ... 66 ¢

Yielded strong flow of gas.
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FAIRMONT.
SecrioN oF WELL No. 1.

Drift . . . . o e e e e e e e e e e e e e e e e e e e 35 feet.
Niagaralimestone . . . . . ... ... ............. 309 «
Huodson Riverand Utiea. . . . . . . . . . . . . . . .. .. ... 590 «
Trenton limestone. . . . . . . . . . . . . . ¢ i 31 ¢«

Totaldepth . . . .. .. .. .. ... e e e .« 965 feet.
Trenton belowsealevel . . . . . . . . .. .. .. .. e e 4] «

Yielded very strong flow of gas.

FAIRMONT. ,
SecrioN oF WELL No. 2.

Drift . ... ... e e e e e e e e e e e e e e e e e 17 feet.
Niagara limestone and shale . . . . . . . .. e e e e e e e e . 305 «
Hudson Riveraod Utica. . . . . . . . . . . . .. ... ... .. 588 «
Trenton limestone. . . . . . . . . . . . . . ... ... ... 54 «

Totaldepth . . . . . . .. ... .. ... ... ..., 964 «
Trenton belowsealevel . . . . . . . . . .. ... ... ..... 23 «

Yielded very etrong flow of gas.

FARMLAND.
S8ecrioN or WELL No: 1.

Drift. . . .. ... B A c e e e e e e e e « « 55 feet.
Niagaraljmestone. . . . . . . . . . . .. .. ... ..., 160 «
Hudson River limestone andshale . . . . . . . .. . ... .., .. 585 «
Oticashale. - . . .« . « ¢ . v . . o i e e e e e 185 ¢
Trenton limestone. . . . . . . . . . .. ... ... L. ... 32 «

Totaldepth . . . . . . .. . .. .. ... ... ... 1,017 feet.
Trenton abovesealevel . ... . . . . . . . .. .. ... .... . 55 «

A good flow of gas was found at a depth of 995 feet.

FT. WAYNE.
SzcrioNn oF WELL No. 1. Finisgep Nov. 18, 1886,
Drift . ...oooon.. e e e e 77 feet.
Water-lime. . . . . . . ¢ . v v o0 e e e e e e c e .. 80
Niagara . . . . . . . . . . . . L L oo e 570 «
Hudsgn Riverand Utica . . . . . . . . . .. ... ... .... 751 &
Trenton limestone . . . -« ¢ v ¢ « ¢« 4 v e it e e e e e . 15 «
Totaldepth . . . . . . . .. . . ..o v v 1,443 feet.
Trenton below sealevel . . . . . . . . . . .. .. ..... 693 «

Gas with an initial pressure of 160 pounds to the square inch was found
upon reaching Trenton rock at a depth of 1,428 feet; at a depth of 1,431
feet a considerable quantity of oil was found.
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FT. WAYNE.

SecrioN oF WELL No. 2

Drift « o ¢ ¢ v v ittt e e e e e e e e e e e e e e e 110 feet.
Lower Helderberg . . . . . . . . . ... ... ... ..., 34«
Niagara limestoneandshale. . . . . . . .. ... .. ... .. . 611«
Hudson River limestoneand shale . . . . . . . . . ... .. ... 410 “
Uticashale . . . . o ¢« . ¢« ¢« ¢t v v v 0 v i e et e e e e 312 ¢
Trenton limestone . . . . . . . .. .. . ... C e e e e 21 «
Total depth . . . . .. ... . ....... o o« e e . 1,458 feet.
Trenton below sea-level . . . . . . . . . . ... ... .... .. 650 ¢«

Yielded no gas. Salt water, however, was found in considerable quantities.

FT. WAYNE.

8SecrioN oF WELL BoRED oN SecTION 4, TowNsHIP 32, RANGE l\2, PERRY
TownsHIP, ALLEN CoUNTY, BY PROF. DRYER.

Surface above sea level . . . . . . . ... ..o L0 L L. 844 feet
Drift . . . .. . ... 0. e e e e e e e e 281 “
Limeetone . . « « « ¢« « v v v e 4 4 v 0 ... e 749 «
Whiteshale . . . . . . . . . . i v v e v v v v v v S 430 “
Blackshale . . .. ... ... ..... e e e e e e e e e 240 “
Trenton limestone . ... . . . . . . . . . i 0t it e .. 52 ¢

Total depth . . . . . . . e e . 1,752 feet.
Trenton below sea level . . . . . e e e e e e e e e e e e e 856 “

Did not strike gas, oil nor salt water. .
FOWLER.

SzcrioN oF WELL No. 1.

Drift « ¢« ¢« ¢ ¢ o v 0 6 v 0 0 0 bt e e e e e e e . 280 feet.
Devonianblack shale . . . . . . . . . ... ........... 92 “
Corniferous limestone . . . . . . . . . . ... .. ... ... - 40 ¢
Niagara limestone . . . . . . . ... ... ..., ... .. 828
Hudson Riverand Utica. . . . . . . . . . ... ... ..... 255 “
Totaldepth . . . . . . ... .. . ........... 995 feet.
Trenton below sealevel . . . . . . ... . .. ........ 181 ¢

Did not yield gas.
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FRANCISVILLE.
SecrioN oF WELL No. 1.

Drift. o« o ¢« ¢ ¢ o 0 v v v o e e e e e e e e e e e e e e e e e
Niagdra limestone . . . . . . . . . . ¢ . 0oL
Hudson River limestone andshale . . . . . . .. ... .. ...
Uticashale. . . . . . . . . . ¢ . ¢ ¢ e e e e e e
Trenton limestone. . . . . . . . . . .. . .. L0000 ..

Totaldepth . . . . . . . . .. ..o
Trenton belowsealevel . . . . . . . . .. ... .. e e e

Yielded a small quantity of gas.

Petroleum was found in the shales at & depth of 630 feet, which a
ulated in the bore at the rate of about 25 barrels per day. The o
duced was a heavy grade, and made a fair lubricator upon actus
Another stratum bearing oil occurred in the Trenton rock at a dej
885 feet. The yield, however, being less than that from the st

above. . .
FRANKFORT.
S}n(mou oF WELE No. 2.

Drift . & ¢ v v v i e e e e e e e e e e e e e e e e e e e
Niagara limestone and shale . . . . . . ... .. ... e e
Trenton limestone. . . . . . . . . .. e e e e e e e e e e e
Hudson River and Utica. . . . . . e e e e e e e e PN
Trenton limestone. . . . « « + ¢ v ¢ v ¢ ¢ ¢ v 4 v b e e e
Total depth. . . . . . . e f e e e e e e e e e e

Trenton belowsealevel . . . . . . . . . . . . ... .00

Yielded no gas.

FRANKTON.
SkcrioN or WELL No. 1.
Drift . .. ... ...0W0 ... e e e e e e e e e e e
Niagara limestoneandshale. . . . . . . .. .. .. ... ...
Hudson Riverand Utica. . . « « ¢« = + « ¢ v v o o v v e v v v o
Trenton limestone, . . . . . . . .. . . . e e e e e e
Totaldepth. « « . « « v ¢ ¢ v ¢ v v v v 0 bW
Yielded good flow of gas.
GALVESTON.
SecrroN or WELL No. 1.

Drift. . . .. . ... e e e e . e e e e e e e e
Corniferous and Niagara limestone . . . . . . . . ... .. ...
Hudson Riverand Utica . . . . . . . . ... .. .. C e e .
Trenton limestone. . . . . . . . . .

U Totaldepth « ¢ v v v v v vl

Yielded no gas.

245
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GARREIT.

) SecrioNn oF WeLL No. 1.
DepthtoTrenton . . . . . . .. ............
Totaldepth. . . . . . . . . ... .. ..........
Trenton belowsealevel . . . . . . .. ... . . .. .

Yielded small flow of gas.

GOSHEN.
SEcTION OF WELL No. 2.

Drift. . . ... . e e e e e e e e e e e e
8hale, Sub-Carboniferous and Devonian. . . . . . . . . . .
Corniferous limestone . . . . . . ... ... ... ....
Water-lime. . . . .. ... ...............
Niagara limestone. . . . . . . . .. ... . . ... . .
Hudson River limestone andshale . . . . . . . . ..
Uticashale. . . . . . . .. .. J
Trenton limestone. . . . . . . . ... ... b e e e

Totaldepth. . . . . . . . =‘ ............
Trenton below sea level . . . . . e e e e e e e e e e

Yielded no gas.
GREENFIELD.

SEectIoN oF WELL No. 1.

Drift. . . ¢ o o 0 0 o e e e e e e e
Niagara limestone. . . . . . ... ... .........
Hudson Riverand Utica . . . . . . . . . ... ... ...
Trenton limestone . . . . . . . . . ... .. .......

Totaldepth . . . . . . ... ... ......... .
Trenton below sea level. . . . . . . e e et e e e

Yielded very strong flow of gas.

. GREENSBURG.

SecrioN oF WELL No. 1.

Drift. . . - . . . . . e e e e
Niagara limestone. . . . . . . . .. ... ... .....
Hudson River limestone andshale . . . . . . . .., . . ..
Uticashale. . . . . . . . . .. ... .. ... ...
Trenton limestone. . . . . . . . . . . . .. ... . ...

Totaldepth. . . . . . . . ... ... ... ....
Trenton abovesealevel . . . . . . . . . . . ... . ...

This well yielded a small flow of gas.

7 feet.
90 “
B JE
... 1104
63 «

o« . . 983 feet.
e s . 220
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HARTFORD CITY.
SecrioNn or WeLL No. 1.

Drift. . . & . o o o e e e e e e e e e
Niagara limestone. . . . . . . . . . . . .. ... ... ..
Hudson River and Utica. . . . . . . . . .. e e e e e
Trenton limestone. . . . . . . . .. . . .. ... ...

Total depth. . . . . . e e e e e e e
Trenton belowsealevel . . . . . . . . . . . . ... .. ...

Yielded strong flow of gas.

0

HARTFORD CITY.

SectioN or WELL No. 2.

Drift . . o o e e e e e e e e e e e e e PR
Niagara limestone. . . . . . . . . . . .. ... e e
Hudson River limestone and shale . . . . . . . . . . . . . ...

Uticashale. . . . . . . .. . .. .. L.

Trenton limestone. . . . . . . . . .« . . .. . ...

Totaldepth . . . . .. ... ........

Trenton belowsealevel . . . . . . . . . . . ... . ... . .

Yielded very stroug flow of gas.

HAUGHVILLE.

SectioN oF WELL No. 1.

19 3
Corniferou~ and Niagara limestone . . . . . . . . . . .. . ...
Hudson Riverand Utica . . . . . . . . . ... .. ...
Trenton limestone. . . . . . . . . . . . . .. ... ...

Totaldepth . . . . . . . . . .. . . ... .. ...,
Trenton belowsealevel . . . . . . . . . . .. . . .. .....

Yielded no gas.

HICKSVILLE, OHIO.

8kcrioN or WELL No. 1.

Devonian and Upper Silurian limestone. . . . . . . . . . . ..

Hudeon Riverand Utica . . . . . . . .. ... . ... ...
Trenton limestone. . . . . . . . . . . . . . . . . ... ..

Total depth . . . . . . .. e e
Trenton belowsealevel . . . . . . . . . . ... ... .....

Yielded good flow of gas.

247

130 feet.
35 “

473 « °

30 «

983 feet
70 ¢

82 feet.
280 **
433 «“
140 «
32«
967 feet.
40 “

123 feet.
'300 “«
532 «
127 «

1,082 feet.
224 «

142 feet.
16 [
802
624 «
159 «

1,743 feet.
822 «

.
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HUNTINGTON..
8ecTioN oF WELL No. 1, DRILLED JusT SourH oF WaBasH RIVER.
73 ) 2 feet.
Niagaralimestone. . . . . . . . . . . ... ... ...... .. 398 «
#udson River limestone andshale . . . . . . .. .. ... .... 2i5
Uticashale. . . . . . . . . . .. . ... ... ... .. 320 ¢
Trenton limestone . . . . . i . . . . . . . i e e e e 39 «
Totaldepth . . . ... .. A e 1,034 feet.
Trenton belowsealevel . . . . . . . . . .. S, 256 « .
Yielded no gas.
HUNTINGTON.

Secrion or WELL No. 2, DriLLEDp 23 MirLes Eastr oF THE CitY, ON THE
NorTH SIDE OF THE RIVER.

Niagara limestone andshale. . . . . . . . ... ... .. .... 431 feet-
Hudson River limestone andshale . . . . . . . . ... ...\ .. 286 «
Uticashale. . . . . . . . . . . . . . .« i e e e e 315 «

Depth to Trenton limestone . . . . . .. ... .. .. . 1,012 feet.
Altitadeof well . . . . . . . . . . . .. ... . 00 765
oTrenton belowsealevel . . . . . . . . . ... ... ..... .. AT «

Yielded no gas. ’
JEFFERSONVILLE.
SectioNn oFr WELL No. 1.

Alluvium . . ... ... ..... e e e e e e e e e e e 45 feet.
Devonian limestone . . . . . . . . .. ... .. .. e e e e e 40 “
Niagaralimestone . . . . .. . ... ... .. ... ... 106 «
Clinton (?) limestone . . . . . O e et e s e et s 20 “
Hudson River limestone and sha.le ............ T . ... 646 ¢

DepthtoTrenton . . . . . . . . . ... . oo v 856 feet.
Trenton below sea level . . . . . . . e e e e e e e e e e e e 401 «

Yielded small flow of gas. '
JONESBORO.
8ecrioNn oF WELL No. 1.

0¥ {7 162 feet.
Niagara limestone . . . . . . . . .. .. .. ... ... 148 «
Hudson River limestoneand shale . . . . . . . .. .. ... .. . 405 ¢«
Uticashale . . . . . . . . . . . . . 0 i ot v vt v v .. .. 197 @
Trenton limestone . . . . . . . . . . . . ¢ ¢ it ettt . 23 ¢«

Totaldepth . . . . . .. ... .. ... ... e e e oo 935 feet.
Trenton belowsea level . . . . . . . . . .. ... ..... e el T2@

Yielded strong flow of gas.
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KENTLAND.

SECTION oF WELL No. 1.

1 (O
Blackshale . . . . .. .. .. e e e e e e e e e e e
Corniferous . . . . . . . . . .. ... L 0. L.
Niagaralimestone . . . . . . . . .. . .. ... .......
Hudson Riverlimes'one . . . . . . . . ... .. .. ... ...
Uticashale . . . . . . .. ... ... .. .. ........
Clinton (). . . . . . . v o v i 0 it i e e

Total depih .......................
Trenton belowsea level . . . . . . .. . ... ... ... ...

Yielded no gas.
KEWANA.

SectioN or WELL No. 1.

Drift . .. ... .. .. e e e e e e e e e e e e e e e e
Limestoneandshale . . . . . . . . ... ....... e e
Trenton liméstone . . . . . . . . . . . . ... ... . ...

Total depth . . . . .. ... ... ...... coee

Trenton belowsea level . . . . . . . . . ... ... ......

Did not yield gas nor oil.

KNIGHTSTOWN.
SectioN oF WELL No. 1.

Drift . .. .. ... 000, e e e e e e e e
Niagara limestone . . . . . . .. .. .. ..... e e e e
Hudson River limestoneand shale . . . . . . ... ... .. ..
Uticashale . . . . . . . . . ¢ o i i i i v i v et vt e
Trenton limestone . . . . . . . . . ¢« . o i et it

Total depth . . . . . e e e e e e e e e e
Trenton abovesea level . . . . . . . . . ... .....

‘Well yielded agood flow of gas.

KOKOMO.

Secrion oF WELL No. 4.

Drift. . . . .. ......... e e e e e
Water-lime and Niagara, . . . . . .. ... ... ...... -
.Hudeon River limestoneand ghale . . . . . . . . ... .. ...
Uticashales . . . . . . . .. .. ... ... .. ...,
Trenton limestone, . . . . @ . . .. .. ... ... ...,

Totaldepth, . . . . . . .. .. ... ... e e e e
Trenton'belowsealevel . . . . . . . . . ... ... ......

Yielded strong flow of gas.
17—GEoLoGY.
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LAFOUNTAINE.
SecrioN oF WELL No. 1. )
Drift. . . . & . . e e e e e e e e e e e e 300 feet.
Niagara limestone, . . . . . . . ... . e e . e L.. 2250
Hudson River limestoneandshale . . . . . . . . ... . .. . .. 175 «
Uticashale. . . . . . . ... .. ... ... ... ... .. 200 ¢
Trenton limestone. . . . . . . . . . . . . .. .. ... 23 «
Totaldepth. . . . . . . . .. . ... ...... o 923 feet.
Trenton belowsealevel . . . . . . . . . .. ... ..... ... 6 «

Yielded ve;'y strong flow of gas.

. LAWRENCE.
SEcTION OF THE DUNN WELL.
Drift. . . . ... .. .. .. ... e e e e e e e e e e 188 feet.
Niagara limestone . . . . . .. . ... ............ 272 «
Hudson Riverand Utica . . . . . . . . . . . ... ... .... 455 “
Trenton limestone. . . . . . . . . . . . . ... .. ... ... 40 «
Totaldepth. . . . . . . . ... . ............ 955 feet.

Yielded moderate flow of gas.

LAWRENCE.
SkcrioN oF KiMBERLY WELL.

Drift « . ¢ ¢ v o 0 ot e e e e e e e e e e e e e e e e 161 feet.
Niagdra limestone. . . . . . . . . . . ... ... 0., 207 «
Hudson Riverand Utica. . . . . . . . . . . . . ... ... ... 476 «
Trenton limestone . . . . . . . . . .. . . .. ... ..., 22 ¢«

Totaldepth. . . . . . .. . .. .. ... . .. . .... 876 feet.

Yielded a good flow of gas.
LAWRENCEBURG.
SecrioN or WELL No. 1.
(This well was drilled in the river bottom." _

Alluvium . . . . . . . L e e e e e e e e e e e e 139 feet.
Hudeon River limestone and shale . . . . . . .. P e e 185 «
Uticashale. . . . . . . . . . . .. ... ... ... ... 250«
Trenton limestone . . . . . . . . . . . ... ... ..... . 4h1 ¢
Potsdam sandstone. . . . . . . . . . ... ... L. 40 «

Total depth . . . . . e e 840 feet.
Trenton above sealevel . . . . . . . . . .. . .. ... ... . 158 «

Yielded a small quantity of gas.

Well No. 2, drilled in’ the fair grounds, of which no accurate record
was received at this office, yielded when first drilled 1,220,000 cubic feet
of gas daily.
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LEBANON. Cairormb
SEctioN oF WELL No.1.
Totaldepth. . . . . . .. .. ... ... 1,800 feet.
DepthtoTrenton . . . . . v ¢ . v v v v v v vt v v e oo 1.227 «
Trenton belowsealevel . . . . . . . . . . . ... ... ..... 302
Yielded no gas.
LOGANSPORT.
SecrioNn oF WELL No. 1.
DepthtoTrenton. . . . . . . . . .. . . o .o 995 feet.
Trenton belowsealevel . . . . . . . . . .. .. ... .. .... 344 «
Yielded no gas.
MARION.
SecrioNn oF WELL No. 3.
Drift. « « ¢ & ¢« o e e e e e e e e e e e e e e e .« 70 feet.
Niagara limestone. . . . . . . . ... ... 000 280 «
Hudson Riverand Utiea. . . . . . . . . . ... ... .. . .. 528 «
Trenton limestone. . . . . . . . . . . . . . . .. 0000 ... 22 «
Total depth. . . . . . . . 900 feet.
Trenton belowsealevel . . . . . . . . . . . . ... ... .... 67 «
- Yielded very strong flow of gas.
MARTINSVILLE.
) S8ecrioN oF WeLL No. 1.
Drift. . . . & & & . e i e e e e e e e e e e e e . e« . 85 feet.
Sub-Carboniferous rocks. . . . . . . . . ... ... .. ... .. 323 ¢«
Hamiltonshale. . . . . . .. .. ... ... ...... co. 120 @
Corniferous limestone . . . . . e e e e e e e e e e e e e e 62 «
Niagara limestone. . . . . . . . . . ... ... ......... 236 «
Hudson Riverand Utiea. . . . . . . . .. ... ......... 571 «
Trenton limestone. . . . . . . . e e e e e e e e e e e e e 51 «
Totaldepth. . . . . . . . . . . . ... ... ... 1,448 feet.
Trenton belowsealevel . . . . . . . . . . . . . ... 000 780 «
Yielded no gas.
MONTICELLO.
Section or WELL No. 1.
Drift. . . .« .« v« o« o e e .« 205 feet.
Niagara limestone. . . . . . . . . . .. . . .. ... ... 516 «
Hudson River limestone and shale . . . . . . . . . ... .. .. 120 «
Uticashale. . . . . . . . . . . . . . . 0o e e 170 «
Trenton limestone. . . - . . - + . . . « . . . oo 63 «
Total depth. « « « « v v o v o v e R 1,073 feet.
Trenton belowsealevel . . . . . . . . . . . .. .. ... ... 888 «

Yielded no gas.
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MONTPELIER.
* Szcrion oF WrLL No. 1

Drift . .. ... ... ... e e e e e e e e e e e e oo 17 feet.
Niagara limestone and shale* * - . . . . . B . 238 «
Hudson River limestone and shale . . . . . . C e e e e e e e e 432 “«
Utica shale . . . ¢ . ¢ ¢ ¢t i i i i e et e e e e e e e e e, 280 “
Trenton limestone . . . . . . . . . . ¢« . ¢ . . L0t ie e 19 «

Total depth. . « « « o o v e et e e e e " 981 feet.
Trenton belowsea level . . . . . . . . . . . .. oo v v ... 110° «

Yielded good flow of gas'and about twenty-five barrels of petroleum per day.

MORRISTOWN.
SecrioN oF MurE WELL.

Drift .. ... ..... e e e e e e e e e e e e e e e e 140 feet.
Niagara limestone . . . . . . . ... .. s e st . 130
Hudson River limestone and shale e e e e e e e e e e e e . 660 «
Uticashale . . . . . . . . . ¢ . o i i i i i i i vt v e .. 78 ¢
Trenton limestone . . . . . . . . . . ¢ e o ¢ o o . .. L .. 28 @

Total depth . . . . . . . ... ... ....... e o 921 feet.
Trenton below sea level . . . . . . f e e e e e e e e e e e ce s 440m

Yielded good flow of gas.

NEW ALBANY.
8ectioN oF WELL No. 1.
Clay and Sub-Carboniferousshale. . . . . . . . .. .. ... ... 80 feet.
Devonian shale . . . .". . . . . .. ... e e e e . e e oo 104 ¢
Corniferous limestone . . . . . . . . .. ... .00 e e e . 69 ¢
Niagara limestone . . . . . . . ¢ .o o o oo, 209 “
Hudson River and Utica . . . . . « ¢ .+ ¢ ¢ v v v v v v v o 545 «
Trenton limestone . . . . . . .. . ... e e e e e s e e e .. BOO“
Total depth . . . . . .. e e e e e e e e e e e 1,507 feet.
Yielded no gas. N
NEW CASTLE.
SecrioNn oF WeLL No. 1.
1 1 S e e .. .. 338feet
Hudson Rivershales - . . . . . « ¢ ¢ v ¢ v v ¢ ¢t v v o e oo. 200
Utica shale . . . . . . e e e e e e e e .. 7 .
Trenton limestome . . . . . . . . e e e e e e e ... 421 ¢
Total depth . . . . . . .« o ... ¢ e e e e e e e e v o 21,297 feet.
Trenton abovesealevel . . . . . . . .. ... ... e e s e 1040

Yielded a small flow of gas.
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NEW CASTLE.

SeorioN oF WeLL No. 2.

Drift . & ¢t v o it e e e e e e e e e e e e
Niagara limestone. . . . . . . .
Hudson River limestone andshale . . . . . .. ... .... ..
Uticashale. . . . .. ... ... .... e e e e e e e e
Trenton limMestone. . . . . . . . . . . .. . ... ...

Totaldepth . . . ... .. .......... . .
Trenton above sea level . . . . . . e e e e e e e e PN

Yielded medium flow of gas.

NOBLESVILLE.

SEcTION BANNER WELL.

Drift .. ... e e e e e e e e e e e e e e e e e
Niagara limestone andshale . . . . . . . ... ... .. .. ..
Clinton (?) limestone . . . . . . . . ... ... ... . ...
Hudson River and Utica. . . . . . . . . . .. .. ... ....
Trenton limestone. . . . . . « . « ¢ ¢ v v v 0 v v vt o0

Totaldepth. . . . . . . . . . v o v v v e v v v v .
Trenton belowsealevel . . . . . . . . e e e e e . e e e e

Yielded strong flow of gas.

NOBLESVILLE.

SEcTION MALLORY WELL.

Depth of Trentonrock . . . . . S C .
Trenton below sea level . . . . . . . . .. C e e e e e e e

Yielded very strong flow of gas.

NORTH MANCHESTER.

SectroNn oF WELL No. 1.

Drift. « ¢ ¢ ¢ . o v e e e e e e e e e e e e e e e e e
Niagara limestoneandshale . . . . . . . ... ... ... ...
Hudson River limestone andshale . * . . . . . ... ... ...
Uticashale. . . . . . . . . . . . . . . i i e .
Trenton limestone. . . . . . . . . . . . .. e e e e e

Totaldepth. . . . . . . . ... ... . ... ...
Trenton belowsealevel . . . . . . . . . . . . . . ... ...

Yielded no gas.



254 REPORT OF STATE GEOLOGIST.

NORTH VERNON.
SectioN oFr WELL No. 1.

Surfaceelay . . . . . . . . ... oo oo oL « . 11feet.
Corniferous limestone . . . . . . . . . . . .. .. ... 28 «
Niagara limestone. . . . . . . . . . . . .. ... ... .. .. 262 ¢
Clinton (?) limestone . . . . . . . .. ... .. ... .. ... 29 «
Hudeon River limestone. . . . . . . .. e e, 40 «
Uticashale. . . . « . . . . . . . . . oo e 220 «
Trenton limestone. . . . « . . « v v vt v v i e e e ..t 470

Totaidepth . . . . . . . . v i v v v v v v it 1,450 feet.
Trenton belowsealevel . . . . . . . . . . . . .. .. .. .. .. ‘958

Yielded medium flow of gas.
OXFQRD.
SectioN oF WELL No. 1.

Drift . . .. ... ... e e e e e e e e e e 385 feet.
Devonianshale. . . . . .. . ... .. et e e e e e e e 100 «
Limestone . . . . . C e e e e e e e e e e e e e e e e e e - 116 ¢
Whiteshale . . . . . . . . .. ... ... ... . e .. 100§
Hardlimestone . . . . . . « . ¢ ¢« v ¢ v v v o o 0 v v o o o .. 300 «
Limestoneandshale . . . . . . . . . . .. ... .. 85 «
Uticashale. . . . . . . . e e e e e e e e e e e e e R 188 «

DepthtoTrenton . . « « « v v v v v vt oot t e 1,273 feet.
Trenton belowsealevel . . . . . . . . . . . .. .. ... ... . 870 ¢«

Yielded no gas. .
PERU.
SecrioN oF WEeLL No.‘1. '

Drift . « « ¢« v ¢t 0 0 v v e e e e e e e e e e e e e . 36 feet.
Niagara (and Clinton ?) limestone . . . . . . . . . ... ... L. 885 ¢
Hudson Riverand Utica . . . . . . .. e e e e e e e e e 454 «
Trenton limeetone. . . « « « ¢« ¢ ¢ o ¢ ¢ o o o o e o o s o s o o . 80 ¢

Total depth. S e e e e e e e e e 905 feet.
Trenton below sealevel . . . . . . . . . . . . ... .... e e . 218 %

A small quantity of oil was found at a depth of 808 feet. Salt water
occurred at 900 feet. This well was bored in the Northern part of the

city.

PERU.
SkctioN oF WELL No. 2.

Drift . « « ¢« ¢ ¢ 0 v 0 v 0 e e e e . e e e e 10 feet.
Water-lime and Niagara limestone . . . . . . . . . . . ... ... 455 «
Clinton (?) limestone . . . . . . . . . . . . . .. ... ... .. 15 ¢
Hudson River and Utica. . . . . . . . . e e e e e e e ... 449 ¢
Trenton limestone. . . . . . . . . . . . [ 27 «

Totaldepth. - « « - "o e e 956 feet.
Trenton belowsealevel . . . . . . . . . . . e e e e ce e . 2290

Yields a small quantity of gas and oil, but not sufficient for use.

This well was bored a little south of the city limits, about 1} miles
from well No. 1.
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PERU.
SecrioN oF WELL No 3.

(Situated vn Younce farm, 7 miles southeast of Pern.)
Drift. . . . .« v o e e s e e e e e e e
Niagara limestone. . . . . . .. . . ... e e e
Hudson Riverand Utica . . . . . . . .. ... ... .. ....
Trenton limestone. . . . . . . . . . . . . .. e e e e e e e e e

Totaldepth. . . . . . . . ... .. ... 1,0
A light flow of gas was obtained from this well. )
At a depth of 1,000 feet salt water was struck, which raised 1
surface.

PERU.

SecrioNn oFr WELL No. .

(Located on Bearss farm, 24 miles no;lh of city.)

Drift. £ . .« ¢ i e e e e e e e e e e e e e e e e 3
Niagaralimestone . . . . . . . . . . .. .. ... ... .... U7
Hudson Riverand Utica. . . . . . . . . . . . . . ... ... .. 40
Trenton limestone. . . . . . . . . . .. ... ... , 3

Total depth . . . . . R R Y

Yielded no gas.

Salt water was struck at the depth of 1,042 feet, which raised to v
50 feet of the surface.

PORTER STATION.

SecrioN or WELL No. 1.

Sub-Carboniferous and Devonianrocks . . . . . . . . . . . . .. 28
Niagara limestone andshale. . . . . . . . . .. .. . ... .. 35
Hudson River and Utiea. . . . . . . . . . . e 49
1 —

DepthtoTrenton . . . . . . . . . . . ... . . ..... 1,12
Trenton below sea level . . . . . . e e e e e e e e e e e e e 54

Yielded no gas. .
PORTLAND.

The following facts, relating to the Portland gas wells, were obt
from Prof. Elwood Haynes, Superintendent gas tcompany, of Portlan
WeLL No. 2.

DepthtoTrenton . . . . . . . . . . . . . . oo i i v 982.
Altitude of surface . . . . . . . . e e e e e e e e e e e 919.

Trenton below rea level . . . . . . e e e e e e e e e e e 63.
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WEeLL No. 3.
DepthtoTrenton . . « . . . . v v ¢ v v v v v v o v v v 981.3 feet.
Altitude of surface . . . . . . . . ... ... e e e e ... 922
Trenton belowsealevel . . . . . . . . .. .. ... .... 59.3 feet.
WeLL No. 4
DepthtoTrenton . . . . « ¢ . v v v i v v v v v v v vt s 986.4 feet.
Altitudeofsurface . . . . . . . . . . . . . . L0 918.8
Trenton below sea level ‘ .................. .67.6 feet.
WEeLL No. 5 -
DepthtoTrenton . . o« . o v . v o v v v v v v v v v v v v o 984.8 feet.
Altitudeof surface . . . . . . . . .. .. ... .. e e e e e .918.8 «
Trenton belowsealevel . . . . . . . . e e e e e e e e e .66 feet.

The following analysis of Trenton limestone, taken from a well at Port-
land, was made by Prof. Haynes, and kindly furnished this office :

Carbonate MAgNesi&. « « ¢ « . . .4 e e e e e e e e e e 0.32
Calciumcarbonate . . . . . . . . . .. ... ... 0.63
Carbonaceous matter . . . . . . . . . . .. .. ...l 0.02
Irom. . . .. e e e e e e e e e e e e e e e e e e e e e e e e 0.01
Aluminum. . . . .+ . . . . Lo e e e e e e e e e e e e 0.01
Water . ... ¢ o v o it e e e e e e e e e e e Dt 0.01

Total . . . . . e e e e e e e e e e e e e e e 1.00

RED KEY.
SeEcTioN oF WELL No. 1.

Drift. . « o v o o0 v v i i 72 feet.
Niagara limestone . . . . . . . .. .. ... .......... 143 «
Hudson River limestoneandshale . . . . . . . .. .. .. .... 415
Uticashale. . . . ... ... e e e e e e e e e e e e e e 350 «
Trenton limestone. . . . . . . . . . . . . i o it 0o e e e 48 «

Totaldepth . . . . . .. e e e e e e e 'L .. 1,028 feet.
Trenton belowsealevel . . . . . . . . . .. ... . ...... 90 “

Yielded strong flow of gas. .
: REMINGTON.
SecrioN oFr WELL No. 1.

Drift. -« ¢ ¢« v et e e e e e e e e e e e e e e e e e e e e e 5 feet.
Devonianshale. . . . . . . . . .. . L0000 85 ¢«
Corniferous limestone . . . . . . . . ... .. .. .. e e 50
Niagara limestone . . . . . . . . .. e e e e e e e e e e 260 «
Hudson River and Utica. . . . . . e e e e e e e e e .. 570 ¢
Trenton limestone . . . . . . . . . . .. ... .. ..., 295

Totaldepth . . . . .. .. .. ... e e e e e e e 1,265 feet.

Yielded no gas.
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RICH MOND.
SecrioN oF WELL No. 1.
Hudson River limestone andshale . . * . . . . . ... ... e 500 feet.
Uticashale. . . . . . . .. ... ... € e e s e e e e S ... 380 ¢
Trenton limestone . . . . . . . . . . . . ... ... ... 510 “
Potsdameandstone . . . . . . . . . .. ... ... e e 10 «
Totaldepth . . . . . ... . ... ....... o o« « . 1,400 feet.
Altitudeof well . . . .. . . .. e e e e e e e e e e e e e e e 959 «
Trenton abovesealevel . . . . . . . . . . ... ... e e . .19
L ]
Yielded no gas.
RIDGEVILLE.
SecrioN oF WELL No.-l.
Drift. . . . . e e e e e e e e e e e e e e e e e e e e v oo 80 feet.
Niagaralimestone. . . . . . . . . . . . . .0 ittt 212 «
Hudson Riverand Utica. . . . . . . . . . . . ¢ v v v v v v .. 739 ¢
Trenton limestone. . . . . . . . .. ... ... ......... 167 «
,Total deptb. . . . . . ... ..... e e e e 2« + 1,148 feet.
Trenton abovesealevel . . . . . . . . . . .. ... ...... . 1 foot.
Did not yield gas.
ROCHESTER.
SecrioN oF WELL No, 1.
Drift. . . & ¢ ¢ o e e e e e e e e e e e e e e e 245 feet.
Niagara limestone. . . . . . . . .. ... ... ... 525 ¢
Hudson River and Utica. . . . . . . . ... ... ........ 391 «
Trenton limestone. . . . . . . . . . . . . ..t e e 24 ¢
Totaldepth. . . . . . . . . . . . .. ... ... ... 1,185 feet.
Trenton belowsealevel . . . . . . . . . . .. ... ... .... 351 ¢
Yielded no gas.
ROCKVILLE.
SEctION OF WELL No. 1.
5 5 {3 96 feet.
Grayeandstone . . . . . . . . .. L. aie e e e e e e e e e 44 ¢
Brownshale . . . . .. ... ... ... ..., 25 «
Whitesandstone . . . . . . . . . .. .. .0 iee ... .. 110 «
Whiteshale . . . . . . .. ... ... e e e e e e e e e 25 «
Blackshale. . . . . . . . . . . . . e e e e e e e e e e e e 106 «
Whitesandstone . . . . . . . . . ... L0, ... bO“
Limestone . . . . . . . . . L . i i e e e e e e e e e e 170 «

Grayshale. . . . ... ... ....... ..... e e ... 305

Tae

e



258 REPORT OF STATE GEOLOGIST.

ROCKVILLE—SEcrioN oF WELL No. 1—Continued.

Sandstone . . . . . . . ... e e e e e e e e e e e e e e e 100 feet.
Whiteshale . . . . . . .. .. ... s e e e s e e L. 114 ¢
Blackshale. . . . . . . . . . .. ... Lo oL 102 ¢
Limestone . . . . . . .. ... e 18 «
Brownsandstone . . . . . . . . . . .. .. . .. ... 46 «
White limestone . . . . . . . . . . ... ... Lo 135 «
Crystallized limestone . . . . . . e e oo . 8 «
White shale, like Kaolin. . . . . . . . . . . . .. e e e 48 «
Limestone . . . . . . . . v . v o . . 0o e e e e 108 «
Dark shale (Utiea) . . . . . . . . .. . . ... ... ... . 324 ¢
Total depth to Trenton . . . . . . . . . . . . ... .... 2,100 feet.
Altitudeof well. . . . . . . . . .. .. e e e 688 «
Trenton below sealevel . . .". . . . . . . . ... .. .. .. 1,412 «
Yielded no gas.

ROYAL CENTRE.

< SecrioN oF WELL No. 1.
Drift . . ... ... ... .. e e e e e e e e e e e e .« . 109 feet.
Niagara limestone . . . . . . . .. .. .. ... .00 486 «
Hudson Riverand Utica . . . . . . . . . . . .. . . . .. .. 330 «
Trenton limestome . . . . . . . . . . . . . 0 v o .o 42 «
Total depth . . . . .. . ... .. ... ......... 967 feet.
Trenton belowsealevel . . . . . . . . . . . . ... ... .... 190 «

Yielded small quantity of gas and twenty-five barrels of oil per day.

RUSHVILLE.

S8ectioN oF WELL No. 1. Recorp Kepr BY MR. GEo. C. CLARE.

Drift . . . ... . .. i oo o .. 60 feet.
Chert and cherty limestone (Corniferous) . . . . . . . . . R (|
Niagara limestone andshale . . . . . . . . . .. .. ... .. . 200 ¢
Hudson River limestone and shale . . . . . . . . . ... .. ... 200 “
Utica shale . . . . ... e e e e e e e e e e e e 360 «
Total depth to Trenton . . . . . . . .. .. e e e e 860 feet.
Altitude of well, accurately leveled . . . . . . . . ... ... . 9484); feet.
Trenton abovesealevel . . . . . . .. .- ... ..., e 1244 ¢

Yielded a small flow of gas.
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SALEM.

SectioN oF WELL No. 1.

7 .. 7 feet.
Keokuk limestone . . . . . . . . . ¢ ¢ 0 i i ittt e e e 53 «
Sub-Carboniferoussandstone. . . - . . . . . . . . .. 040 ... 567 «
Hamilton shale . . . . . . . ... e e e e e e e e e e e e e 103 ¢
Devonian limestone . . . . . . ... . ... C e e e e e e e e 40 «
Niagara limestone . . « . . « « ¢ v v v v v v b et e e . 215 ¢
Clinton (?) limestone . . . . . . .. .. ... .. ... e e .. 80
Hudson River limeetone and shale. . . . . . .. .. e e e e e e 536
Uticashale . . . . . * = . . .. .. ... ... e e e e e 180 ¢
Trenton limestone . « « « . « & « ¢ v v ¢ vt 4 v v v e e e .. 45 «
Total depth . . . . . . S e e e e 1,775 feet.
Treoton belowsealevel . . . . . . . . . ... ... ....... 1,000

Yielded good flow of gas, The gas was found in the limestone underlying
Devonian shale.

SEYMOUR,

8kction or WELL No. 1.

Drift . . ... @ e e e et e e e et e e e e e e e e e e e e 75 feet.
Sub-Carboniferous sandstone. .". . . . . . . ... ... .. ... 16 «
Devonian sandstone . . . . . . .. .. .. e e e e e e e e e ‘116 ¢
Corniferous limestone . . . . . . . . . . . ..o v 0o . 20 «
Niagara limestone . . . . . . . ... .. .. .. e e e e e e 180 «
Hudeon River limestoneand shale . . . . . . . . . ... . e e . 520 ¢
Uticashale . . . . . . . . . . . . . 0 @ v i i e et e e 165 «
Trenton limestone . . . . . . . . . v ¢« ¢« v i it e e e e e e .. 94 “

Total depth . . . . . . . . .. ..o v 1,194 feet.
Trenton belowsea level . . . .~ . : . . ... .. ........ 472 «

Yielded no gas,
. SHELBYVILLE.

" SEctioN oF WELL.No. 1.

Drift. . . ¢ ¢ ¢ o o e e e e e e e e e e e e e e e e e e 48 feet.
Corniferoug limestome . . . . . . . . . . .. ... . ..., 30 «
Niagara limestoneandshale . . . . . . . . . .. ... ... ... 102 «
Hudson River limestoneandshale . . . . . . . . . .. ... ... 857 “
Trenton limestone. . . . . . . . . . . . . .. ... ... 86
Totaldepth. . . . . . . . .. .. .. ... ... 923 feet.
Trenton belowsealevel . . . . . . . . ... .. . .... ... 79 ¢

Yielded small ﬂov; of gas.
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SHELBYVILLE.

SeorioNn oF WELL No. 2.

Drift. . « . ¢ ¢ ot o i i i e e e e e e e i e e e e e .. 80feet

Limestoneandshale. . . . . . . . . ... ... .00 ... 769 «
Total depth to Trenton . « -« v b b e 849 feet.

Yielded emall flow of gas.

SOUTH BEND.

SECTION OF THE STUDEBAKER WELL.

Drift. . . . . . o v v v v vt vt i .. e e s e e e e e 160 feet.
Sub-Carboniferous and Hamiltonshale . . . . . . . . . .. .. .. 220 “
Corniferous limestone . . . . . . . e e e e o o s s s n e e 60
Lower Helderberg limestone . . . . . et e e et e e e 40 «
Niagara limestone, . . . . . . . . . ... ... ... e e e ... 640 ¢
Clinton (?) limestone . . . . . e v e s w e e v et s e e . 60 ¢
Hudson Riverand Utica. . . . . . . ... ... ... ..., .. 420 ¢
Trenton limestone . . . . . .. ... .. R 427 «

Totaldepth . . ... ... e e e e e 2,027 feet.
Trenton belowsealevel . . . . . . . . .. .. ... ... 855 “

Yielded no gas nor oil.
SPICELAND.
SecrioN oF WELL No. 1.
Trenton rock reached at a depthof . . . . . ... ... . - 940 feet
Considerable flow of gas was found at. . . . . . . e e e e e e e e 943 «
Totaldepthof well . . . . . . ... ... ............ 968 “
Trenton abovesealevel . . . . . . . . .. ... .. . ..... 8 ¢
A good flow of gas.
SUMMITVILLE. ‘
SecTIgN OF WELL No. 1. -

Drift . . ..... e e e e e e e e e e e e e e e e e e e 100 feet
Niagara limestone . . . . . . . ... ... ...... t ..., 286 ¢
Hudson River limestone andshale . . . . . . . .. .. ..... 300 “
Uticashale. . . . . . . .. ... ... ... 0. e e. 292 ¢
Trenton limestone. . . . . . . . . . . . 0 0ttt e el e 50 “

Totaldepth. . . . . . .. ... .. ............ 978 feet
Trenton belowsealevel . . . . . . . . .. .. ... ...... . 32«

Yielded very strong flow of gas.
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TERRE HAUTE—SEcTioN oF WEITE SULPRUR, ARTESIAN WELL--Continded.

Slate + ¢ v v vt e e e e e e e e e e e e e e e e e e 86 feet, 2§ in.
Sandstome . . - . . ... e e e e e S
Blueslate . . . . . . . . . . ¢ . L e e e e e e e e e 16 ¢« 9 «
Whiteslate. . . . . . .. e e e e e e e e e e e v e e e e 10 « 2 ¢
White sandstone . . . . . e e e e e e e e e e e e e e 35 “ 113 ¢«
Soapstone . . . . . . ... ... e e e e e e 43 «
Blueslate. . . . . . . . .. ... .. ... 28 “ 7%in.
Whiteslate . . . . . . . . . ... ..o 7% 7 ¢«
Hardsandstone . . . . . . . . . & v v v v v v e e 23« 9 «
Hard blackstone. . . . . . . . . . . ... .. ....... g« 6 «
Whiteslate . . . . . . . . . L. e e e 12 «
Hardsandrock . . .. . . . ... ... ... e e e e e e 127 «
White limestone . . . . - . . .. .. ... L0000 e 4 4 4 in.
Whitefireclay . . . . . . . . . ... ... .00 3« 3 «
White limestone . . . . . . . . . . ... ... ... .. . 30 «
Hard gray sandstone . . . . . . . . ... ... .. e e e 10 “ .
Bluelimestone . . . . . . . . ... .. .. L0 0oL 6 “ 11 in,
Hard whitesandstone . . . . . . . e e e e e e e e e e e e e 9 «
Hard blue sandstone .. . . . . . . .. ... ... .. 3 feet, 6 *
Blueclay . . . . . . . . ..o e e e 3
Hard graysandstone . . . . . . . . . ... ... ... ... 2 “ 3}in.
Hard bluesandstone . . . . . . . . .. .. . .. ..... 3« 3 «
Hardeandstome . . . . . . . . « . ¢ v v v v v v v v u e 110 ¢« 5 «
Softsandstone . . . . . . . . .. . ... e 74« 3 ¢«
Blueslate . . . . . . . . . . . . .. .o oo e e e e 5 «
Blue hard saridetone . . . . . . .. ... .. e e e e 411 “ 2 ib.
. Bluesospstone . . . . . . . .. ... .. L0 34 “ 10 “
White grit eandstone . . . . . . . . .. e e e e e e e 1"y « 2«
Hard blueslate. . . . . . . . . .. ... ... . ..... 48 « -
Brown sandstone . . . . . . . . ... ... Ce ... 89 % 11 in.
Coarse whitesandstone . . . . . . . . .. .. ... .. 6« 9 ¢«
Yellow sandstone. . . . . . . . . . . . .. e e e 44 ¢ 2 ¢
Hardflint . . . . . . . . . . . . o 0.0 15 « 8 «
Clay, limestone andshale . . . . . . ... ... . ...... 70« 2«

At a depth of 840 feet, a show of oil was found; at a depth of 1,296
feet 9 inches, lubricating oil was found; at a depth of 1,335 feet, a vein
of fresh water was found; at a depth of 1,620 feet 10 inches, a vein of
oil was found; at a depth of 1,658 feet, blue sulphur water was found;
at a depth of 1,710 feet, white sulphur water was found; at a depth of
1,768 feet, more white sulphur water was found; at a depth of 1,785
feet, a large flow of white sulphur water, yielding at the rate of 6,000
gallons per hour, was found. '
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THORNTOWN.,

SeertioN oF WeLL No. i,

Drift. . . . . . e . . 65 feet.
Sab carboniferous limestone and rhale, . . . . . .. 238 «
Hamilton shale. . . . . . . . . .. . . . 87T
Corniferous limestone . . . . . . . . . . . o . . 814
Niagara limestone. . . . . . . . . . .. .. ... 407 «
Hudson River and Utica . . . . . . e 373 «
Trenton limestone. ™ .. . . . . . . . .. oo . .. 80
Totaldepth. . . . . ... 1,287 feet.
Treoton below sea level . . . . . . e . .. 394 ¢

Yielded no gas.
TOBACCO LANDING.

SecTioN or WELL No 1.

Keokuk limestone. . . . . . . . . . ... ... oL . 15 feet.
Knobstone . . . . . . . . . . . . . ... .. ... L 390 «
Depth to Devonianshale. . . . . . . . .. ... .. . . . 405 feet.

A good flow of gas was found in Devonian shale.

.

UNION CITY.

SecTION oF WELL No .l.

Drift. . . . . . . . .. e 98 feet.
Niagara limestone. . . . . . . . . . .. L .. 250
Hudeon River and Utjea. . . . . . . . . . . ... ... 800 “
Trenton limestone. . . . . . . . . . . . . .. .. ... b40 ¢
Totaldepth. . . . . . . . . . .. ... ... .. .... 1,688 feet.
Trenton belowsea level . . . . . . . . . . . ... ... . .. . 40 «

Traces of gas were observed from a depth of 1,155 to 1,162 feet.

UNION CITY.

SecrioN oF WELL No. 2.

Drift. . . . . . . . . . .. e 70 feet.
Niagara limestone and shale . . . . . . . . . .. .. ... 210 “
Clinton (?) limestone . . . . . - T (1 I
Hudson River limestone and +h:le . . . . . . . . . . .. 510 «
Uticashale. . . . . . . .. . ... ... .. - £ (1 I
Totaldepth. . . . . . . . ... ... ... . .. -+ 1,140 feet.

At the time this record was obtained the well was not yet completed.
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VALPARAISO.

SectioNn oF WELL No. 1.

Drift. . . . . . . . ¢ . c e e e e 125 feet
Hamiltonshale. . . . . . . . . . .. . ... . ... ... ... 65 «
Corniferous limestone . . . . . . . . . . ... ... ... 55 *
Niagara limestone. . . . . P 565 «
Clinton (?) limestone. . . . . . . .. e e e e e e L. 100«
Hudson River limestone and shale . . . . . . . . ... .. 18 ¢
Utica shale. . . . . . .. .. .. JE T S 295
Trenton limestone. . . . . . . . . v« . ot 144 ¢
Total depth. . . . . . . ... .. .. ....... oL 1,444 feet.
Trenton belowsea level . . . . . . . . . . . ¢ ¢ v v v e 602 “

Did not yield gas.

VINCENNES ARTESIAN SALT WELL.

Sandandgravel . . . . . ... ... L. 00 e e 80 feet.
Bandstone . . . . . . . . .. .. Lo e e e e 18 «
Soapsetone . . . . . . . it e e e et e e e e e e e e e e e e 100 “
Hardpebblerock . . . . . . .. .. ... .. ... ... 10
Sandyshale . . . . .. ... ... 0oL 0o 15 ¢
Soapstome . . . . . . . .. ... e e e e e e e e 32 ¢
Bluesandstone . . . . . . .. . ... ... e e e e e e e 8 “
Sandy shale . . . . ... ... e e e e e e e e e e e 2 “
Soapetone . . . . . . . . . e e e e e e e e e e e e e 10
Coal. . . . . . o e e e e e e e e e e e 3«
Boapstome . . . . . . . . .. ..o e e . 18
"Coal. . v e e 6
Soapstone . . . . . .. ... ... e e e e e e e e e e e 18 ¢
Blackshale . . . . . . .. . ... ... ...t 41 “
Soapstone . . . . . . . .4 .o e e e e e e e e e e 138 ¢
07 5 ¢
Limestone . - . - - « v« v bt b i e e e e e e e e e e 10 ¢
Blueshale . . . . . . . ... ... ..ot 41¢
Blackslate. . . . . . .. ... ... ... e e e s e e e 30 “
Soapstone and shale. . . . . . . . ... ... ..., .. 80
Sandstome . . . . . . . h e e e e e e e e e e e e e e B¢
Slateandsoapstone . . . . . . . . . ... L. e e e 75 ¢
Sandstone and salt water. . . . . . . . . ... ... .. . 2%
Slateandshale. . . . . . . . . . . . 0t v e o g5 ¢
Sandatome . . . . .+ . e e e i e s e e e e e e e e e e e 175
Shaleand blackslate . . . . . . . . . .. ..o 140 ¢
BandBlone . . . ¢ - . . . e e e e e e e e e e e e e e e 96 “

Totaldepth . . . . . .. ... ... ... 1,336 feet.
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WABASH.
SecrioN oF WELL No. 2, FroM Recorp KEepT BY DR. ForD, OF WABASH.
D 5 ¥ {2 28 feet.
Niagara limestoneandshale . . . . . . . . ... ... ...... 526 «
Hudson Riverand Utica . . . . . . . . . . . . v ¢t v v v v v . 326 «
Trenton limestone . . . . . . . . . . . . . . it et e .. 54 «
Totaldepth . . . . . ... ... ... 0. . 932 feet.
Trenton below sea level . . . . . . . . . e e e e s e e e e e e 198 «
Did not yield gas nor oil.
WARSAW.
8ection or WeLL No. 1.
Drift. . « « . o v i e e e e e e e e e e e e e e e o o o 248 feet.
Niagaralimestone. . . . . . . . . . ¢ . . v i L0 e e ... 652 ¢
Hudson Riverand Utica. . . . . . . . . . ¢ ¢ v v v o e . . .. 487 ¢
Trentop limestone . . . . . . . . . . ... .00 e .. TT G
Totaldepth . . . . . . .. .. ... ..o, .. 1,464 feet.
Trenton belowsealevel . . . . . . . . . . ... ....... . b70 «
Yielded no gas.
WINCHESTER.
SectioNn oF WELL No. 1.
Drift. . . . ... ... ... .. e e e e e e e e e e e e e e e 147 feet.
Niagara limestone . . . . . . ... .. f e e e e e e e e e 71 «
Hudson River limestoneand shale. . . . . . . . .. ... .. .. 582 «
Uticashale. . . . . . . & . . i i L i it e e e e e e e e e e e 260 «
Trenton limestone . . . . . . . . « [ . 0 i i it e e e e e 90 «
Totaldepth . . . . . . . . .. ... oo 1,140 feet.
Trenton abevesealevel . . . . . . . . . . . . . ... ... ... 43 «

Gas is found in Hudson River shales at a depth of 730 feet, and also in
Trenton limestone, the yield in each instance, however, being small.

Petroleum is found in Trenton limestone, which accumulated in the
well at a rate of about four barrels per day.

WINCHESTER.
SecrioNn oF WELL No. 2.

Drift. . . ............ e e e e e e e e o .. 131 feet.
Niagara limestone. . . . . . . . . . . ... ... 0. .. 69 «
Hudson River limestone and’shale . . . . . . . . .. ... ... 676 «
Uticashale. . . . . . . . . . . . o 0 i it e 240 «
Trenton limestone. . . . . . . . . . . . ... ... 9% «

Totaldepth. . . . . . . . . . ... ... ........ 1,110 feet.
Altitude of the surface at the well, leveled . . . . . . ... ... 1,06885 ¢
DepthtoTrenton . . . . . . . . . v v v v v v v v v v v v v o 1,016 «

Trenton above sealevel . . . . . . ... . .. ..... 534 feet.

A good flow of gas was found at a depth of 1,029 feet. A cartridge of
nitro-glycerine was exploded in the well, which increased the flow of gas

materially, after which several barrels of oil were taken from the well.
18—GEeoLoGY.
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WINCHESTER.
SectioN or WELL No, 3.
Drift. « & @ ¢ o e e e e e e e e e e e e e e e e e e e e 116 feet.
Niagaralimestome. . . . . . . . . ¢« o« o v . v o o o0 et e 76 “
Hudson River and U"t.ica. .................... 816 «
Trenton limestone. . . . . « . ¢« ¢ ¢ ¢ ¢ o 4 v e 0 a0t 4 e 120 «
Totaldepth . . . . . .. ... ... .... R 1,128 feet.
© Altitudeof well. . . . . . . . . . ... Lo e e 1,078 8 “
DepthtoTrentom. . . . « . « v v & v v oo o v v o o o o oo 1,008
Trenton abovesealevel . . . . . . . . .. ... ... 685 feet.

Gas was found at a depth of 1,036 feet. Oil in considerable quantities
after ¢“shooting” the well.

XENIA.
Secrion oF WELL No. 1.

Drift. « « « ¢ ¢ ¢ . v 0 o o o oo e e e e e e e e e e e e 50 feet.
Water-lime . . . . ¢ ¢« ¢ v i i e e e e e e e e e e e e e e 31 «
Niagaralimestone . . . . . . . . . ¢t te e 238 «
Hudson Riverand Utica. . . . . . . . « ¢« v v v v v v v v o o o @ 587 “
Trenton limestone. . . . . . . . e e e e e e e e e e e e e e 31 «

Totaldepth . . . . . . . . . ... i v 937 feet.
Trenton belowsealevel . . . . . . . . . . .. v oo 91 «

Yields a good flow of gas, though volume not ascertained.

The wells described above are scattered pretty generally over the State.
There are several . counties, however, where no deep wells have yet been
drilled, or if they have been, no information has reached the State Geolo-
gist concerning them. In a considerable number of eountles only one or
two wells have been drilled.

Prospectors for gas, oil or other substances frequently write the State
Geologist asking for information as to the probable depth to Trenton lime-
stone in a particular locality. For general information upon that subject,
the following estimate of the approximate altitude of Trenton limestone,
as compared with sea level, is inserted. By finding the altitude of the
surface at the well, it will be a matter of small difficulty to determine to
within a short distance the depth to Trenton rock in any county in the
State. To further aid in forming a conclusion in this matter, a table of
altitudes i# given, showing the height above the sea of all the important
points in the State of which we have data. The altitude of the surface at
the well in any part of the State may be ascertained by taking the nearest
point given in the table of altitudes, and leveling from that point to the
location of the proposed well. When the altitude is known it is easy to
estimate the approximate depth of Trenton limestone.
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Approximate depth, above or below sea level, of the Trenton lime-
stones in the different counties of Indiana:

Counties. Sea Level. Feet.
Adams. . . . .. . ... ... Below . . . .. ... .. 200 to 400
Allen . . . . . . . vt v v o Below . . . . . . .. .. 400 to 800
Bartholomew . . . . . . . ... .. Below . . .. . ... .. 300to 350
Benton. . . . . ... . ... Below . . .. ... ... 350 to 600
Blackford . . . . .. . . ... .. Below . . . ... ... . 40to 120
Boone . . . . ... .. .. Below . . . . ... ... 350 to 6500
Browm. . .. .. .. ... .... Below . . . . . .. ... 600 to 800
Carroll. . . . . . ... ...... Below . . . . . « .. .. 225 to 300
Cass. . . . . i ittt Below . . . . .. .. .. 150 te 300
Clark . . . . . . ... Below . . . . .« ... 500 to 600
Clay . . . . .. .. .. .. ..., Below . . .. ... ... 1,300 to 1,400
Clinton. . . . . . .. .. ..... Below . . . « . ¢ ¢« .. 300 to 500
Crawford. . . ... ... e e Below « « « ¢ v o ¢ o . 760 to 850
Daviess., . . . . ... . ... «..Below . . ... ... . « 1,200 to 1,300
Deartborn. . . . ... .. ..... AbOve . . « ¢t 0 o 0 ou . 150 to 175
Decatar . . . . .. ... e oo osAbove . . ..o 10to 100
Dekalb. . . . . .. . ... .... Below . . .. ... ... 1,000 to 1,200
Delaware. . . . . . ... .. ... Above . . . . ... ... Oto 76
Dubeis. . . . . .. ... ..... Below . . . .. ... . 850 to 1,000
Elkbhart . . . . ... . ... ... Below . . . . ... ... 1,150 to 1,350
Fayette. . . . . . -+ .. ... Above . . . . . . . ... 100to 150
Floyd e e e e e e e e Below . . ... ... .. 600 to 750
Fountaim. . . . . . . .. ... .. Below . . . . ... ... 600 to 800
Franklin. . . . .. ........ Above . . . .. ... .. 125 to 176
Falton, . . . . . . .. ... ... Below . . . . ... ... 400 to 700
Gibson. . . . . .. e e e Below . . ... ..... 1,400 to 1,600
Grant . . . . . .. ... ... Below . . . . ... ... 50to 100
Greeme. . . . . . . . ... ... Below . . ... ..... 1,100 to 1,200
Hamilton . . ... ... . . Below . . ... ..... 50to 100
Hanmcock. . . . .. .. . .. ... Below . . . . .. .. .. 20to 80
Harrison. . . . . . .« ... ... Below . . . ... .... 750 to 800
Hendricks . . . . . .. ... ... Below . . . . ... ... 30to 500
Henry . . . . . . . .. ... ... Above . . . . . . .. .. Oto 125
Howard . . . . . .. e e e e e e Below . .. ... .... 40 to 150
Huntington. . . . . . . ... ... Below . . .. ... ... 200 to 400
Jacksom . . . . ... .. .. ... Below . . . ... .... 300 to 350
Jasper. . . . . ... .. e ... Below .. ... ... 150 to 250
Jay « . . e e a s Below . . ... ..... Oto 100
Jefferson. . . . . .. .. ... .. Below . . .. ... ... 260 to 500
Jennings . . . . . . .. ... ... Below . . . ....... 160 to 300
Johmsomn . . . . ... ... ... Below . . . ... .... -~ 850to 600
Komox . . . ... ... ... Below . . .. ... ... 1,300 to 1,600
Kosciorko . . . . . . . . . . ... Below . . . . .. .... 1,000 to 1,350
Lagrange . . . . ... ...... Below . . . ....... 1,250 to 1,400
Lake . . . . . .. ... .. ... Below . . . . ... ... 300 to 400
Laporte . . . . . ... ... ... Below . . . . . ... .. 400 to 500
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Counties. Sea Level. Feet
Madieon . . . . .. ... . .... Above, 65 feet, to 50 feet below.
Marion . . ... ... ... ... Below . . ... ..... 110to 450
Marshall. . . . . . . . ... ... Below . . ... .. ... 700 to 1,100
Martin, . . . ... ... ... .. Below . . .. ... ... 850 to 1,200
Miami. .. ... ......... Below . . .. ... ... 100 to 350
Monroe. . . . . . . ... .. ... Below . . ... ..... 1,000 to 1,150
Montgomery . . . . . .. ... L. Below . . . .. .. ... 600 to 700
Morgan . . . .. . .. ... ... Below . . ... ..... 750 to 900
Newton . . ... ......... Below . . . .. ... .. 200 to 300
Noble . . ... ... .. .. ... Below . . ... ... .. 1,200 to 1,360
Ohio. . . . .. .. ... .. ... Above . . . . .. .. .. 100 to 150
Orange. . . . . .. ... ..... Below . . . .. ... .. 760 to 850
Owen . . . ... .. ... . «.. Below . . . . ... ... 900 to 1,000
Parke . . . .. . . .. ... ... Below . . . . ... ... 1,400 to 1,500
Perry . . . .. .. oo Lo Below . . ... ..... 850 to 950
Pike. . . . .. . ... ... ... Below . . . ... . ... 1,250 to 1,360
Porter . . . . . . ... ... ... Below . . . ... .... 400 to 600
Posey . . . . . .. ... ... Below . . . ... .. .. 1,500 to 1,700
Polaski . .. ... ... ..... Below . . . .. ... .. 200 to 450
Patpam . . .. .. ... .. ... Below . . . .. .. ... 500 to 800
Randolph . . . . . ... .. ... Above . . . ... . ... Oto 100
Ripley. . . . .. ... ... ... Above, 50 feet, to 100 feet below.
Rush . ... .. ... ...... Above, 125, to 0 feet below.
Bcott . . ... .. ... ... Below . .. .. ... .. 360 to 500
Shelby. . . .. . .. ... . ... Below . . ... ... .. 50 to 300
Spencer . . . . . . .. ... ... Below . . . . ... ... 950 to 1,200
Starke . . ... ... Below . . . . . . 350 to 700
Steuben . . . . . . .. .. Below . . . .. .. ... 1,400 to 1,500
Sellivan . . . . . ... ... ... Below . . . . . . . . 1,300 to 1,600
Switzerland . . . . . . . .. ... Above . . . . .. .. .. Oto 7
Tippecanoe. . . . . . . . . . ... Below . . . . ... ... 500 to 600
Tipton. . . . . . .. . ... ... Below . . ... ..... - 75t0 180
Union. ... . . .. . ... .. Above . . . . .. .. .. 100 to 150
Vanderburgh. . . . . . . .. .Below . . . .. .. ... 1,300 to 1,500
Vermillion . . . . . . .. ... Below . . . . . ... .. 1,400 to 1,600
Vigo. . . . . .. ... ... ... Below . . . . . ... 1.400 to 1,600
Wabash . . . .. . ... .. ... Below 10to 350
Warren . . . . . ... ... ... Below . . . ... .. .. 600 to 750
Warrick . . . . .. .. .. ... Below . . .. .. .. .. 1,200 to 1,350
Washington . . . . . . ... ... Below . . . ... . ... 500 to 760
Wayne. . . . . . . ... .. ... Above . . . ... . ... 75 to 175
Wells . . . . ... ... ..... Below . . ... .. ... 200 to 400
White . . . . . .. ... Below . . . .. .. ... 200 to 360
Whitley . . . . .. .. ... ... Below . . . ... .... 400 to 800
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Apaus CouNTY— Authority.
Decatur . . . . .. ... .C,bR&Ft.W.RR. .. ... ..
ALLEN €OUNTY—
Arcola. . . ... .... .P,Ftt W&CRR........
Fort Wayne . . . . .. . .G.R&Ind.RR ... . ... ...
“ o e e e P,FLt W.&C.R.R. .. . .. ..
€ e e e e City datum, City Engineer . . . . .
Huntertown . . . . . . .. G.R &Ind.R.R.. . . . .. ...
NewHaven. . . . .. ... T, W&W.RR.........
Wallen. . . ... ... ..G.R&Ind.RR. . .. .. ...
Woodburn . . . . . ce..T, W&E&W.RR ... ... ...
BarTHOLOMEW COUNTY—
Clifford. . . . ... .. .. J,MM&LRR. .. ...... .
Columbus. . . . . .. ... J M&ELRR. .. .......
Elizabethtown . . . . . . . JM&LRR. ... ......
Jonesville . . . . . .. J,M&ILRR. .. .......
8t. Louis Crossing . . . . . . J M&ELRR. .. ... ... .
Taylorsville . . . . . . .. J M&ELRR. .. .......
Wailesborough . . . . . .. J,M&ILRR..........
Waynesville . . . . . ... J,M&LR.R. . . ... .. ..
Benton CouNTY—
Ambia. .. . .. ... .. LE&W.RR .........
Boswell. e e e e e e LE&W.RR ....... ..
Chage . . . .. ... ... LE&W.RR .....
EarlPark . . .. ... .. C,I,8.L.&C.R.R . . . . ...
Fowler. . . . . .. .. .. C,I,St. L&C.RR . .. ... .
Gravel Hill. . . . . . ... Surfaceof Hill . . . . . . . . -
Mt Gilboa . . . . . . . .. Prof.Owen . . . . . . . .. ..
Otterbein. . . . . . . . .. LE&W.RR .........
Oxford. . ... ... .. LE&W.RR ........ .
Raub. . . .. . .. ... C,I,S8t. L&C.RR . ... ...
Talbot . . . . . ... .. LE&WRR ........ .
Templeton . . . . . . . . LE&WRR .........

Bl‘.ACKFOBD CoUNTY—
HartfordCity. . . ... . Ftt W, M.&C.R.R. ... ...
Montpelier . . . . . e . .Ftt W, M\&C.R.R. . . . . ..

656
613
607

feet.
[{3

“«
«“
“

“

feet.
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BooNE County—

DR
......
.....

CrARk COUNTY—
Charleston
Henryville
Jeffersonville .
Memphis. . . . .
New Providence .

o o o

Sellersburg . . . . .

..... J,M.&LRR.

REPORT OF STATE GEOLOGIST.

Authority.
C,I,8t L&C.RR .......
C,I,8.L&C.R. R

..........
.........
.........

.........

W,S8t.L &P.R R
Pan Haundle R. R
Pan Handle R. R

........
.........

.........

.........

...........

L,NNA&C.RR . .......
. J,M&LRR...

Cray CoUNTY—
Brazil . . . ... ... .. THS&LRR . . ..o e v 0 o
Clay City. . . . . . . .. TH.&B.ERR.........
Cloverland . . . . . . . .. TH&LRR.........
Cory.. . . ... ...... TH&SERR. ........
Harmony . . .. ... .. TH&LRR..........
SalineCity . . . . . . .. TH&SERR.........
Staunton. . . . .. .. .. TH&LRR..........
CriNtoN CouNTY—
Boyleston . . . . ... .. LE&W.RR ..... e ve e
Colfax. . . . ... .... C,I,S8t. L&C.R.K.. . . . ...
Frankfort. . . . . .. ..LE&W.RR .. ... ....
Hillsburg . ... ... .. LE&W.RR .. .......
Jefferson . . . .. . .. .. LE&W.RR ... ......
Mulberry. . . . . . . . .. LE&W.RR .. .......
Daviess CouNTY—
Washington. . . . . . . .. O&M.RR .. .........
DEARBORN COUNTY—
Aurora. . . . . . . .. .. O&M.RR...........
Cochran . . . . .. .. .. O&M.RR ... ... .....
Guilford . . . . .. .. .. C,I,S8t. L.&C.RR . .. .. .
Lawrenceburgh . . . . . . . O&M.RR ... ........
Mooreshill . . . . . . .. LOO&EM.RR . ... o0 oo .. .
Weisburg . . . . ... .. C,L,St. LL&C. .. ... ....
Decatrur CouNTY— '
Adams. . . . ... .. .. C,I,8t. LL&C.RR . . . . ...
Greensburg. . . . . . . .. C,I,8.L.&C. R R . .. ..
New Point . . . ... ... C,I,8t.t LL&C.R.R . . . . . ..
St.Paul . « « . . . ...

.C,L,8t. L.&C.R. R . .

478

643

677
625
672

896
825
841
910
827
754

484

493
493

479
916

880
942
981
862

feet.

feet.

feet.

“
[

feet.
“

“
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DexaLs County— Authority. Altitude.
Auburn . .. ... .. .. Ft. W,J.&S.R.R. .. ... .. 872 feet.
€ e e e e e e Ft. W.,J. & 8. R. R. Junction . .. 868 «
Butler . . . . . . ... .. LS&M.SRR......... 863 “
Cedar Creek . . . . . . .. Eel River RR. .. .. .. ... 861 «
Corunna . . . . « . . . .. LS&M.SRR......... 937 «
NewEra. .. .. ... .. Ft. W,J. &SRR ... ..... 869 «
Summit . .. ... ... Ft. W,J.&S RR........ 1,001 «
Waterloo. . . . ... ... Ft. W,J.&8.RR ... .. ... 914 «

DeELAWARE COUNTY— :
Daleville. . . . . - . .. .C,C,C.&LRR. . ... .... 910 feet.
Eaton . . ... ..... Ft. W,, M. & C. R. R. Track at Bridge 910 «
Muncie. . . . . . ... .. C,C,C.&LRR. .. ...... 948
Reed. . ..........LE&WRR...... , «o. . 936 ¢«
Selma . . . .. ... ... C,C,C.&LRR......... 1,006
Yorktown . . ... .. .. C,C,C.&LRR. .. .. .... 924 «

ELRHART COUNTY—

Bristol. . . . .. ... .. LS8&M.S.RR.. ...... 786 feet

Elkhart . . . . . ... .. LS&MSRR......... 765
“ e e e C,W.&MRR .. ....... 741 «

Goshen. . . . . . .. ... LS&M.S8RR......... 789 «

" Millersburg. . . . . . . -. LB&MS. . ... ...... 886
NewParis . . . . ..... C,W.&M.RR .. ....... 828 “
Vistula. . . . . ... ... LS&MSRR......... 809 «

FAYETTE COUNTY—

Bentonville. . . . . . . .. J M&LRR. ......... 1,056 feet
Connersville . . . . . ... C,H.&D.RR....... . .. 832 «
Glenwood . . ... . ... C,H&D.RR. .. ....... 1,002 «
Longwood . . . . ... .. C,H&D.RR.......... 1,111 ¢
Salter’s S8witch . +...C,H.&D.RR. . ... . .. .. 919 «
Lyons . . . . . ... ... C,H.&D.RR. .. ... .... 896 «

Froyp CouNTY— ¢ :

New Albany. . . .. . .. J,M.&LRR. ... ...... 438 feet.
e e Low Water, Ohio River . . . . . . 362
Galena. . . . . . ... ... .. . 958 «

FounTaIN CoUNTY—

Attica . . . . . . .. ... W,8.L&P.RR. ... .. .. 540 feet.
“o e «ce . . T, WEW.RR.. ... .... 566 ¢
B e e e e e e e e Low Water, Wabash River . . . . . 516

GiesoN CoUNTY—

Princeton. . . . . . .. .. E&T.HRR. ........ 483 feet.

GRANT COUNTY—

Fairmont. . . . .. . . .. C,W.&MRR......... 893 feet.
Jonesboro . . . . .. ... PanhandleR.R. . . . . . .. .. 846 «
Marion. . . . . . . .. .. Panhandle R.R. . . . .. ... 811 «
Mier. . . ... .. .... PanhandleR.R. . . . . . . . .. 816 «

VanBuren . . . . . .. s e e e e e e ete e e e e e e e e 950
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GREENE COUNTY— Authority. Altitude.
Dixon . . . .. ... ... Indianapolis & Vincenres R. R . . . 530 feet.
Lyons . . . .. ...... Indianapolis & Vincennes R. R . . . 509 “
Marco . . . . o o0 o ... Indianapolis & Vincennes R. R . . . 482 ¢
SwitzCity . . . . ... .. Indianapolis & Vincennes R.R . . . 526 ¢
Worthingtoe . . . . . . .. Indianapolis & Vincennes R. R . . . 522 “

HaMmiLToN COUNTY— .
Noblesville . . « o ¢« ¢« ¢ v ¢ v v e v i e e e et e e e e e 770 feet.
Westﬁeld.........‘.L.,N.A.&C.‘R.R........ 786

HaNcock CoUNTY—

Fortville . . . . . . .. .. C,C,C.&LR.R. ... ..... 7 feet.
Greenfield . . . . .. ... PanhandleR.R. . . . . . . ... 906
McCordsville . . . . . . .. C,C,C.&LRR. .. ...... 854 «
Maxwells. . . . . .. ... I,B&W.RR.......... 920 “
Mount Comfort . . . . . . . I,LB&W.RR. ... ...... 870 “
Sugar Creek. . . . . . I,B&E&W.RR.......... 865 «
Warrington. . . . . ... . I,B&EW.RR. ... ...... 1,020 ¢
Willow Branch . . . . . .. I,LB&W.RR. ........ . 950 “
HexDRICKS COUNTY—
Clayton. . . . . . e ... TH&LRR ... .. .. ... 890 feet.
Coatsville . . . .. .. .. TH&LRR . ......... 878 «
Danville . . . . ... ... TH&LRR.......... 613 «
Friendsville . . . . .. .. Indianapolis & Vincennes R. R . . . 738 «
Maplewood . . . . . . . . . L,D.&S.REK ... ....... 842 «
Montclair. . . . . . . e . JJ,D.&S.RR .. .. .. .. .. 769 «
NorthSalem . .. ... . . .ILD.&S.RR.......... 888 «
Plainfield . .. ... . .. TH&ILRR.......... 742 “
HEeNrY CoUNTY—
Kennard . . . . . . .. .. I,B&W.RR.......... 1,057 feet.
Measick . . . . . ... .. IbLB&W.RR. ......... 1,030 «
NewCastle. . . . . - . .. I,B&W.RR. ... ..... 1,075 ¢
New Lisbon . . . . ... .FLW,M&C.RR. .. .. ... 1,098
Spiceland . . . . . .. .. . 0o o L., et .. 1,025 ¢
HowaArp CoUNTY—
Cassville . . . . .. ... .PanphandleRRR. . . . ... ... 648 feet.
Kokomo . . . . . . .. .. Panbandle R.R. . . . . . . . .. 839 «
HuNTINGTON COUNTY—
Huntington., . . . . . . .. T,W.&W.RR......... 734 feet.
“ c e s e b e e e Court House Square . . . . . . .. 741 ¢
JAcks0R CoUNTY—
Chestnut Ridge . . . . . .. J,M&ILRR. ... .. e« o o 553 feet.
Crothersville . . . . . . . . J, M&LRR. .. ....... 562 “
Rockford. . . . .. .. .. J M&LRR.......... 586 “
Seymour..... ..... J,M&LRR.......... 605

e s e ee oo e Crossing0. EM.RR. .. .. .. 608 “
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JaspEr COoUNTY—
Remington . . . .

JAY CouNTY—
Dunkirk . . . . .
Portland . . . . .

RedKey . - .. ... ...

JEFFERSON COUNTY—

..........

3

JENNINGS COUNTY—
Butler’s Switch . .

.....

PanhandleR.R. . . . . .. . ..
C,R&FtL.W.RR. .. .. ...
C,R&FL.W.RR. ... ....

. + « Top of Inclined Plane . . . . . . .

.....

Summit Line . . . . . . .. . ..

North Vernon . . . . . .. J,M&LRR. . ... ... ..
Scipio . . . . ... ... J M&LRR. . ........
Vermon. . . . . . .. «.. J,M&LRR. ... ... .. .
e e e e e e e e Muscatatuck Bridge . . . . . . . .
JorNsoN CoUNTY—
Amity .'. . . ... ... J,M&LRR. ... ..... .
Edinburgh . . . . . .. .. J,MM&LRR. .. ..
Franklin. . . . . .. Jd, M.&LRR. .. .. .. ...
B e e e e e e C,IL,St L. &C. Crossing . . . . .
Whiteland . . . . . .. .. J,M&LRR. ... ..... .
Kxox CouNTY—
Bruceville . . . . . . . .. Indianapolis & Vincennes R. R . . .
Edwardsport . . . . . ... Indianapolis & Vincennes R. R . . .
Samborm . . . ... .. .. Indianapolis & Vincennes R. R . . .
Vincennes . . . . . . . .. E,L&EHRR. . ... ... ..
® e e e e e C&V.RR .. .........
“ e e e Bench mark on Court House . . . .
Westphalia. . . . . . . .. Indianapolis & Vincennes R. R . .
Kosc1usro COUNTY—
Claypool . . . . . . .. .. C,W.&M.RR ... . .....
Milford . . . ... . ... C,W.&M.R R .. .......
SilverLake. . . . . . . . . C,W.&M.RR . .. ......
Syracuse . . . . . . . . .. . R.R. . . .. ...
Wareaw . . . . . .. ... Crossing L.S. & M.S. R K. . . ..
L C,W.&M.RR .. .. . ....
LAGRANGE COUNTY—
Lagrange. . . . . . . . .. G R &Ind.RR ... .. ...
Lima. . . . .. ... ... GR&Ind.RR. ... ... ..
Valentine. . . . . . . . .. GR&IndRR.........
Wolcottsville. . . . . . . . GR.&Ind.RR. .. ... ...
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Altitude.

732

969
904
890

783
451
772
878
876
880

941
727
680
686
669

693
694
732
736
805

515
460
472
463
417
435
456

feet.

feet,
[{3

feet.

feet

feet
€«

[
[
“

“«©

feet.
“

3

“«

3
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Lake CoUNTY — . Authority.
Crown Point Station. . . . . Pan HandleR.R . . . . . . . ..
Gibson. . . . ... ... MCRR............
Hobart. . . ... .. ... P,Ft W.&C.R.R. .. .. ...
Lake Station. . . . . . . . JENRR .......
Towell . . . . . . . . . . L o e e
Millers. . . . ... .. .. LS&M.S.RR ........
Ross. . ... .... ... JEN.RR . ... ... ....
Tolleston. . . . . . .. .. M.CCRR............
Whiting . . . . ... ... LS&MS8SRR. .. ... ...
LarorTE CoUNTY—
Holmesville. . . . . ... . LS&EM8RR.. ... ....
Kingsburg . . . . . .. .. PeninsulaRRR . . . .. ... ..
Lacrosse . . . . . . . .. .PanHandleR.R . . .. ... ..
Michigan City . . . . . . . MCRR............
Michigan Lake . . . . . . . U.8. LakeSurvey . . . . . . . ..
Otis . . . ......... LB &M.SRR. ........
Rolling Prairie . . . . . . . L8&MSRR.........
Wanatah., . . . . ... .. P,Ft W.&C.R.R. . . . .. ..
Westville. . . . . ... .. L,NA&CRR ........
LAwRENCE COUNTY—
Bedford . . . .. .. ... L,NNA&C.RR .. ......
Mitchell . . . . . . ... O&MRR...........
MapisoN CoUNTY—
Alexandria. . . . . . .. .LE&W.RR ... ......
“ e e e Crossing C, W. & M.R.R . . . . .
Anderson. . . . . . . . .. C,C,C.&LRR.........
N .P.,C.&S8t.L.Crossing . . . . . ..
“ e e e e e e e C,C,C.&1.Crossing . . . . ...
“ e e e e e e s C,W.&M. Junction . . .. .. .
Chesterfield. . « . . . . . . C,C,C.&LR.R ... .....
Elwood . ... .. .... LE&WRR .........
Gillman . . . . ... ... LE&W.RR .........
Pendleton . . . . . . ... C,C,C.&LRR....... .
Summitville . . . . . . .. C,W.&M.RR .. ... ....
MarioN CoUNTY—
Actom . . « ¢ o v ... C,I,8t. L&LC.RR .. .. ...
Bridgeport . . . . . . . .. TH&LRR..........
Brightwood. . . . . . . .. C,C,C.&LRR.........
Galaudet. . . . . ... .. C,I,8t.L.&C.R.R .. . ... .
Indianapolis . . . . . . .. City datum, City Eogineer . . . . .
“ e e e e Belt R. R. Crossing J., M. & I . . .
“« o e . . Signal 8Station U. 8. Signal Oflice . .
“o e Union Depot . . . . . . .. ...
Lawrence. . . . . . . . . . C,C,C.&LRR. ... .....
Maywood. . . . . . . ... Indianapolis & Vincennes R. R
Southport . . . . . . . .. J,M&LRR..........
Valley Mills . . . . . ... Indianapolis & Vincennes R. R . . .

West Newton . . . . . .. . Indianapolis & Vincennes R. R . . . .

feet.

“

“

o
“
“

[{3

feet.
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MagssALL COUNTY— Authority. Altitude.
Plymouth ... .. .. .. P,Ft W.& W.R.R .. ..... 781 feet.
.« e eeeseee.P,K&PRR. . ... .. ... 769 «

“ e e e « o s oo oBurface Yellow River . . . . . . . 760
Teegarden . . . . . . . . . B,P&ECRR.......... 794 «

MARTIN COUNTY—

Loogootee . . . . . . . .. 0.&M.R.R ... ... ... .. 532 feet.
Shoals . . . . . e e e O&M.RR . ... ....... 480 «
West Shoals . . . . . . . . CenterStone,Croes of Cap on Basement

Window W.8.C.H . ... . . .. 523

MiaM1 CounTy—

Amboy. . . . . . . . . .. Pan HandleR.R . . . . . . . .. 810 feet.

BunkerHill . . . . .. .. Pan Handle R.R . . . . .. . .. 800 «

Chili.. .. ... .. ... Eel RiverR.R . . . . . .. ... 725 «

Mexico. . . . . . e e.+.ElRiverRR .. . .. ... .. 700 «

Peru. . . . .. .. ... W,8t L&P.RR. ... .. .. 655 «
B e e e e e e e e e Court House Square . . . . . . .

..... e e e e+ .0+.W&E.Canal. . . ... ..... 657 ¢«

MoNrOE CoUNTY—

Bloomington . . . « « ¢« « .L,NA.&C.R.R . . o oo o 742 feel.
Ellettsville. . . . . . . .. L,NNA&CRR ........ 682 ¢«
Harrodsburgh. . . . . . . .L,NNA&CR.R .. .. .. .. 506 «
Smithville . . . . . . . . . L,NA&CRR ... ..... 717 @

MoNTGOMERY COUNTY—

Crawfordsville . . . . . . . L,NA&CRR ........ 741 feet.
Whitesville., . . . . . . . L,NNA&C.RR........ 874 «
MoragAN CoUNTY—
Brooklyn. . . . . . . . .. Indianapolis & Vincennes R. R . . . 659 feet.
Martinsville . . . . . . . . Indianapolis & Vincennes R.R. . . 598 ¢
Mooresville. . . . « « . . . Indianapolis & Vincennes R.R. . . 6856
Paragom . . . . . . . . .. Indianapolis & Vincennes R. R . . 577 «

NewroN COUNTY—

Goodland . . .. .. ... T,P&W.RR.. ... e e o oo T18 feet.
Kentland. « ¢ ¢ c ¢ o . . .T,PLEW.RR.......... 681 «
NoBLE COUNTY—
Albion. . « ¢ v ¢ ¢ ¢+ . .B,P&CRR. ... ... ... 927 feet
Avilla . . .. ... . .. GR. &IdRR. ... .. ... 969 «
L Sommit. B,P.&C.R.R. . . .. 1,015 «
Brimfeld. . . . . . . .. LS8&MSRR......... 945 «
Kendallville . . . . . . .. LS&EM.8SRR......... 974 «
Ligonier . . . « ¢« ¢« . . . L8&M.S.RR......... 886 «
RomeCity . . . . . . . .. GR&Id.RR......... 920
Wawaka . « « « ¢ - « « .. .LSE&MBRR. .. ...... 896

OrANGE COUNTY—
Orleans . . « ¢ ¢« ¢ ¢+ L, NA&CRR ........ 633

275
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OweN CoUNTY— Authority.
CoalCity . . . . ... ... TH&SERR ........
Farmer ... ... .... Indianapolis & Vincennes R. R . . .
Freedom . . . . ... ... Indianapolis & Vincennes R. R . . .
Gosport. . . . . . . .. . . Indianapolis & Vincennes R. R . . .
Quincy. . . . . .. «¢e+« .L,NA&CRR. .. .. .....
Spencer . . . . . ... . « Indianapolis & Vincennes R. R . . .

PARKE COUNTY—

Bloomingdale. . . . . . .. I,D.&S.RR.. ... .....
Guiom . . . ... ... ILD&S.RR . ... ... ...
Leatherwood . . . . ... . I,L,D.&S.RR. ... .. .. ..
Marshall. . . ... ... .I,D.&S.RR. .. ... ... .
Montezuma . . . . . . . . . I,D.&S.R.R . . . .. .. ...
Rockville . .. .. . ... Gas Well, John T. Campbell, C. E. .
PorTER COUNTY—
Chesterton . . . . . . . . . LS&M.B.RR. .. ......
Furnesville. . . . . . . . . MCRR............
Hebron. . . . . . . .. .. PanhandleR.R. . . . .. . ...
Kout. . . . .. ... ... PanheandleR.R. . . . . . .. ..
Porter . . . . . ... ... M.CRR ... .......
Valparaiso . . . . . . . .. P,Ftt W.&C.R.R. . .....
“ e e e s e e e PeninsularR.R. . . . . . . . ..
Wheeler . . . . . . . ... P,Ftt W.&C.R.R. . ... ...
Posey County—
Mount Vernon . . . .. . .St L&S.ERR...... ...
Puraskgr CouNTY—
Francesvile. . . . . . . .. L,NNA&CRR ..... RPN
Gundrum . . ... ... .PanhandleR.R. . .. ... ...
BtarCity . « « « . . . . . . PanhandleR.R. . . . . .. ...
Winamae . . . . . . . . . PanhandleR.R. . . . ... ... .

PurnaM CounTy—
Bainbridge . . . . . ... .L,NNA&CRR ... .....

Barmnard . . . . .. . ... I,D&S.RR . ... ......
Cloverdale . . . . . . . .. L,N.A.&C.R.R ... .....
Fillmore . « . . . . . . .. TH&LRR......... .
Greencastle c e e e e THS&LRR .. ........

“ e e e e e Junction L., N.A.&C.R. R . .
Hamrick. . . . . . .. .. TH&ILRBRR ... .......
Putnamville . . . . . . .. L,NA&CRR ... .....
Raccoon . . . . . . . OL,D.&S.RR. .. .......
Reelsville, . . . . . . . .. TH&LRR ..........
Roachdale . . . . . . . .. I,D.&S.RR . ........
Russelville. . . . . . .. . I,D.&S.RR ... .......

Altitude.

528

895
749
667

642
630
572
700
494
688

660
669
714

647
738
801
666

407

710
706
718

feet.

“

“«

feet.
[

“«

feet.

feet.

feet.

“

«“
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Raxporrr CouNTy— Authority. Altitude.
Bloomingsport . . . . . . . I,B&EW.RR. ......... 1,225 feet.
Farmland . .. . ... .. C,C,C.&LRR......... 1,037 «
Harrisville. . . . . . . .. C,C,C.&LRR......... L101 «
Losantville. . . . . . . .. I,B&W.RR ..... ... L140 ¢
“Lyon. . . . .. ... Crossing I, B. & W. and G. R. & Ind. R. R,, 1,174 “
Parker. . . . . .. .. «.C,C,C.&LRR ...... .. 1,028 «
Ridgeville . . . . . . ... Pan HandleR.R . . . . . . . .. 994 «
UnionCity . . . . . . ... C,C,C.&ELRR......... 1,108 «
Winchester . . . . . . . .. C,C,C.&LRR........ . 1,08 «
RipLey County—
Batesville. . . . . . . ... C,I,S8t. LL&C.R.R. .. .. .. 968 feet.
Milan . . ... ... O&M.R.R. ... ....... 985 «
Morris. . .. . ... ... C,I,8t. LL&C.R. R . . . . . .. 982
Osgood. . . . . . ... .. O&M.RR ... ........ 950 ¢«
Pierceville . . . . . . ... O&M.RR........... 1,010 «
Spades - . . . .. ... .. C,L,St. L&C.R.R . .. ... . 1,013 «
Sunman . .. . ... ... C,I,8. L. &C.R.R.. . . .. .. 1,015 *
Ruse CoUNTY—
Falmouth . . . . . .. .. JM&LRR.......... 1,048 feet.
Homer. . . . . . . . . .. J,M&LRR. ... ....... 913 «
Manilla. . . . . .. . ... J,M.&LR. R. . .. ... ... 896 «
Rushville. . . . . . . . .. J,MM&LRR. .. ....... 964 «
“ o e e 0 a e + +CrossingC, HH&LRR. .. ... 972
8r. JosePH COUNTY—
.Mishawaka. . . . . . . .. LS &M.8SBRR......... 722 feet.
New Carlisle . . . . . . .. LS&M.SRR......... 772 “
Osceola . . . ... .... LS&M.SRR......... 737 «
South Bend. . . . . . . .. L8&MSRR......... 726
“© o e Mid.A.LRR... ...... 679 «
® e e e e Crossing Pemn. R.R . . . . . . .. 733 «
Lo St. Joe River, Peninsula R. R. . . . 699 «
Terre Coupee . . . . . . . . LS&MSRR........ . 760 «
Scorr CoUNTY—
Austin. . . . .. .. ... JIM&LRR. .. ....... 549 feet.
Lexington . . . . . . ... O&M.RR ... ... .. ... 626 «
Scottsburgh . . . . . . . .. J,M&LRR.......... 570 «
Vienna . . . . ... ... JI,M&LRR......... . b66 «
SHELBY COUNTY—
Fairland. . . . . . .. .. C,I,8t. LL&C.B.R . . .. ... 774 feet.
FlatRock . . . ... ... J,M&LRR. ... ... ... 695
LewisCreek . . . . . . .. J,M&IRR ... ....... 713 “
London. . . . . . . . . . . C,I,8t. LL&C.RRR . . . . . .. 775 “
Morristown . . . . . . . . . C,H&LRR.......... 842 «
Prescott . . . . . . . . .. C,I,St LL&C.RR . . . . ... 792 ¢«
Shelbyville. . - . . . ... J,MM&LRR....... ... 769 “
¥ e e e e e e Croesing C., I, St. L.& C.R.R. . . 768 «
«“

Waldron. . ¢« ¢« ¢ ¢ ¢ o« .C,L,Btt LL&EC.RR.. . .. .. 819
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STABRKE COUNTY— Authority. Altitude.
EnglishLake. . . . . . .. P,Ftt W.&C.R.R. . .. .. .. 660 feet.
Hamlet. « « « . . . . . .. P,Ft. W.&C.R.R. .. .. ... 698 «
NorthJudsen. . . . .. . .P,K.&P.RR. .. ... ... . 681 «
San Pierre . . . . . . . .. P,K.&P.R. R .. .. ... 689 «

StEUBEN COUNTY—

Angola. . .« . . ... .. .FLW,JL&ESRR. ... .. « o 1,062 feet.
Freemont. . . . . . . . .. Ft W, JJ&4BRR........105 ¢

“ et e e e e Geodetlc Station U. 8. LSurvey .. 1,142 «
Pleasant Lake . . . . . . “Ft.W,J &8 RR........ 9075 ¢

SuLLIvAN CoUNTY—

Sullivan . . . . . . . . .. E&THRR... . ..... 588 feet.

TrpPROANOE COUNTY—

Clarks Hill . . ... ... C,L,8t.L&C.R.R. . ... .. 782 feet.
Dayton. . . . ... . ... LE&WERR.......... 648 «
Lafayette. - . « . . . . . . T,W.&W.RR .. ....... 595 «
Montmorenci . . . . . . . . LE&W.RR. ... .... .. 672 “
TrproN CoUNTY—
Goldsmith . . . . .. ... LE&W.RR.......... 903 feet.
Hobbs . . . . . . ... .. LE&WRR.......... 887 ¢
Kempton..........LE&WRR.......... 930 «
Tipton. . « « « « « o« .. LE&W.RR.......... 868 “

UxioN CowNTY—

Brownsville. . . . . . . .. C,H&LRR.......... 798 feet.
Liberty. . . « . . . . . .. C,H &LRBRR........ 979 «

VANDERBURGH COUNTY—

Evansville . . . . . . . . .L,E,E&8W.RR. .. .... 378 feet.
“ C e e e e e Low Water, Ohio River . . . . . . 326

VERMILLION COUNTY—

Clinton . . . .. . ..E,TTH &C.RR .. ... .. . 494 feet.

Paa . ..... ....LLDE&SRR.......... 643
Eugene . ... ... .. .E, TH.&C.RR .. ... .. .. 507 ¢
Gessie « . « ¢« ¢ ¢ o 0 o o E, TH &CRR .. ... ... 616 “
Hillsdale. . . . « . . .. . I, D.&ESRR .. ... ..... 452 “
Newport . « . . « . ... .E,TH&CRR .. ...... 404 ¢
Perrysville. . . . . . . .. E, TH &CRR ... ..... 582
Summit Grove . . . . . . . E, TH&CRR . ....... 520 “

Vico County—

Atherton. . . . . . . . . . E, TH&CRR .. ... ... 522 feet.
Riley « « - ¢« ¢ ¢« o o . .. TH&SERR. .. ... .... 569 “
Seelyville . . . . .. . .. TH&LRR .. .. ... ... 585 «
Terre Haute . . . . . . . . E,T.H &C.BR. R 493 «

“ oo e ..7&8&“(&““!‘1‘1‘1.&]1;.1\ 496 «
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‘Wasasa CouNTY— Authority. Altitude.
La Fontaine . . . . .. .. C,W.&M.RR . ... ..... 894 feet.
LaGro. . . . . . . .. .. T,W.&W.RR......... 698
Laketon . . . . . .. ... EelRiver RR . . . . . . . . .. 762 «
Liberty Mills. . . . . . .. Eel River R R . . . . . . .. .. 778 «
North Manchester. . . . . . Eel River RR.R . . . . . . . ... 775 «
Roamn. . . . .. .. ... EelRiver RR . . . . . .. ... 750
Urbana . ... ... ... C,W.&M.RR .. .. .. ... 815 «
Wabash . . ... .. ... W,S5t.L&P.RR........ 735 «
o P .C.H.8q,W.&E:Canal . . . . .. 730 «
S e e e e e W.,,8t. L. & P. Crossing over C., W. &
MRR. ............ 742 ¢
‘WARBREN COUNTY—
Marshfield . . . . .. ... T, WE&W.RR......... 721 feet.
West Lebanon . . . . . .. T,W.&W.RR......... 720 “
Williameport. . . . . . . . T, W.&W.RR ... ...... 619 «
Wagrick CouNTY—
Boonville. . . . . . .L,E,E &S W.RR.. ... .. 391 feet.
Chandler. . . . . ... .. L.E,E&SW.RR....... 406
De Forest . . . .. .. .. L,E,E. &S W.RR. . ..... 406
WaAsSHINGTON COUNTY—
Harristown. . . . . ee..L,NA&CRR ........ 872 feet.
Salem . . . ... .. ... L,N.A.&C.RR .. .. .... 714 «
WayYNE CoUNTY—
Beesons . . . . . .. ... Ft. W, M.&C.R.R. . . .. ... 875 feet.
CambridgeCity . . . . . . . J M&LR.R. . ... .. ... 941 «
GreensFork . . . . ... . LLB&W.RR .. ... .... 1,120 «
Richmond . . .. .. ... C,R &Ft. W.R.R. . . ... .. 969 «
“ e e e e e e Low Water, Whitewater River . . . 885
WEeLLS CoUNTY —
Bluffton . . . ... .. .. Ft. W, M.&C.R.R .. .. ... 837 feet.
Keystone . . . . . .. ... Ft. W, M.&C.R.R .. .. ... 871 ¢
Ossian . . . . .. ... .. Ft. W, M.&C.R R .. ... .. 831 «
WaITE COUNTY— .
Chalmers. . . . . ... .. L,NA&CRR .. ...... 707 feet.
Idaville . . . ... .... T,P&W.RR. .. ....... 712 «
Monticello . . . . . . . .. T,P.&W.RR ... ...... 672 «
Reynolds . . . . . ... .. T,P&EW.RR .. ....... 692 «
WaHITLEY COUNTY— .
Cherubusco . . . . . . . .. EelRiver RR.R . . . . ... . . .. 1725 feet.
Collamer . . . . . . . ... Eel River R R . . . . . . . ... 795 ¢
Collins . . . . . ... ... Eel River R R . . . . .. .. .. 870 ¢
Columbia City . . . . . . . P,Ft. W.&C.R.R. . . .. ... 836
South Whitley . . . . . .. Eel River R.R . . . . . . .. .. 808 «



ECONOMIC USE OF NATURAL GAS.

Natural gas is used for two purposes, heating and lighting. It produces
intense heat, and may be used in the reduction of the most refractory
metals; in the manufacture of brick, tile, porcelain and glass; for pro-
ducing steam, and for all domestic purposes. It is comparatively free
from sulphuric and other deleterious acids, which makes it particularly
valuable in foundries, machine shops, and in all manufactories which
manufacture metal goods. It is greatly superior to all other fuels used in
the manufacture of glass.

It is most important in building up the manufacturing interests of any
locality producing it. Its appreciation as a fuel by manufacturers may be
better understood by a review of the manufacturing industries located
within the gas area of Indiana within the past year. These embrace
manufactories engaged in the manufacture of straw board, straw paper,
wood pulp and wood paper, steel works, foundries, nail mills, bar and
bolt works, and bell foundries; plate glass, window glass, fruit cans, and
bottle factories; crayon factories, fruit-cdnning factories, excelsior mills,
saw-mills and flouring mills; brick and tile factories, and many other
industries, in which several million dollars are invested and hundreds of
hands employed.

At Anderson, Madison County, are located & number of large concerns,
which have changed the city from a quiet commercial place to a bustling
manufacturing center. The following named manufactories are already
located at Anderson, and capitalists are almost daily visiting that place, as
well as all the other more important points, with a view of locating manu-
facturing enterprises.

UNION STRAWBOARD WORKS,
Incorporated.
Capital invested, $200,000.
Number of employes, 150.
Wages of unskilled laborers, 75 cents to $1. 25 per day.
Woages of skilled laborers, $1.50 to $2.50 per day.
Capacity of the works, 30 tons per day.
Price of produet to consumers, 424 cents per ton.
Principal raw materials used, straw and lime.
Raw material all obtained in Indiana.
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Horse-power of engines, 800.

Horse-power of boilers, 1,200.

The principal uses of the product are in the manufacture of paper
boxes, car wheels, house lining, egg cases, berry baskets, carpet lining, ete.

ANDERSON BOLT WORKS.

Incorporated in New York.

Cost of plant and working capital, $250,000.

Number of employes, 100. '

Wages of unskilled laborers, $1.00 per day.

Wages of skilled laborers, $2.50 per day.

Manufacture bolts, nuts, leg screws, etc.

Daily capacity, 15,000 pounds.

The raw material is all procured from the Mahoning Valley, Ohio.
Power of boiler, 80-horse.

Power of engine, 80-horse.

ANDERSON KNIFE AND BAR WORKS.

Silas E. Famen, Sppérintendent.

Manufacture machine knives of all kinds, ete.

Cost of plant and working capital, $50,000.

Value of annual product, $100,000.

Number. of employes, 50.

Wages of unskilled lahorers, $1.25 to $1.50 per day.

Wages of skilled laborers, $2.00 to $3.00 per day.

Power of engine, 150-horse.

Their grindstones are procured from Marietta and Cleveland, Ohio.
Their high grade steel is obtained from England and their low grade steel
from Pittsburg.

BUTLER GLASS COMPANY, OF ANDERSON, INDIANA.

Incorporated.

Cost of plant and working capital, $33,000.

Number of merf employed, 30.

Number of boys employed, 40.

Wages of skilled men, $4.00 to $6.00 per day.

Wages of unskilled men, $1.75 per day.

Wages of boys, 50 cents per day.

Value of annual product, $60,000.

Manufacture flint bottles.

Their sand is procured at Pendleton, Indiana, their ground limestone
from Cleveland, Ohio, and their soda ash from England.

19—GEoLOGY.
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THE AMERICAN WIRE NAIL COMPANY, OF COVINGTON, KENTUCKY.

Incorporated.

Cost of plant and working capital, $500,000.

Manufacture steel rods, steel wire and wire nails.

Capacity of steel rod mill, 100 tons per day.

Capacity of steel wire mill, 75 tons per day.

Capacity of nail mill, 1,500 kegs per day.

Number of hands employed, 300.

Wages of skilled men, $3.00 to $5.00 per day.

Wages of unekilled men, $1.50 per day.

Power of engine, 2,000-horse.

Raw material, steel billets, imported from England and bought in
Pittsburg. '

S8EFTON MANUFACTURING COMPANY.

Manufacture paper pails, etc.
Will employ between 200 to 300 hands.
This concern is located, but has not yet begun work.

JONES & CLEMENT’S BRICK YARD.

Manufacture machine pressed brick.

Capital invested, $25,000.

Number of employes, 30.

Wages of employes, $1.50 per day.

Daily product, 25,000 brick.

Steam power used, 40-horse.

The bricks are dried with hot air, burned with natural gas, and the
work is continued the year round.

The brick-sand is obtained from Sandusky, Ohio.

* MANUFACTORIES AT DUNKIRK.

Dunkirk is a small town in the southwestern part of Jay County. The
Chicago, St. Louis & Pittsburg Railroad passes through,it. In 1880 the
population was 662. The following important manufacturing establish-
ments have been located there and are in active operation :

THE DUNKIRK WINDOW GLASS COMPANY.

J. F. Wilcox, President.

C. P. Cole, Secretary and Treasury.
John Ames, Superintendent.
Incorporated.



‘

EOONOMIC USE OF NATURAL GAS. 283

Capital stock, $25,000.

Cost of plant and working capital, $40,000.

Number of furnaces, 2.

Number of pots, 12.

Number of employes, 65.

Average weekly pay-roll, $900. .

Engine power, 15-horse.

The sand used is obtained from Millington,. Illinois.

The salt cake and soda ash used are obtained from England.

The daily prodict of the factory is 225 boxes of window glass of 50
feet each.

THE DUNKIRK EXCELSIOR WORKS.

Charles A. Maish & Co., Cincinnati, proprietors.
Capital invested, $9,000.

Number of employes, 10.

Weekly pay-roll, $80.

Daily product, 5 tons.

Boiler power, 50-horse.

Engine power, 45-horse.
The raw material is all procured in Indiana.

MANUFACTORIES AT EATON.

Eaton is the pioneer of natural gas towns in Indiana. The first natural
gas in the present broad gas field of this State was found here. An
account of the pioneer work done at Eaton is given in the fifteenth annual
report of the Department of Geology and Natural History.

One excelsior manufactory is located here. Ames & Carter, proprietors.

Number of employes, 14.

Wages of employes, $1.25 to $1.50 per day.

Capacity of works, 6 to 8 tons per day.

Power of engine, 60-horse.

The raw material is all obtained in the vicinity of Eaton.

MANUFACTORIES AT ELWOOD.

At Elwood, a thriving town in the northwestern part of Madison
County, on the Lake Erie & Western Railroad, are located the following
factories: ,

LEESON & MARSH EXCELSIOR COMPANY,

Capital invested, $4,000.
Number of employes, 12.
Wages of employes, $1.25 to $1.50 per day.
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ELWOOD PLANING MILL COMPANY.

Capital invested, $8,000.

Employes, 12.

Wages of employes, $1.25 to $1.50 per day.

Raw material for both concerns is all obtained in Indiana.

MANUFACTORIES AT FAIRMONT

FLOURING MILL.

Capital employed, $8,000.

Capacity, 100 barrels per day.

Number of employes, 7.

Average wages of employes, $1.50 per day.
Raw material obtained in Indiana.

HOOP MANUFACTORY.

Capital invested, $6,600.

Number of employes, 20.

Average wages of employes, $1.25 per day.
Product amounts to $1,200 per month.

RaWw material obtained in the vicinity of the town

EXCELSIOR MANUFACTURING COMPANY.

Capital invested, $2,500.

Number of employes, 15.

Average wages of employes, $1.25 per day.

Value of product, $1,500 per month.

Raw material all obtained in the vicinity of Fairmont

ROLLER MILL REDUCTION MACHINERY MANUFACTURING COMPANY.

Capital invested, $20,000.
Will employ from 25 to 50 hands.

SAW AND PLANING MILL.*

Capital invested, $10,000.

Number of employes, 30.

Wages of employes, $1.25 to $1.50 per day.
Raw material obtained in Indiana.

® Has been destroyed by fire.
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MANUFACTORIES AT HARTFORD CITY.
HARTFORD PULP COMPANY.

A. Reynalds, President.
ncorporated.
Capital, $30,000.
Manufacture wood pulp.
Number of employes, 20.
Weekly pay-roll, $220.
Capacity of works, 4 tons, dry, per day.
- Power of engine, 550-horse.
Power of boiler, 700-horse.
Raw material all obtained in Indiana.

HARTFORD CITY EXCELSIOR WORKS.

Capital invested, $3,000.

Number of employes, 10.

Average wages of employes, $1.25 per day.
Power of engine, 16-horse.

Will soon put in a 60-horse power engine.

CHICAGO STEEL ROLLING MILL COMPANY.

Incorporated.

Capital stock, $200,000.

Number of employes, 100.

Not yet in operation, but guaranteed to run 300 days in the year.

MANUFACTORIES AT KOKOMO.

KOKOMO STRAW BOARD COMPANY.

Incorporated.

Capital stock, $200,000.

Number of employes, 80.

Wages of unskilled laborers, $1.50 per day.
Wages of skilled workmen, $2.25 per day.
Number of boilers, 8

Total boiler capacity, 1,100-horse power.
One engine of 250-horse power.

One engine of 80-horse power.

One engine of 60-horse power.

Total horse-power, 3%0.

285
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Manufacture the finest quality of straw-board, or what is commonly
termed ** paste-board.”

Lime obtained from Marion, Ohio.

Straw obtained in Indiana.

Capacity, 18 tons per day.

THE NEWMAN PAPER COMPANY.

Manufacture of wood pulp.

Incorporated.

Capital stock, $50,000.

Number of employes, 20.

Average wages of unskilled hands, $1.25 per day.
Average wages of skilled men, $2.00.

Capacity of works, 15 tons per day.

Value of product, $40 to $50 per ton.

Engine power, 150-horse.

Boiler power, 240-horse.

Raw material obtained from the Kokomo wood pulp mill.

ROCKFORD BIT WORKS.

Incorporated.

Capital stock, $40,000.

Manufacture augirs and bits of all kinds.
Number of employes, 75.

Wages of skilled workmen, $2.25 per day.
Wages of unskilled workmen, $1.00 per day.
Raw material all of domestic production.
Capacity of works, 1,000 bits per day.
Boiler power, 65-horse.

Engine power, 50-horse.

HOWARD GLASS COMPANY.

Capital invested, $6,500.

Tank factory, with 10-pot capacity.

Employes, 40.

Wages of skilled men, $4.00 to $6.00 per day.
Wages of unskilled men, $1.26 per day.
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ROCK ISLAND KNIFE AND SHEAR WORKS,

Incorporated.

Capital, $33,000.

Number of employes, 30.

Wages of skilled workmen, $3.00 per day.
Wages of unskilled laborers, $1.00 per day.
Capacity of works, thirty dozen pairs per day.
American iron and steel used exclusively.
Boiler, 30-horse power capacity.

Engine, 25-horse power capacity.

OPALESCENT GLASS WORKS.

Capital invested, $10,000.

Number of pots, 7.

Number of employes, 50.

Wages of skilled men, $3.00 to $5.00 per day.
Wages of unskilled men, $1.50 per day.
Manufacture colored and ornamental glassware.
Sand obtained from Millington, Illinois.

Soda, ash and potash, imported.

DIAMOND PLATE GLASS WORKS.

Incorporated.

Capital stock, $500,000.

Manufactnre plate glass.

Number of employes, 400 to 500.

Average wages of skilled workmen, $4.00. per day.

Average wages of unskilled workmen, $1.50 per day.

Number of pots, 40.

Capacity of pots, 100 to 125 square feet of glass each.

Daily capacity of works, 4,500 square feet.

One engine, of 600-horse power.

Fifteen engines, of 60-horse power each.

Glass sand obtained from Millington, Illinois

Grinding sand obtained from local deposits.

Lime obtained, probably, from Depauw, at New Albany, Indiana.

This institution is not yet in operation, but is rapidly approaching com-
pletion. '
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