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PREF ACH. 

There is probabiy nothing an author regrets more than 

to be obliged to publish the results of his labors in an 

incomplete form. While all fall short of their wishes in 

this regard, it is not unfrequently the case, that the nature 

or magnitude of the subject treated renders a near approach 

to perfection impossible. This is especially true of geolo- 

gical subjects, and peculiar trials beset those who undertake 

the preparation of reports upon State Geological Surveys, as 

they are usually organized. Instead of adopting a definite 

policy for the work, and making suitable and reliable 

provision for maintaining it until it shall be completed 

upon a carefully devised plan, the State Legislatures 

usually authorize these surveys by special legislative acts, 

appropriating, at the same time, only sufficient funds to 

commence them. These acts are not only liable to be 

repealed by any subsequent legislature, and the work 

thereby arrested, but it is in constant danger of being 

suspended by the failure of those legislatures to. provide 

funds for its support. Examples of such legislation may 

be seen in the copies of laws in the historical part of the 

introduction on pages eight to twelve. 

Under such circumstances, the person appointed to con- 

duct the work feels obliged to adopt, not such plans as he 
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knows to be best in case it were sure to be completed, but 

such as will ensure the most creditable results for the short 

time he may have charge of it. Thus, the full realization — 

of the objects for which the people, through their represen- 

tatives, support these works, is seldom attained. 

In gathering together the results of the past four year’s 

labor to be embodied in this report, which is ordered to be 

published without further addition, it has been my aim to so 

arrange and present them that the subjects treated should be 

not only as complete in themselves, as the circumstances 

would permit, but that the report should also serve as a 

basis for future labor of the kind, if the legislature should 

ever order it. 

Besides the mention in my letter to the Governor, on pages 

three and four, of persons who have conferred especial favor 

while the survey was in progress, I desire here to acknow- 

~ ledge the earnest efforts of the publishers, Messrs. Miris & 

Co., to present the work to the public in a creditable manner 

in all its parts. 

C. A. WHITE. 
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LETTER TO THE GOVERNOR. 

To His ExcELLENCY, SAMUEL MERRILL, Governor of Iowa. 

Sir :—I have the honor of laying before you my report embracing the oreater 

part of the results of the labors of the State Geological Survey performed by 

myself and under my direction during the years 1866 to 1869 inclusive. The 

work was undertaken and prosecuted during the first two years with a view to its 

full completion, but by the act of the Twelfth General Assembly, I was required 

to “complete the Geological Survey of the State on or before the first day of 

January, 1870, and to prepare a full and complete report of the said Survey, 

accompanied by such maps and drawings as may be necessary to illustrate the 

same, and transmit them to the Governor, who shall lay a copy of such report 

before the next General Assembly.” 

The work of only a general reconnoissance has been so great that it has been 

impossible to fulfill this requirement, and as that fact was anticipated and so 

stated in my report to your predecessor, Governor Stone, and by him laid before 

that General Assembly, I have felt obliged to regard the clause just quoted as a 

direction to discontinue the work at the time designated. I haye therefore made 

arrangements for the employment of my time, in professional duties, at the State 

University from and after the close of the present year. This explanation is 

made for no other purpose than to account for the incomplete form in which the 

report is now presented. 

Although it is believed that the report, as herewith presented, contains much 

material of great practical value and scientific interest, as well as a nearly com- 

plete general view of the geology of the State, it comprises only a part of the 

whole work to be done. Besides the matter more or less thoroughly digested 

and presented in this report, the Survey and its different members are in posses- 

sion of much other valuable matter, the results of uncompleted observations, that 

is yet too imperfect for publication. This will necessarily be entirely lost unless 

_ the observations are completed. Again, a very important work is now arreste 

in the very midst of its usefulaess. This is the detailed examination of th 

Lower coal-measure formation, which is known to contain far the most important 

part of the coal of the State. These observatious could not have been intelligibly 

made before, by omitting others that have been made, because they must be 

based upoa more general observations previously accomplished. 

It is especially desirable that this unfinished work in the coal-field and 

elsewhere should be completed, and the results embodied in this report before it 

is published. A small appropriation only, in addition to what now remairs 
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unexpended in the treasury, would be sufficient to do this if it is decided not to 

complete the whole work in an exhaustive manner. Should the next General 

Assembly desire it, the additional work can be accomplished within the next two 

years by myself and my able assistants during the vacations of the institutions 

with which we are respectively connected. 

As the former geological report, made under the direction of Prof. James 

Hall, of Albany, New York, was devoted exclusively to the eastern half of the 

State, the labors of the Survey as organized uoder my own direction have been 

largely devoted to the westera half. However, so fur as the mineral and other 

material resources of the State are concerned, it has been my object to present 

them as fully as practicable in this report without regard to the part of the State 

in which they occur. In presenting the general geology of the whole State, as 

well as some of the details of that of its eastera half, I have necessarily repeated 

some of the matter contained in that former report, but even this is largely the 

result of observations made by the different members of the Survey as at present 

organized. This limited repetitioa was thought to be desirable rather than 

objectionable from the fact that, the former report being out of print, very few of 

those into whose hands this report shall fall would otherwise be able to obtain a 

general view of the geology of the whole State. The chapter in the former 

report by Prof. J. D. Whituey upon the lead mines of Dubuque, presented the 

subject in so complete a manner and the account of his labors there given has 

proven so reliable and satisfactory after a lapse of more than ten years, that I 

have deemed it unnecessary to make any special examination of that region, and 

have necessarily confined myself there to such investigations only as subsequent 

time has suggested as supplemental to his labors. There would be great pro- 

priety in republishing Prof. Whitney’s report upon the Dubuque lead mines, 

With this exception, I have endeavored to embrace all the important matters 

connected with the geology of the State, giving especial attention to such 

subjects as pertain to its material wealth; leaving those of a more abstract 

scientific character to a future time. 

This report, therefore, embraces the following subjects, namely : 

1. Physical Geography and Surface Geology, including observations upon the 

soils and sub-soils, drainage systems, general topography, etc., with numerous 

illustratioas. 

2. General Structural Geology of the whole State illustrated by maps and 

diagrams. 

3. County and Regional Geology, especially considered and illustrated. 

4. Mineralogy, Lithology, and Chemistry, including, besides the Chemist's 

report, an accouut of the stone, clays, minerals, etc., of the State and of their 

economic value. 

Referring more definitely to some of the many important and interesting sub- 

jects that have engaged the attention of myself and my assistants, I may mention 

the satisfactory solution of the question as to the relative position of the strata 

that underlie and overlie the coal-bearing formations and the determination of 

their dips and trends. As a result of this, the opinion is confidently expressed 
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that coal may be sought for over the whole of southwestern Iowa with reason- 

able hope of finding plentiful supplies at a not unusual depth as mined in other 

countries and in other parts of our own. Thus we have reason to hope that the 

present known coal-area of the State, amounting to about seven thousand square 

miles, will be doubled by the discovery of coal at some depth beneath the surface 

of an equal area of southwestern Iowa. 

The existence of large quantities of excellent peat has also been fully demon- 

strated and reported. I have also lost no opportunity of assuring the public that 

all kinds of our indigenous forest trees will grow with wonderful thriftiness upon 

all varieties of our prairie and other soils wherever they are protected from the 

prairie fires. These facts show that the future supplies of fuel for both the 

present and prospective inhabitants of our State are to be abundant and certain. 

Of minor, but yet very important subjects, 1 may mention the demonstrated 

value of some of our magnesian limestones for the preparation of hydraulic lime; 

of the Fort Dodge gypsum for all the uses to which that substance is applicable 
in the arts, sciences, and agriculture, etc., etc. 

For reasons given, I have not hesitated to discourage all explorations for 

mineral oil or the precious metals in any part of the State. I have also 

endeavored to show that although iron ore of good quality has been frequently 

found in various parts of the State, and in different formations, it is always in 

very limited quantity; and in view of the bountiful supplies to be obtained 

elsewhere in our country, the best of ours in Iowa is practically valueless so far 

as now known. I have endeavored to point out the hazard of exploring for 

coal beyond the northern and eastern boundaries of the coal-field as designated 

upon the geological map and explained in the text; and to indicate the certainty 

of failure if such explorations are undertaken at any considerable distance beyond 

those borders. These unpleasant truths have been plainly presented, knowing that 

the people would be as faithfully served by desigaating the character of such 

enterprises as will be sure to entail serious loss, as by designating the limits 

within which they may hope to succeed. 

The reports of my assistant, Prof. O. H. St. John of the Iowa State Agricul 

tural College, will be found in the chapters which bear his name. While calling 

your attention to these, I wish to express to you my indebtedness to him for im- 

portant aid also in the labors, the results of which are given in the chapters on 

northwestern Iowa and on the gypsum region of Fort Dodge; of both of which he 

may with propriety be regarded as the joint author. Of the results of his labors 

the public have now an opportunity to judge, but I would do injustice to myself if 

I should allow this opportunity to pass without expressing to your Excellency my 

unqualified admiration of the manner in which he has performed his arduous duties 

during the past three years. He has shrunk from no labor, however severe, and 

from no exposure, however extreme, whenever labor and exposure were necessary 

to further, in any degree, the interests of the work. All but one of the maps, all 

diagrams, figures, and sketches which illustrate this report are also the work of 

his hands. 

The chapter on Chemistry, by Prof. Rush Emery, formerly of the Iowa State 
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University, now of Genesee College, New York, is an important, nay a0 indis- 

pensable addition to this report. Prof Emery has performed his duties with a 

zeal and conscientiousness worthy of all admiration and I bespeak for his work 

the full confidence of the public. 

It is matter of the greatest satisfaction to myself that both of these gentlemen, 

amid all the perplexities inseparable from our arduous and peculiar labors, have 

placed me under especial obligations for their constant kindness. 

Besides the assistance of the gentlemen, regularly appointed to the work, I 

have received important aid from others, much of which was rendered gratuit- 

ously. The names of each of these persons will be found in the text in con— 

nection with the matter furaished. Among the most important of this gratuitous 

aid is a series of lists of elevations along the lines of nearly all the railroads in the 

State, both finished and projected, furnished by their respective Chief Engineers ; 

and the chapter on Meteorology and Climatology by Prof. T. S. Parvia. Prof. 

Parvin’s observations comprise the earliest and most extensive observations of 

the kind ever made in the State. When it is remembered how intimately Meteor- 

ology and Climatology are connected with the most important interest of our 

Commonwealth, namely: Agriculture; and how great an influence the presence 

of forests has upon the climate of a region, in connection with the fact that the 

woodland area of Iowa has constantly increased with the advancing settlement of 

the State, the value of Prof. Parvin’s observations for present and future consul- 

tation will be quite apparent. 

I employed Mr. W. R. Morley to reduce the data furnished by the railroad 

engineers, for use in the chapter on Physical Geography. In consequence of the 

liberal kindness of those gentlemen, the only cost to the survey of that important 

addition to the report has been the office-work necessary to prepare the material 

for the printer. The list of elevations will all be found in the form of an appendix 

(Appendix A) to this report. 

Learning that Mr. J. A. Allen, Ornithologist of the Museum of Comparative 

Zoology, Cambridge, Mass., intended to spend the season of 1867 in Iowa to study 

its birds, I invited him to make the camp of the Geological Survey his head- 

quarters. He did so, and has generously furnished a list of the birds of Iowa 

herewith accompanying this report as appendix B. The acknowledged im- 

portance of ornithology in relation to our great interest—a griculture—makes any 

explanation of the association of such a list with this report unnecessary. 

In consequence ,¢f the constant necessity of referring to the linear surveys of 

the general government, in describing the geology of the State in this report, it 

has seemed;necessary that a full explanation of the system upon which those 

surveys are based should accompany it. I have therefore procured such an ex- 

planation from Mr. Chas. W. Irish, Civil Engineer, who is well acquainted with 

‘the subject in all its details. It accompanies this report as appendix C. 

The chemical department of the survey has been placed under important obli- 

gations to Rey. Father Emonds, of St. Mary’s Church, Iowa City, for the loan of 

apparatus from his private laboratory, which it was impossible to obtain else- 

where at the time it was needed. 
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_ The trustees of the State University have generously given the use of suitable 

rooms for the purposes of the survey from the beginning, thereby saving all 

expenses for rent which would otherwise have been necessary. 

Besides the favors received from the gentlemen here named and referred to, 

the citizens generally have upon all occasions shown the utmost kindness to all 

persons connected with the work. So numerous indeed have been the kind 

offices received that the list would be too long to give in this place without doing 

injustice to some, and I am therefore reluctantly compelled to omit it. 

Dems I have the honor to be, your obedient servant, 

CHARLES A. WHITE, State Geologist. 

Towa City, Iowa, Dec. 23, 1869. 
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GEOLOGICAL SURVEY OF IOWA. 

INTRODUCTION. 

i, (rb SPOR TC Ac Tu. 

By act of the General Assembly of lowa, in January, 1855, 

a geological survey of the State was ordered, and immedi- 

ately afterwards Prof. James Hall, of Albany, New York, 

was appointed State Geologist, and Prof. J. D. Whitney, of 

Northampton, Massachusetts, as Chemist and Mineralogist. 

The work was continued during subsequent years, Mr. A. H. 

Worthen, now State Geologist of Illinois, acting a part of the 

- time as field-assistant, when in the winter of 1858-9 their final 

report was printed in two volumes by order of the General 

Assembly. ; 

This work has now been before the public more than ten 

years and its merits are well known. It was expected by those 

then having the work in charge, and also contemplated by the 

General Assembly that ordered it, that it would be continued 

until the whole State had been carefully examined and re- 

ported upon. 

Consequently that report embraced only the results of labor 

performed in the east half of the State ; and a full considera- 

tion also of much of the economic geology of that half was 

omitted. 

No provision was subsequently made for continuing the 
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work until the meeting of the Eleventh General Assembly, 

when in view of its unfinished condition the re-organization of 

the survey was ordered in April, 1866, by the following act : 

CHAPTER “3. 

AN ACT providing for the completion of the Geological Survey of the State of 

Iowa. 

Section 1. Be it enacted by the General Assembly of the State of Iowa, that for the 

purpose of completing the Geological Survey of the State, Charles A. White, of 

Johnson county, is hereby appointed State Geologist and shall hold his office for 

the term of two years, or until his successor is appointed. 

Src. 2. The State Geologist shall be authorized to appoint a competent assist- 

ant, and also askillful analytical and experimental chemist, who shall report to the 

State Geologist the analysis of such soils, rocks, coals, ores, and other mineral sub- 

stances as he may submit to him for that purpose. He shall also have power to 

employ such further assistance as he may deem necessary to prosecute promptly 

and efficiently the field-work connected with the survey. AJl persons employed 

by him shall be under his direction and subject to removal by him. All the speci- 

mens of minerals, fossils, rocks, soils, coals, ores, or other geological or mineral 

substances of any value or interest to either the practical or amateur geologist, and 

any drawings or sketches of the same obtained or made by the State Geologist, as 

well as the copyright of the reports, and all books printed therefrom shall belong 

to the State, and no specimen, copy, draft, or part of the same, shall be given away 

or sold, or be permitted to be carried away contrary to the provisions of this act. 

And the State Geologist or any of his assistants or employes or any other person 

who shall violate any provision of this section shall be deemed guilty of a misde- 

meanor. 

Src. 8. It shall be the duty of the State Geologist and his assistants, to carry 

on with as much expedition as practicable the Geological and Mineralogical Sur- 

vey of the State, including observations and examinations of the soil for agricul- 

tural purposes. He may also include in his report such matters as pertain to 

physical geography, and such other matters as properly and usually pertain to a 

survey of this kind; it being expressly required of the State Geologist and his 

assistant, that these duties be performed in such a manner as to give to the people 

of the State the greatest amount of practical information in relation to its re- 

sources. 

Src. 4. It shall be the duty of the State Geologist on or before the first 

Monday of January of each year, to prepare a report of said survey and its 

progress, accompanied by such maps and drawings as may be necessary to illus— 

trate the same and transmit them to the Governor who shall lay a copy of such 

reports before the General Assembly. The State Geologist shall, as far as practi— 

cable, use such words in his reports as are in common use, and that he shall 
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accompany each volume of his reports with a glossary. It shall also be his duty 

to prepare, from time to time during the progress of the survey, communications 

for publication in the newspapers of the State, provided it shall be done without 

expense to the State, embodying such information in reference to the character and 

quality of the soil, deposits of coal, minerals and other valuable substances as he 

may deem of general interest and importance to the public. 

Sec 5. It shall be the duty of the State Geologist to cause collectiors to be 

made of rocks, soils, fossils, coals, ores, and other mineral substances discovered or 

examined, which shall be disposed of as follows, to-wit: all rare specimens of 

which duplicates cannot be found, and all specimens from which descriptions or 

illustrations are drawn for publication shall be deposited in the cabinet of the 

State University. A full series of the best of such specimens as more particu- 

larly exemplify the economic geology of the State shall be deposited in the 

cabinet of the State Agricultural College. All other specimens shall be dis- 

tributed to the cabinets of all other organized institutions of learning in the 

State, giving preference to the State University, the State Agricultural College, 

and the Medical College at Keokuk. 

Sec. 6. For the purpose of earrying out the provisions of this act the sum of 

six thousand five hundred dollars is hereby annually appropriated for the term of 

two years, out of such moneys in the treasury as are not otherwise appropriated. 

This fund shall be drawn from time to time for the purposes of the survey on 

requisitions sigaed by the State Geologist and approved by the Census Board. 

The salary of the State Geologist shall be two thousand dollars annually and the 

salary of his assistant shall be fixed by the State Geologist in such amounts, not 

exceeding fifteen hundred dollars annually, and for such periods as he may deem 

proper, but which shall not exceed the term of his own appointment. The rate 

of pay of all other persons employed by the State Geologist shall be fixed by 

him, but shall not exceed the usual price paid for the kind of labor performed, 

nor in any case shall it exceed four dollars per day. 

Sec. 7. All acts and parts of acts in contravention of the provisions of this 

act are hereby repealed, and all appointments made under the provisions of said 

acts are hereby annulled. 

Src. 8. This act shall take effect and be in force from and after its publication 

in the Iowa State Register and Iowa Homestead, newspapers published at Des 

Moines. 
B. F. GUE, 

President of the Senate. 

ED WRIGHT, 

Speaker of the House of Representatives. 

Approved, March 30th, 1866. 

WM. M. STONE, Governor. 

Under the authority of this act the work was immediately 

commenced and prosecuted with the following general objects 
2 
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in view, namely: to obtain a knowledge of the geological 

structure of the western half of the State and to gather all 

possible information concerning the mineral and other mate- 
rial resources of the whole State, especially the character 

and extent of its coal-field; also to make full observations 

concerning the character of its soils and the physical features 

of the State. Accordingly the years 1866 and 1867 were 

spent mainly in the examination of the southern and middle 

portions of western lowa, the central portion of northern 

Iowa, and a number of counties within the coal-field. 

At the close of the year 1867, a preliminary report of these 

labors was presented to the General Assembly which, together 

with the popular letters: written during the two preceding 

years for the newspapers as required by law, were ordered 

published in pamphlet form, and the continuation of the 

work was provided for by the following act: 

CHAPTER 178. 

AN ACT Providing for the Further Prosecution and Completion of the Geo- 

logical Survey of the State. 

Section 1. Be it enacted by the General Assembly of the State of Iowa, That for 

the purpose of the completion of the geological Survey of the State, the present 

State Geologist be continued in office, and the sum of six thousand and five 

hundred dollars be hereby annually appropriated out of such moneys in the State 

Treasury, as are not otherwise appropriated, until the said Survey is completed 

or until the General Assembly shall order its discontinuance. This appropriation 

shall be drawn from time to time for the purposes of the survey and the pay- 

ment of the salaries of its officers as defined and limited in Chapter 73 of the 

Acts of the Eleventh General Assembly, upon requisitions signed by the State 

Geologist, and vouchers approved by the Census Board and filed with the Auditor 

of State. | 

Src. 2. The State Geologist is hereby required to complete the geological 

survey of the State on or before the first day of January, 1870, and to prepare a 

full and complete report of said survey, accompanied by such maps and drawings 

as may be necessary to illustrate the same and transmit them to the Governor, 

who shall lay a copy of such report before the next General Assembly. 

Src. 3. On or before the first Monday in each year the State Geologist shall 

prepare careful statements of his accounts with the survey for the previous year, 

embodying them in the form of a financial report, and send the same to the 
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Governor together with such vouchers as it may be practicable for him to obtain ; 

and the Governor shall lay the whole before the General Assembly, together with 

the report cf progress of the State Geologist. . 

Src. 4. All acts and parts of acts in contravention of the provisions of this 

act are hereby repealed. 

Sec. 5. This act shall take effect and be in force from and after its publication 

in the Iowa State Register and Evening Statesman, newspapers published at 

Des Moines, 
JOHN SCOTT, 

President of the Senate. 

JOHN RUSSELL, 

Speaker of the House of Representatives, 

Approved, April 8th, 1868. 

SAMUEL MERRILL, Governor.” 

By reference to these legislative acts the readers of this 

report will understand the reason why much matter that 

usually finds a place in reports-of this kind is excluded from 

the present volume, as well as why the work is again discon- 

tinued before its completion. The field-work for the years 

1868 and 1869 was principally confined to northwestern Lowa 

and to a general review of various portions of the State that 

had been before examined. 

The Thirteenth General Assembly failed to make any 

provision for the continuation of the work, but passed the 

following law providing for the publication of this report: 

CHAPTER 111. 

AN ACT Providing for the Publication of the Report of the State Geologist 

and for the Distribution of the same. 

Section 1. Be it enacted by the General Assembly of the State of Iowa, That the 

Census Board be and are hereby authorized to contract with the present State 

Printer for three thousand copies of the report of the State Geologist as now 

presented to this General Assembly ; Provided, the expense shall not exceed ten 

dollars per copy for the first one thousand copies, and four dollars per copy for 

each additional copy. Said report to be equal in every respect, mechanically, to 

Hall’s Geological Report of Iowa, or to the Illinois Geological Reports; the 

engravings, views, maps, diagrams, etc., to be equally as well executed ; and the 
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whole to be bound in two royal octavo volumes; Provided, further, that the said 

State Printer shall in consideration of the copyright of the report, stereotype 

the work, and retain the plates and the engraved stones and electrotypes, and 

supply the State on future orders at five dollars per copy. 

So. 2. The State Geologist shall superintend the publication of said report, 

and be allowed a reasonable compensation therefor, to be fixed by the Census 

Board, and paid out of the fund heretofore appropriated for the prosecution of 

the geological survey, and remaining unexpended. 

Src. 3. That for the purpose of carrying out the provisions of section one of 

this act, there is hereby appropriated out of any moneys in the State treasury, 

not otherwise appropriated, the sum of eighteen thousand dollars, or so much 

thereof as may be necessary. 

Src. 4. That the report, when printed and bound, shall be disposed of as 

follows, to-wit: Two copies to every member of the Thirteenth General 

Assembly, every officer of State, and each Judge of the Supreme Court; one 

copy to each person who was a member of the Eleventh and Twelfth General 

Assemblies[y]; to each officer of the Senate and House, and each regular reporter 

of the Thirteenth General Assembly ; to the office of each county auditor in the 

State; to each incorporated college and scientific institution in the State; to each 

Orphans’ Home and Reform School; and to each person who has furnished 

gratuitous material for publication in the report ; twenty-five copies to the State 

University, the State Agricultural College, the State Geologist, and the State 

Library ; five copies to the Assistant and Chemist of the Survey; two copies each 

to the Institutions for the Deaf and Dumb, and Blind, and both Hospitals for the 

Insane; one hundred copies to be placed in the hands of the Governor and State 

Geologist for distribution to scientific men and learned societies and colleges 

beyond the limits of the State; the remaining copies to be placed in the hands of 

the Secretary of State, and disposed of as the Census Board may direct. 

Sec. 5. That all acts or parts of acts in contravention of the provisions of 

this act, are hereby repealed. 

Src. 6. This act shall take effect and be in force from and after its publication 

in the Daily Iowa State Register, and the Daily Evening Statesman, newspapers 

published at Des Moines, Iowa. 

Approved, April 18, 1870. 

SAMUEL MERRILL, Governor. 

2. POPULAR EXPLANATION. 

Although much*remains to be done before the geology of 

Iowa is fully understood in all its details, yet the labors of 

the survey thus far have resulted in the accumulation of suffi- 

cient material to illustrate the general geology of the whole 

State in an intelligible manner. 
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The scientific reader is able to select from the text such 

matters as are of especial use to him without the necessity of 

any explanation of the principles by which they are deter- 

mined, but considering the fact that only a few years ago 

geology was not made a part of even a liberal education, and 

keeping in view also the further fact that this report is ordered 

by, and intended for the use of the people, it is thought advis- 

able to give a brief popular explanation of its principles in 

this introductory chapter. 

Even if these circumstances did not exist, it is always the 

case, that to draw correct inferences from a writer’s statements 

the reader must have a clear understanding of the theories 

upon which he bases his opinions, and through the medium 

of which he observes his facts. In addition to this it is in- 

tended that the subject-matter of the whole report shall be as 

free as practicable from technical terms, as the law requires, 

and that it shall be so arranged by sub-headings that no one 

will have much difficulty in selecting such matters as he may 

particularly desire, without being obliged to search through 

those portions which may not then be of so immediate im- 

portance. 

Rocks in general may be designated as stratified and un- 

stratified ; or in other words, such as liein more or less regular 

layers and such as present no indication of layers; being 

composed of a more or less granular or crystaline mass 

throughout, and which may usually be broken and wrought 

in one direction as well as another. Of the latter, granite 

may be taken as the type and most common example, while 

of the former, the varieties are very numerous, embracing all 

the common limestones, sandstones, shales, &c. The term 

rock is used by geologists irrespective of the hardness of the 

substance composing it. Thus any regular beds of clay, 

sand, shale, marl, &c., come under the same general designa- 

tion of rocks that limestone, sandstone, and granite do. 

Even coal, since it lies in continuous beds parallel with strata 

that both underlie and overlie it, is itself a stratified rock, 

geologically considered. Of the unstratified rocks, we have 
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none whatever in Iowa except the granite boulders so com- 

monly seen in the drift which almost everywhere covers the 

surface of the State like a mantle, and which forms the soil 

and sub-soil over much the greater part of Iowa. Therefore 

all the rocks of Iowa except these granite strangers are strati- 

fied rocks. | 

All such rocks have received their stratified form by having 

been originally deposited as a precipitate or sediment in 

water, and with rare exceptions they have been deposited in 

the waters of the sea when it occupied that portion of the 

surface of the earth where they are now found, and which has 

since become dry land by the gradual elevation of the conti- 

nent or island mass, as the case may be, above the level of 

the sea. In other words, the majority of stratified rocks are 

of marine origin, the sediment subsequent to its deposition 

having become more or less hardened. All the rock forma- 

tions of Iowa are stratified, and all are of marine origin, 

having been deposited in seas that gradually and successively 

receded to the southward and westward, as the continent was 

evolved, leaving their own consolidated and stratified sedi- 

ment to form the foundations of what is now the State of 

Towa. 

The periodical changes in the character of these successive 

deposits, together with the characteristic remains of life that 

existed during the slow deposition of each, now afford us 

the material, by the classification of which we are able to 

construct a consecutive history, not only of the order in which 

the different rock formations were deposited, but also of the 

order in which the forms of life themselves were successively 

introduced and which characterized each epoch of time that 

each formation represents. These formations are composed 

of assemblages of strata which have characteristics in com- 

mon and extend over very large areas like broad sheets as it 

were, lying the one above the other, the edges of each receding 

the one from the other at a greater or less angle of dip, so 

that although the greater part of every formation is out of 

reach beneath others, we have the opportunity at some point 
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or other of finding exposures of each one at the surface. In 

Iowa the order of superposition of the different formations is 

comparatively simple because no great disturbance of the 

strata has taken place here to cause confusion in their identi- 

fication, as has been the case in some other, particularly in 

mountainous regions. 

Nearly all stratified rocks, as before intimated, are found 

to contain the fossil remains of various kinds of animal and 

vegetable forms, These in our rocks are principally shells 

and corals of many kinds, and in some of them plants also, 

all of which existed while the sediment was accumulating, of 

which the rock that imbeds them was formed. 

By the study of the fossil remains of all these formations 

the geologist finds that certain formations or assemblages of 

Strata are characterized by certain fossils peculiar to them 

alone, and by which he is able to recognize the same wherever 

they may be found, even if the character of the rock itself is 

wholly different at different points. The order of one above 

the other and relative position of formations thus character- 

ized is never reversed; never changed. Consequently, if but 

a single formation is found exposed anywhere, its proper 

position in the great scale of formations is as well known as 

if all the others were exposed to view in contact with it, and 

in their regular order. It is this that gives collections of 

fossils their great value, for without the information they 

thus afford, they would possess no more real.value than the 

broken shells upon the shores of existing seas; and without 

that information, which we derive from that source alone, 

geology as a science could not exist. | 

The strata thus studied are, in consequence of certain char- 

acteristics possessed in common by a greater or less number 

of contiguous ones, divided into formations. A greater or 

less number of these contiguous formations constitute groups, 

and a greater or less number of these groups constitute sys- 

tems, which are named in the order of their relative age. 

These systems, beginning with the oldest and geologically 

the lowest, are the Azoic, Lower Silurian, Upper Silurian, 
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Devonian, Carboniferous, etc., etc. The accompanying ideal 

vertical section of the earth’s crust, copied from Dana’s 

Manual of Geology, presents each of these with their subdi- 

visions in their recognized order from the lowest or oldest 

known fossiliferous rocks to the present time. At the com- 

mencement of the chapter on General Geology is another 

similar section of all the rocks of lowa. By comparing the 

two, one may readily ascertain the place in the general geo- 

logical scale to which any of our lowa formations belong. 
None of the strata of our State now he in a perfectly 

horizontal position, although that was the position in which 

they were originally deposited. If they were all now per- 

fectly horizontal or parallel with the general surface we could 

see only the uppermost one, except in cases where the river 

valleys had cut through that into others. But by a change 

in their level, which subsequently took place, or which was 

progressing slowly during the time of their deposition, they 

have been so elevated that they are not only much above the 

level of the sea in which they were deposited, but their edges 

are slightly upturned, so that they come to the surface suc- 

cessively, and may be seen in their regular order as one goes 

from the southwestern to the northeastern corner of the State. 

In the latter region are found the oldest of these formations, 

which are geologically the lowest although they occupy a 

higher actual level than the others thus passed over. It will 

thus be seen that the position of any geological formation 

beneath the surface has no necessary relation to, or coinci- 

dence with the outline of that surface. For example the 

surface of a region may be very much cut and broken by 

river valleys, and yet all the underlying strata occupy per- 

fectly uniform and parallel planes. Again, of the rocks 

successively exposed along the valley of the Mississippi, 

those in Allamakee and Clayton counties are the lowest, 

geologically, although by actual level, the highest; and as 

one goes down the Mississippi river he goes wp in the geo- 

logical scale. 

Through the kindness of Dr. Mark Ranney, Superintendent 
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of the State Hospital for the Insane, at Mt. Pleasant, who 

_ presented a series of carefully preserved specimens of the 
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of the State Hospital for the Insane, at Mt. Pleasant, who 

presented a series of carefully preserved specimens of the 

borings of their artesian well, the knowledge we had before 

obtained of the order of superposition of the formations was 

very satisfactorily corroborated. An examination of these 

enabled us to identify by their lithological characters, the 

formations which the drill passed through, because we were 

previously acquainted with the character of those formations, 

by having studied them as they successively make their 

appearance tothe northward. The record of that boring says 

that the drill passed through no coal. This could have been 

predicted, because the work was commenced upon the surface 

occupied by the sub-carboniferous limestone, which of course 

underlies the coal bearing formations, as its name implies. 

If they had commenced the boring in Jefferson, the next 

county to the westward, they would doubtless have passed 

through at least a portion of the coal measure strata before 

the drill reached the limestone formation upon which they 

began to bore in Henry county. 

From what has thus far been said, it will be seen that the 

general dip of all the formations of the State is to the south- 

ward and westward, but more nearly in the former direction. 

This general dip is so slight that it is never perceptible to the 

eye, and any dip of lowa strata that is so perceptible, may 

be regarded as a local dip only, and will be found to change 

within a short distance. This general dip of all the forma- 

tions to the southward and westward has one exception, 

namely, the Cretaceous strata. These occupy a considera- 

ble portion of northwestern lowa, and have a general dip to 

the north of westward, but it is a very slight one. 

These remarks apply thus far to the stratified rocks only 

' which form the foundation, so to speak, of the State, but 

which are very generally covered from sight beneath the soil 

and subsoil. Geologists are almost entirely agreed in the 

opinion that after all the stratified rocks had been formed, 

there was a time when the whole northern hemisphere as far 
By 
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south at least as the Ohio river in our own country, was cov- 

ered thickly with ice, as a large part of Greenland is at the 

present time. ‘The ice is believed to have existed as an almost 

continuous glacier, which moved with an infinitely slow but 

constant motion to the southward, grinding up in its passage 

the surface portions of the formations upon which it rested 

and over which it moved, into the fine material that now con- 

stitutes the soil and subsoil, and which accumulation was left 

by the receding ice to cover those formations like a mantle. 

The granite boulders and pebbles so,common in the surface 

deposits in all parts of the State, were brought down from 

the north by the same means and at the same time. ‘This is 

known from the fact that granite exists in regular ledges at 

the surface in Minnesota, and does not so exist in lowa. This 

mantle-like surface deposit, which everywhere covers the 

formations of stratified rocks except where they have since 

been exposed by the wearing away of it by the streams, com- 

posed of sand, clay, gravel, and boulders, in a heterogeneous 

mixture, is called ‘‘ drift” by geologists, and the same desig- 

nation is used for it throughout this report. 

The accompanying map-model of Lowa will, in a good 

degree, illustrate the geological structure of the State in ac- 

cordance with the principles thus far explained. It is not 

claimed that this model gives all the accurate details of the 

geological formations of Iowa. It is only intended to show 

at a glance the relations of the important formations to each 

other, and the relative extent of surface occupied by each. 

The geological map accompanying this report will show the 

details more fully. IJfit were possible to strip off completely 

from the whole State its mantle of drift, the stratified rock- 

formations which form its foundations would present an 

appearance in relation to each other, such as is represented 

by the different sheets in the map-model. The illustration 

would be still more complete if a separate sheet was devoted 

to each one of the formations that occur in the State, but this 

would make the model too bulky for introduction into the 

volume. However, as the principal object now sought to be 
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accomplished is one of general illustration, it is thought that 

the present form of the model will be quite sufficient. It will 

be observed, therefore, that. the sheets composing it are not of 

equal value, some representing whole systems, so far as they 

occur in Iowa, while others represent formations only. The 

title imprinted om each sheet will still further explain their 

relative representative value. For further illustration of the 

same subject, the reader is referred to the section further on, 

under the head of “Classification of Iowa Rocks.” Lest 

some should fail to gather a clear idea of the intent of the 

model, the following detailed explanation is given: 

The first sheet, the complete one, represents the whole lower 

Silurian system with its six formations mentioned in the table 

further on. The whole six of these formations, it will be seen, 

occupy only a small portion of the surface of the State, coming 

to the surface only in its northeastern corner; but they may 

with strict propriety be regarded as extending under all the 

other formations beneath the whole State, at a gradually 

increasing depth to the southwestward, as that sheet extends 

beneath all the other sheets in the model. Next comes the 

sheet that represents all there 1s in lowa of the Upper Silu- 

rian System, which, by the way, is but a single formation 

here, although the system contains many other formations 

elsewhere. This single formation is the Niagara limestone 

and it rests directly upon the uppermost formation of the 

Lower Silurian System. The Upper Silurian, as will readily 

be seen, does not extend so far to the northeastward as the 

Lower Silurian does, but is bounded by it in that direction 

on one side and on the opposite side by the Devonian. This 

refers only to the surface it occupies, for it doubtless extends 

beneath all the other formations of later age in the State, 
which are represented as resting upon it by the following 

sheets in the model. The Devonian System in Iowa, like the 

Upper Silurian System here also, is represented by only a 

single formation, which is known as the Hamilton; yet the 

system elsewhere contains several others as will be seen by 

reference to the general section on a previous page. 
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Thus far each of the great systems in the geological scale 
are represented in the model by only a single sheet, but for 
the purpose of illustrating the relations of the coal-bearing 
formations to those which immediately underlie and overlie 
them, but which belong to the same system with them, (the 
Carboniferous) each of the other sheets is made to represent 
subdivisions of systems. Thus the one which rests upon the 
Devonian represents the sub-carboniferous group of forma- 
tions, which in Iowa are four in number. This sub-carbo- 
niferous group of formations, although it belongs to the 

Carboniferous System, contains no coal, that being nearly all 

contained in the Lower and Middle coal-measures, both of 

which are represented by the single sheet which rests upon 

that which represents the sub-carboniferous. This sheet is 

seen to pass beneath another to the southwestward, which 

represents the Upper or barren coal measures. This last 

named formation is often styled the unproductive coal mea- 

sures, and generally with great propriety; yet in Iowa the 

formation contains one rather unimportant bed of coal which 

appears at various points along the valley of the Nodaway 

river. : 
This arrangement of sheets in the model explains very 

clearly why we may expect to find coal by deep mining in 

southwestern lowa, and why it is useless to look for it in the 

northwestern and other parts of the State. Finally the last 

sheet of the series represents all there is of the Cretaceous 

formations to be found in Iowa. These are the latest formed 

strata in the State, (the surface deposits of course not being 

included in this statement), but 1t will be seen by reference to 

the general section before referred to, that even they are very 

ancient compared with other formations found elsewhere in 

the world, and even farther west in our own country. 

Following these explanations of the general principles of 

geology and of the geological structure of our State, it seems 

proper also to make further explanation of matters, concern- 

ing which many citizens have questioned every person 

connected with the survey. 
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After the explanation of the northern origin of the drift 

that has just been given, it need not excite any surprise to find 

in it various kinds of materials that did not originate where 

they are found. Itis not unfrequently the case, however, that 

certain unusual substances are found in it which excite more 

than ordinary curiosity and interest. Such for example as 

lumps of copper, fragments of lead ore, wood, lumps of coal, 

and in rare instances also traces of gold. The occurrence of 

these substances in the drift in no case indicates an exception 

to the northern origin of much of the drift materials, for 

we have evidence that the glacier currents were seldom if ever 

directly south, but that they were variously deflected from 

that direction. Thus it is proper to infer that the lumps of 

copper might easily have come from the copper-region of 

Lake Superior; the fragments of lead-ore from the Dubuque 

lead region; the traces of gold from the northern part of Min- 

nesota; the wood from forests which were growing when the 

glacial epoch commenced, and those lumps of coal which are 

found in the drift to the northward of the borders of the coa!- 

field, doubtless came from a thin bed of impure coal that is 

known to exist in the Cretaceous strata of southwestern Min- 

nesota. Itis then almost needless to say, that the presence 

in the drift of such isolated lumps of coal is no indication at 

all of the existence of regular beds of that substance in the 

same vicinity, any more than the lumps of copper indicate 

valuable deposits of that metal, or than the granite boulders 

indicate the existence of regular ledges of granite where they 

are found in the drift. 

People throughout the State have very often asked the fol- 

lowing questions, by letter and otherwise: What relative 

position do beds of coal hold to limestone, sandstone, or 

other strata? What is “coal blossom?” or, what is a sure 

indication of the presence of coal beneath the surface? The 

terms ‘‘coal blossom” and ‘‘ oil blossom” are not used by 

geologists, nor by any one else having correct scientific know- 

ledge and a proper regard for the English language, but those 

who do use such terms, appear to mean the presence of 
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per-oxide of iron, or simple iron-rust held in suspension in the 

water of springy places, and which impregnates the wet earth 

around the place where the water issues. ‘So far as the pre- 

sence of this substance is concerned, it amounts only to this: 

the strata associated with beds of coal, and also the coal 

itself, almost invariably contains mere or less iron, which 

becoming oxidized, passes out with the water and is deposi- 

ted upon the surface, where, from its conspicuous appearance, 

it always attracts much attention. While this appearance of 

iron is almost invariably present with coal and its associated 

strata, it 1s equally true that very many other strata which 

have no possible connection with beds of coal, also contain 

iron in similar form and in as great abundance; and it also 

produces the same appearance at the surface which that of the 

coal strata does. 

The popular belief that the presence of any particular 

substance upon or near the surface, invariably indicates the 

presence of a bed of coal beneath, or associated with it, is 

erroneous. As to the relative position of coal-beds with 

other strata, the rule is that a bed of clay, commonly called 

fire-clay, underlies each bed of coal; and a bed of shale, 

popularly called soapstone, overlies it. Sometimes, however, 

sandstone and even limestone, have been found overlying or 

underlying a bed of coal with no other strata intervening. 

The rule mentioned is generally applicable to all coal-fields, 

both in this country and elsewhere, but if one should expect 

to find, farther than this, the same order of strata in different 

coal-fields he will be mistaken, for they follow no more definite 

order in this respect than the different strata of other forma- 

tions do. To know the number and character of the beds of 

coal in any coal-field, as well as of the different strata associ- 

ated with them, one must study the regien itself ; for, with the 

exception of obtaining a knowledge of some mere general 

principles—and, by the way, many fail to obtain even this 

before they are ready to offer their opinions for pay—all his 

experience in other coal-fields will avail him nothing. 

We have found many persons holding the belief, that coal 
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is never found beneath limestone. It may be found either 

above or beneath it, yet there is very little limestone, and 

that quite impure, in the productive coal-measures of Lowa; 

but, as will be seen by referring to the map-model before 

described, a formation composed principally of limestone 

(sub-carboniferous) underlies the productive coal-measures 

(the Lower and Middle) and another, also principally of 

limestone (the Upper coal-measures) overlies those coal-bear- 

ing formations. Beneath the first named limestone formation 

it is of course useless to search for coal, as that formation is 

already beneath all the coal-bearing strata, while we may 

reasonable expect to reach those last named strata if we 

pierce the upper formation of limestone represented in the 

map-model by the sheet marked ‘‘ Upper Coal-Measures.” 

As before remarked, there are, strictly speaking, no surface 

indications that absolutely prove the presence of coal beneath 

any given spot, but since coal-beds are known to have very 

considerable extent beneath the surface, and to lie in a nearly 

uniform plane, irrespective of the inequalities of the surface, 

one may in certain cases make very accurate determinations 

as to its presence and position beneath the surface before 

digging down to it. This is not accomplished by observing 

any occult “‘signs,” ‘‘indications,” or ‘‘ blossoms,” but by 

legitimate deductions from facts personally known. Thus, if 

a bed of coal is known to crop out on one side of a valley, 

and the strata associated with it are known to be level or 

nearly so, we may expect to find the same bed at about 

the same level upon the other side. If a similar exposure 

should be found in another valley a few miles distant, it is 

reasonable to infer, that the whole space between the two 

valleys is underlaid by the same continuous bed of coal, and 

that it may be reached from the surface at a depth which 

may be calculated with considerable accuracy. Besides this, 

it will be seen from what has before been explained, that by 

a careful study of all the rocks of any given region the 

geologist may determine the limits of any formation, and if 

it is a coal-bearing one, he is able to indicate a line upon the 
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map, at least approximately, and assure others that beyond 

this line it is useless to explore for coal, while within it there 

is reasonable hope of finding it. 

Again; itis a very common belief that the number of sep- 

arate beds of coal in every coal region is limited to three. 

This is also an error. There may in any region be no more 

than one bed of coal, or even none, although true coal- 

measure strata are present; or, there may be any unlimited 

number of separate beds of coal. For example, near the 

border of the coal-field, where of course the whole formation 

is thinning out, it is very commonly the case that there is but 

a single bed of coal existing, even if there be any at all, 

while farther within the borders there may be several distinct 

beds overlying each other with other strata between them. 

With the yet incomplete examination of the coal-field of 

Iowa, we have identified no less than seven or eight different 

beds of coal, but we have never found more than two or three 

of them in the same valley-side or bluff exposure. Explora- 

tions have not yet progressed far enough to determine how 

many of them actually overlie each other at any one given 

point. This must be demonstrated by future enterprise. 
Without wishing to make disparaging reference to any 

one, it is nevertheless considered a duty to caution the public 

against a class of persons who go about the country claim- 

ing to possess great knowledge upon all mining matters, 

usually giving out that they are ‘*‘old miners,” when if they 

were really good miners they would have little occasion to 

bring reproach upon their calling by playing the vagabond. 

Their object is invariably fraud, as has been too often 

demonstrated to those who have trusted in them. It is easy 

for every one to learn who is reliable and worthy of confi- 

dence, if they will use only the ordinary caution they are 

accustomed to use in other matters. 

We will close these remarks upon popular errors and 

illusions, by referring to the fact that whenever we have found 

a man entertaining extravagant hopes of discovering mineral 

wealth upon his own land, or upon land he expected to buy, 
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a brief inquiry into his personal history would invariably 

reveal the fact, that he had previously suffered pecuniary 

disaster, and that he was indulging a morbid hope of retriev- 

ing his fortunes by the discovery of mineral resources of 

ereat value. 

3. CLASSIFICATION OF IOWA ROCKS. 

Every student of Natural Science will fully appreciate the 

necessity of employing names for the objects he studies 

that shall be entirely unequivocal in their meaning. But 

owing to the ever varying characters and groupings of the 

strata of the earth’s crust, there seems to be a constant ten- 

dency on the part of geologists, unless vigilantly guarded 

against, to fall into a loose manner of naming them. For 

example: the words epoch, period, age, group, formation, etc., 

are, even by geologists, not unfrequently used in their general 

sense rather than as names having an invariable meaning. 

The condition of our language requires that for purposes of 

scientific nomenclature we should employ names already in 

common use, but the necessities of science require that we 

should specialize those names for this purpose as far as pos- 

sible, holding them strictly to one definite signification and 

no other. Jam well aware of the difficulty of establishing a 

strict and uniform classification of the stratified rocks of any 

region, but with the view of avoiding a loose or indefinite use 

of terms, in designating certain of the assemblages of strata 

of our Iowa and other rocks, I have decided to adopt in this 

report the following classification, This classification is fol- 

lowed throughout the volume and an effort is made at all 

times to designate the same object by the same name, and 

to express the same idea by the same word or sentence. 

The term “formation” is restricted to such assemblages of 

strata as have been formed within a geological epoch; the 

term ‘‘ group,” to such natural groups of formations as were 

each formed within a geological, period; and the term 

“system,” to such series of groups as were each formed 

within a geological age. This arrangement has at least the 
4 
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merit of uniformity, and, so far at least as the Paleozoic 

rocks of Iowa are concerned, it.seems to answer the purpose 

well. 

The terms used in this arrangement may be referred to 

two categories, one applicable to geological objects and the 

other applicable to geological time, thus: 

TIME: 

Epochs constitute Periods, periods constitute Ages. 

OBJECTS: 

Formations constitute Growps, groups constitute Systems. 

The changes made in accordance with this arrangement in 

the classification of the rocks of Iowa hitherto used, will be 

pointed out in the course of the descriptions contained in the 

chapter on General Geology; and may also be seen in the 

following table which has been constructed to show at a 

glance the classification proposed: 

A TABLE 

Showing the Classification of Iowa Rocks, 

| «approxi- 
SYSTEMS. GROUPS. FORMATIONS, mate 
(Ages. ) (Periods. ) (Hpochs.) thickness 

| in feet. 

Post-Tertiary Drift 
{ \inoceramus beds...) 25. 2k 50 

Cretaceous ....... Lower Cretaceous . ~ |\Woodbury sandstone and shales 130 
{ |Nishoabotany sandstone...... 100 

( |Upper coal measures ......... 200 
(|Coat Measures . ..~ |Middie coal measures........ 200 
| q | |Lower coal measures ........ 200 

Carboniferous... < [ St. Louis limestone....... ee 75 
| : ni Keokuk Mimesvone secant. 90 
iq Sub-carboniferous. 1 Burlington limestone..... ... 190 

_|Kinderhook beds.... « RA Soh 175 
Devonian. ..... ..|Hamiltom ....... ..|Hamilton shales and limestone. 200 
Upper Silurian...|Niagara........... Niagara limestome:2 hee 300 

| Cincinnati. ........ Maquoketa ishalesss-.) cn -nae- 80 
7 { |Galena limestone....... ee 250 

Lower Silurian . % TIO 9 ; Trentontlimestone se. aac eeee 200 
| ist. Peters samdstome) S262 | 80 
Weremoraig not)... ‘Lower Magnesian limestone .. 250 

Potsdam) simdstome: gece. | 300 
AL OUEI Es at ee elas FLUO (2\icis a =o): MOUS CHEMIE. Sa6 5656 S55 5c 50* 

Estimated total thickness of all Iowa strata .........0.0.0e0000- 3170 

*'This is the thickness exposed in Iowa, only. 
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It is proper also in this connection, to state the views enter- 

tained by the writer concerning the post-tertiary deposits of 

lowa, in order that the descriptions and references contained 
in the following pages may be more clearly understood. 

These deposits are the Drift, Bluff and Alluvium, all of which 

are separately described in subsequent pages, under the head 

of Surface Deposits. For all three of these deposits only two 

well defined epochs of the post-tertiary period are recognized 

in Iowa, namely, the Drift or Glacial epoch, and the Terrace 

epoch. The drift alone is referred to the former, and all 

subsequent deposits, and all modification of surface deposits, 

to the latter. Possibly a portion of the accumulations and 

modifications of the earlier part of the Terrace epoch, as 

recognized here, might with propriety be referred to the 

Champlain epoch of other geologists, but it is believed that 

all of them are of a different character from those phenomena 

nearer the sea-coasts that are relied upon for a recognition of 

the Champlain epoch. However this may be, it is believed 

that the phenomena to be observed in Jowa and the surround- 

ing portions of the hydrographic basin of the Mississippi, 

exhibit a general and unbroken succession of changes, result- 

ing principally, if not entirely, from causes that have been in 

operation ever since the disappearance of the glaciers. 

Farther than this, and also in accordance with the same 

views, none of the phenomena observed in this whole region, 

which are referable to the post-Tertiary period, are believed 

to afford indications that any elevation or subsidence of the 
surface has taken place during that period, nor since its com- 

mencement. The only phenomena regarded by others as indi- 

cating such past changes of level, appear to be the river ter- 

races on the one hand, and the so-called deep old channels of 

rivers on the other; but these, in the first case, are all believed 

to consist of abandoned flood-plains or portions of them, which 

have been left by the streams as they have deepened their val- 

leys by their own erosion alone, unaccelerated by an elevation 

of the surface over which they flowed. Inthe second case the as- 

sociated phenomena do not appear to indicate that the neces- 

sary subsidence has formerly taken place to have by thatmeans 

produced the erosion of river channels to the depth claimed. 
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CHAPTER 1 

SURFACE FEATURES. 

1. BOUNDARIES AND AREA. 

In consequence of the generally uniform character of the 

surface of the region. which comprises the upper portion of 

the great hydrographical basin of the Mississippi, its linear 

surveys have been made with great facility, and were further 

greatly simplified by the peculiar system adopted by the 

general government when the surveys were ordered. ‘The 

system is well explained in an appendix to this volume by 

C. W. Irish, Esq., and frequent reference is made to it 

throughout the text, because these linear surveys were con- 

stantly used as a basis for geological observation. This 

system has given rise to a general prevalence of rectangular 

boundaries of all the subdivisions of land extending from 

the nearly uniformly mile-square sections, up through the 

townships and counties, and has produced more or less 

rectangular outlines of the States also. The latter, however, 

have always some portions of their boundaries modified or 

determined by natural features, such as rivers, lakes, etc. 

The State of lowa has an outline figure nearly approach- 

ing that of a rectangular parallelogram, the northern and 

southern boundaries being nearly due east and west lines, 

and its eastern and western boundaries determined by 
28 
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southerly flowing rivers—the Mississippi on the east and the 

Missouri, together with its tributary, the Big Sioux, on the 

west. The northern boundary is upon the parallel of 43 

degrees, 30 minutes, and the southern is approximately upon 
that of 40 degrees, 36 minutes. The distance from the north- 

ern to the southern boundary, excluding the small prominent 

angle at the southeast corner, is a little more than two hundred 

miles; and the extreme width from east to west is upward of 

three hundred miles. Owing to the irregularity of the river 

boundaries, however, the number of square miles does not 

reach that of the multiple of these numbers, but according to 

a statistical report of the Secretary of the Treasury to the 

United States Senate, March 12th, 1863, the State of lowa 

contains 35,228,200 acres, or 55,044 square miles. 

2, GENERAL TOPOGRAPHY. 

No complete topographical survey of the State of Iowa 

has yet been made, and no appropriation yet devoted to its 

geological work would warrant its undertaking. Therefore, 

all the knowledge we yet have upon the subject has been 

derived from incidental observations of the geological corps, 

from the published results of barometrical observations by 

various persons in the employ of the general government, 

and by levelings done by the engineer corps of the various 

railroads within the State. By the use of data obtained 

from these sources we attempt to give a general outline only, 

of the topography of the State. We even omit here much 

information that we possess concerning its details, a large 

part of which, however, will be found under the heads of 

Rivers, Lakes, Surface Deposits, etc. Railroads have already 

become so numerous in lowa, that we are able to derive from 

their levelings alone a very correct general knowledge of the 

topography of our Commonwealth. Fortunately for the 

Geological Survey, the chief engineers and other officers of 

these roads have cheerfully and gratuitously furnished all 

desired data for this purpose, in the form of lists of the 

elevation of points along their respective lines. All these 
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lists will be found in an appendix to this volume, each under 

the name of its author. From these and other data Mr. W. R. 

Morley has constructed for this report the following table, 

showing the elevation of some of the principal points in the 

State, and another on a following page showing the slope of 

the principal rivers. From the same data, he has also com- 

piled material for the accompanying diagrams which show 

five profiles of the surface of the State, on lines running from 

east to west across it. These tables and diagrams together 

will alone serve to give a good general idea of the topo- 

eraphy of Iowa, but for more information concerning its 

details the reader is referred to the tables in the appendix in ~ 

addition to the following descriptions: 

A TABLE 

Showing the elevation of some of the principal points in the State above low-water 

in the Mississippi river,. at Keokuk, Iowa. 

LOCALITIES.. Aas AUTHORITY. 
TION 

Ames’ station, railroad track at depot .......... 50u tt.) Railroad levels. 
Burlingtoa, low water ia the Mississippi........ 42 ft.| Railroad levels. 
Ocdar mapids, railway depot ........ SS NS ol 261 —‘ft./tailroad levels. 
Pipa RopsstatiOmee atch. cllektscis seeks aches nee 993 ft | nailroad levels. 
Unutou, railway bridge across the Mississippi . | 143 ft.| Railroad levels. 
Corner of the State, uortheast, low water ia the| 

IMEISSUSSID Pilea totes c: Weidarcueravay's orwicds wcehonc (Ree eee 216 ft.|Ks imated from slopes. 
Coruer of the State, northwest, low Water in ; 

IE OMIS (OU -aa Pa em Mer Le) AP pe mROap Ue Dene 8 to lo) 900 ft,|Hstimated from slopes. 
Coruer of the State, southwest, low water in 

VETS SOMME AS Sie iate )Gtstee Ae: Wake een, 0's Sebo Rieu eens 510  ft.| Estimated from slopes. 
Council Bluffs, low water in the Missouri....... 550 ~~ ft.| Railroad levels, 
CrescomraliFond SuaulOM:. . (Sic cc. saw ene pee ern ~6836 tt. pRailroad levels. 
Davenport, low water in the Mississippi ol See 84  ft.; Railroad levels. 
Des Momes, railroad Station’...:..... <aien secs 301 ft | Railroad levels. 
Hagyvilemratrodd statiom (2.2.5), ese. eee « 234 = ft.) Railroad levels. 
Fort Dodge, water in Des Moines river ........ 556 ft./ Railroad levels. 
lowa City, top of northeast corner stone of the 

middie building of the State University...... 22014 ft.| Railroad levels. 
Iowa Falls, water in the river at the railroad 

UD IGECUE ES Mansbep tect Ae eaeba seo cide) aerators cone, slic fare Gh ceenMteeee | 626 ft.| Railroad levels. 
McGregor, low water in the Mississippi........ 178 ft. Nicollet. 
Mt. Pleasaut, railroad track at the station ...... 262 ~—sft.|nailroad levels. 
Highlaud, railroad track at the station.......... 836 ft.| Ktailroad levels. 
Jnashua, railroad track at the station .......... 549 ft.) Railroad levels. 
Oskaloosa, railroad track at the station......... 380 = ft.| Railroad levels. 
Sioux City, railroad track at the statiou...... ..{ 669  ft.|Raitroad levels. 
Waverly, railroad track at the station ......... | 516 ft.| Railroad levels. 
Spirit Lake, high ground near the Jake, proba-| 

bly the h. ‘ghext ground ia the State .... ..... {1250 ft.| Estimated from slopes. 
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It will be readily understood that profiles on so small a 

scale as that upon which these are drawn upon the accompa- 

nying sheet can do no more than to give an approximate 

outline of the surface, which indeed is all that they are 

intended to do. The difficulty also of constructing such 

profiles from the independent notes of so many different 

persons will be understood. Mr. Morley says, in explana- 

tion of his work: 

“Ta preparing these profiles, I have used as far as practicable the elevations 

just as they were givea by the dificvreat railroad surveys, but in some cases I 

have been obliged to depeud upon other data. Much of this was furuished by 

yourself and Prof. St. Johu, and the remainder was calculated from the known 

slopes of rivers and watersheds. The elevations west of the Great Watershed 

which were furnished by the railroad eogiueers, for the most part run dowa some 

river valley instead of keeping on a direct line across the State. ‘Lo follow these 

would not give a correct idea of the general elevations of the summits between 

the streams, I have, therefore, been obliged, to some extent, to use other data in 

determining general elevations of the surface in such cases. 

In profile No. 1, a part of the elevations are from railroad surveys, but the 

greater part are from data furuished by the Geological Survey, and by estimates 

irom kuowa river slopes. There are, however,,euough accurately kuown eleva- 

tions to insure a fair degree of accuracy along the whole line. 

In profile No. 2,,we had a continuous line of levels from Dubuque to Sioux 

City, furnished by Mr. J. #. Ainsworth, and also another line irom Fort Dodge to 

Sioux Uity by a differeut route, furuished by L. Buractt. Use has been made of 

both of these, and. the whole profile is constructed from them except that portion 

of it between the Floyd and Big Sioux rivers.. This part of the line was,.as in 

the case of the others also, produced directly westward from Floyd river instead 

of following down its valley to Sioux City. 

In protile No. 3, the elevations are obtained from surveys made by the Cedar 

Rapids aud Couucil Bhitis Railroad Company (nuw the Chicago and North- 

western.) These elevations are those of the located line of that compa.sy from 

Clinton to the Boyer river, where instead of following dowa its valley as the 

road now does, the profile is continued directly westward to the Missouri river. 

I was enabled to do this by the aid of notes of a former survey made by Mr. U 

W. Irish in the interest of the same company. 

Protile No. 4, was constructed from Davenport to Cass county from notes 

furnished by the Chief Engineer of the Chicago, Rock Islaud, aud Pacific Rail- 

road. In Cass county, the road bends much to the northward, aud again, soon 

after, almost directly southwestward, but the profile is coutinued directiy west- 

ward in order to show the contour of the country along a line running across the 

streams nearly at right angles with their course. That portion of the profile 
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westward from Cass county was constructed from data furnished from the Geo- 

logical Survey notes, and by estimating the elevations from known slopes of 

rivers and watersheds. 

Profile No. 5. ‘the elevations on the line of this profile from Burlington to 

Highland in Union couuty, (the highest point on the line between the two great 

rivers) are those of the Burlington and Missouri River Railroad. Westward 

from Highland, there being a discrepancy of from fifty to seventy feet between 

the elevatious as given by that railroad and those obtained from other sources, 

and which may be connected with the same terminus, the elevations given in the 

profile are somewhat raised to correspond with those other data, ail of which 

point to higher elevations than those of that part of the Burlington aud Missouri 

River Railroad levelings. 

Regarding other work, with the data furnished by the railroad engineers and 

obtained from other sources, there has been some difficulty in correcting the 

levels and reducing them all to the same datum, owiug to the fact that iu the 

majority of cases where two different lines intersect, but oue gives the elevation 

of that particular point, thereby re.dering it somewhat difficult to determine the 

exact difference of data. In some cases, however, both liues have given their 

elevations at the point of intersection. Ja such cases the results are geuerally 

satisfactory. We have Nicollet’s elevations along the Mississippi river with 

which we are able to compare the lines of railroad leveliugs at their outset, aud 

where it has been possible to test the accuracy of his determiuations, the error, if 

any, has generally beea found to be small. 

The differences from a true level in the various lines of railroads across the 

State seem to be cumulative towards the west; or, in other words, the farther 

they are extended in that direction from their starting point, the greater the error 

from a true level; so that we may expect greater error in the elevatious as given 

in the vicinity of the Missouri river than in those nearer the Mississippi. Whea 

authorities differ as to the elevation of any point, if the diffvreuce is shght I have 

taken the mean. lf the differences were cousiderable I have adoptcd those 

which seemed most authentic aud fully corroborated. Ou the whole, however, 

the elevations given have all a degree of accuracy that reflects great credit upon 

all the engineers concerned ia their determiuation, and the results will give a 

good general idea of the topography of the State.” 

Since, with few exceptions, the different railroad levelings 

show the actual position of the road-bed, and since those 

roads necessarily follow the valleys of streams as far as 

practicable, for the purpose of securing an easy grade, 

profiles drawn from their data alone would not present an 

outline exactly corresponding to the general contour of 

surface along independent lines across the State. Therefore 

a dotted line has been added to each of those profiles for the 
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purpose of indicating more correctly, the general contour of 

surface. 

It will of course be borne in mind, that diagram profiles of 

this kind cannot be drawn so as to show the natural propor- 

tion of the distance to the height, because the actual height 

of the highest elevations of any region bears so small a pro- 

portion to the distance across it. Therefore due allowance 

must be made for the great apparent inequality of surface, as 

shown in the diagrams, necessarily consequent upon repre- 

senting the distance upon a much more reduced scale than 

the height. 

Taking into view the facts that the highest point in the 

State is but a little more than twelve hundred feet above the 

lowest point; that these two points are nearly three hundred 

miles apart, and that the whole State 1s traversed by gently 

flowing rivers, it will be seen that in reality the State of lowa 

rests wholly within, and comprises a part of, a vast plain 

with no mountain or hill-ranges within its borders. 

Perhaps a still clearer idea of the great uniformity of the 

surface of the State, may be obtained from a statement of the 

general slopes in feet per mile, from point to point in straight 

lines across it. 

The following table of general slopes are approximately 

correct: 7 

TABLE OF SLOPES OF THE GENERAL SURFACE OF THE STATE. 

From the N. E. corner to the S. E. corner of the State....1 foot 1 inch per mile. 

rom ime Ni He corner to Spirit hake... so... ees ee et 5 feet 5 inches per mile. 

Brom the NSW: comnertoiSpirit Lake. s6.. 022s... 6. 5 feet 0 inch per mile. 

From the N. W. corner to the 8. W. corner of the State 2 feet 0 inch per mile. 

From the 8. W. corner of the State to the highest ridge 

between the two great rivers (in Ringgold county) ....4 feet 1 inch per mile. 

From the dividing ridge to the 8. E. coruaer of the State. .5 feet 7 inches per mile. 

From the highest poiat in the State (aear Spirit Lake) to 

the lowest point in the State (at the mouth of Des 

omMeSsRiver re yeni cts 2) afeciel=. « 2x late fehaeanoeme So 5 cho sk A feet 0 inch per mile. 

Thus, if it were possible to reduce the surface of the State 

to a perfect plain, preserving only the general slopes as just 
~ 
-) 



34 PHYSICAL GEOGRAPHY. 

given, the greatest of these would be so slight that it could 

not be distinguished by the eye from a perfect level. It will 

be seen, therefore, that there is a good degree of propriety in 

regarding the whole State as a part of a great plain, the 
lowest point of which within its borders, the south-eastern 

corner of the State, is only 444 feet above the level of the sea. — 

The average height of the whole State above the level of the 

sea is not far from 800 feet, although it is more than a thou- 

sand miles inland from the nearest sea coast. 

The foregoing remarks are of course to be understood as 

applying to the surface of the State as a whole, taking a 

general view of it; but when we come to consider its surface 

features in detail we find a very interesting diversity, and 

even much romantic, beauty in some parts. Nearly all this 

diversity of surface, however, has been produced by the for- 

mation of the valleys out of the general level, as will be 

explained on following pages, under the heads of Rivers and 

Surface Deposits. 

The general level that has just been assumed for the State 

has even now to some degree a real existence, for we are 

usually able to detect in all parts of it a general upper 

level of surface between all the streams, down from which the 

valleys of those streams have been eroded by the action of 

their own waters during the unnumbered years of the Terrace 

epoch. This character of surface is strikingly seen in the 

southern part of the State, where the upper surface, usually 

prairie, often presents to the eye a well marked level line 

upon the horizon as seen in the distance. In the northern 

part of the State, however, the surface has from the begin- 

ning been more undulatory, but this subject will be again 

referred to under the head of Drift Deposit and elsewhere in 

the report. 

It is in the northeastern part of the State that the river 

valleys are deepest; consequently, the country has there 

the greatest diversity of surface, and its physical features are 

most strongly marked. In all parts there is a pleasing 

diversity of surface, which becomes much increased in 
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appearance with the cultivation of the country and the growth 

of trees upon former prairie surfaces. 

3. DRAINAGE SYSTEM. 

Those two great rivers, the Mississippi and Missouri form 

respectively the eastern and western boundaries of the State, 

and receive respectively the eastern and western drainage 

of it. 

The drainage of lowa was very properly divided into two 

_ systems by Prof. Whitney, the one comprising the tributaries 

of the Mississippi, and the other those of the Missouri; those 

of the eastern system running in a southeasterly direction, 

and nearly at right angles with those of the western system, 

which latter most generally run in a southwesterly direction. 

I cannot however agree with Prof. Whitney that the courses 

of these streams were respectively predetermined by a series 

of folds or flexures in the strata, the courses of which coincide 

with those of the streams; for our investigations have satis- 

fied us that such flexures do not exist in such positions. The 

reasons for this opinion may be found in the chapter on 

General Geology, in that on surface deposits, and in the 

long plate of sections accompanying this report. In the first 

of these it is shown that the folds or flexures of strata which 

really do exist have different directions from the courses of 

those streams; andin the second it is shown that the streams, 

particularly those of Western Iowa, have through a large 

part, and in some cases through the whole of their courses, 

eroded their valleys out of the incoherent surface deposits 

alone, and would have run in any other direction just as well 

if a similar slope had been given to the surface they traverse. 

To assume the existence of folds coincident with the courses 

of the streams, it seems necessary to assume also that the 

disturbance which caused them took place immediately upon 

the close of the Glacial epoch, and that the drift surface which 

the waters there rested upon took part in the same folding. 

Of this we have no corroborative evidence, but we have much 
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reason to believe that the surface deposits received their 

positions independently of any folds of the strata, and that 

they have not since been disturbed by folding. It is worthy 
of remark in this connection that the general course of the 

streams of the eastern system—these having more generally 

reached the underlying strata than those of the western sys- 

tem—coincides very nearly with the trend of the outcrop of 

the formations along or upon which they run. Possibly, 

some of these eastern streams received their initial direction 

by longitudinal depression left in the surface of the drift, 

consequent upon the greater or less facility with which they 

were respectively eroded along the lines of their outcrop 
during the Drift epoch. 

The eastern drainage system comprises not far from two- 

thirds of the entire surface of the State, and is more complete 

in itself than the western system, because its rivers are larger 

and have the principal part of their courses within the State; 

while a large part of the area occupied by the western system 

is drained by the upper branches of streams that constitute 

a large part of the drainage system of the State of Missouri. 

An interesting feature of the division of these two systems 

consists in the peculiar character of the Great Watershed, or 

that which divides the drainage between the two great rivers. 

This watershed is formed by the highest land between those 

rivers along the whole length of a line running southward 

from a point.on the northern boundary line of the State near 

Spirit lake, in Dickinson county, to a nearly central point in 

the northern part of Adair county.* : 
From the last named point, this highest ridge of land, 

*Preliminary railroad levelings along the western part of the line of the Chicago 

and Northwestern Railway, show that at a few points along the secondary watershed , 

between Boyer and Soldier rivers, the elevation is actually greater than that of the 

Great Watershed where the railway crosses it, This may have resulted from a greater 

erosion of the Surface Deposits at that point than at others, both along the Great 

Watershed, and along the upper portion of the secondary watershed just hamed; or, it 

may be, that the Bluff Deposit which constitutes that secondary watershed, was origin- 

ally so accumulated, that its surface actually occupied a higher level than the surface 

of the Drift Deposit did further eastward. This subject is again referred to under the 

head of Bluff Deposit in the chapter on Surface Deposits, 
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between the two great rivers, continues southward without 

change of character through Ringgold county into the State 

of Missouri; but southward from that point, in Adair county, 

it is no longer the Great Watershed. From that point 

another and lower ridge* bears off more nearly southeast- 

ward, through the counties of Madison, Clarke, Lucas, and 

Appanoose, and becomes itself the Great Watershed. Thus, 

as one goes westward along the line of the Burlington and 

Missouri River Railroad, or along the southern boundary of 

the State, he passes the Great Watershed long before he 

reaches the highest land between the two great rivers, and at 

points that have more than two hundred and fifty feet less 
elevation. The accompanying diagram, Fig. 1, gives a gen- 

eral view of the drainage system of the state: 

Fia. 1. 

re: | Xora at aw 

=e i 

u 
= 
- 
=) 
a 
< 
< 
= 
ov 
= 
=< 

*The meaning of the word “ridge” as used here should not be misunderstood. The 

ridges which constitute the watersheds of Iowa, are seldom sufficiently elevated above 

the surrounding surface to be distinguished by the eye, and their presence is usually 

recognized only by observing the direction of the drainage, or by actual leveling with 

instruments, 
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The double dotted line indicates the position of the Great 

Watershed, while the single one indicates that of the highest 
ridge of land between the two great rivers where that ridge 

does not constitute the Great Watershed. 

The general surface of the State, as before stated, is gently 

undulatory, and it is mainly the development of its drainage 

systems that has caused it to be so. This fact is beautifully 

illustrated upon the prairies of southern Iowa which have a 

better defined general level than those of other parts of the 

State. As one stands upon those broad prairies and sweeps 

the well-defined, ocean-like horizon with his level, he finds 

the bubble everywhere resting upon the cross-wire, except 

where the distant, dark line of forest foliage reveals the 

presence of a stream; here the original level has been lost by 

erosion. Approaching these slightly depressed regions he 

finds the surface to become undulating, like the smooth 

rolling of a sea; but looking closely, he will see that every 

depression leads into a still deeper one, until the upper 

branches of the streams are reached, the waters of which are 

often more than a hundred and fifty feet below the prairie 

level from which he started, and the surfaces of the larger 

streams are sometimes near a hundred feet deeper still. 

These details of the drainage are too minute to be repre- 

sented in the foregoing diagram, or even upon the largest 

maps. The streams themselves are considered .under the 

following head: 

4, RIVERS AND THEIR VALLEYS. 

Since rivers, next to mountains, constitute the most con- 

Spicuous features in the physical geography of a region, and 

Towa being, as already shown, quite destitute of mountains, 

or even ranges of hills, a brief description of its rivers and 

river systems is here introduced, for the purpose of presenting 

as clear an idea as possible of the surface features of our 

State. 

Its inequalities of surface are due almost alone to its 

streams, for these, as before intimated, have eroded their own 



“| ei eom mye phil ate ) a 

‘ 

SURFACE FEATURES. 39 

valleys out of a primitive general level. Thus our so-called 

hills are only valley-sides; or, in other words, their apparent 

elevation is due to their having been left in their original 

positions, when the surrounding or intervening material was 

removed by the denuding action of water and the atmosphere; 

which agencies are perhaps as active now as they have ever 

been. Consequently the rivers and streams of Iowa, and 

more especially their valleys, constitute its most conspicuous 

physical features. 

All streams that rise in Iowa, rise upon the incoherent 

surface deposits, occupying at first only slight depressions 

in the surface, and scarcely perceptible. These successively 

coalesce to form the streams. Those portions of the valleys 

of the upper branches thus formed which run upon the 

surface deposits alone have usually sloping sides, indistinct 

flood-plains and muddy banks. In the following descrip- 

tions of rivers, these portions so generally uniform in all, are 

omitted, the depressions they occupy being included when 

reference is made to undulations of the surface. 
As preliminary to the consideration of the rivers of Lowa, - 

in groups or as individual streams, the reader is referred to 

the map of the State accompanying this report, to show its 

geographical as well as geological features; and also to the 

following table which is introduced to show the slope in feet 

per mile of the more important of them. In the case of the 

two great rivers, those portions of their courses which border 

upon fowa almost alone are considered; and in the case of 

the smaller rivers, it will be seen that the slope of their prin- 

cipal portions only are given in the table, the upper portions 

of them and their branches being omitted. 

Physical geographers use definite terms to designate 

different portions of the courses of rivers, and also of dif 

ferent parts of their valleys. Thus the river valley is divided 

into sides, flood-plain* and channel or bed. There is hardly 

*The flood-plains of rivers are usually called ‘‘ Bottoms” and ‘“ Bottom-lands” in 

this part of the country. 
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a river in the world whose valley does not possess all these 

features more or less distinctly marked. They. also divide 

streams rising in moustainous regions into cascade, torrent, 

and river portions, er upper, middle and lower. This 

division of the stream itself is more especially applicable 

to such rivers as take their rise in mountainous regions, and 

flow down into and through a level country, thence into the 

sea or another river. | 

Remembering what has been said of the general topog- 

raphy of the State, it will at once be seen that such a division 

of the different parts of the courses of our Jowa streams is 

not applicable, because they run through a flat country all 

the way from their sources to their mouths. It will also be 

seen that those portions of them which are omitted from the 

table are free from torrents or cascades, because they pass 

along upon the incoherent surface deposits alone, not having 

reached the firm underlying strata: 

A TABLE 

Showing the Slopes of the Principal Rivers of Iowa. 

| SLOPE 
NAMES. | PART OF COURSE. PEE MILE. AUTHORITY. 

Mississippi .....|From Lansiig to the conflu- | 
ence of the Missouri ...... 0 ft. 6in.!J. E. Ainsworth. 

IVLSS OUI siarsternrere rs From Sioux City to Council 
BLUES bs 2 Ut npn lece & anree 1 ft. 0 in.;Railroad levels. 

Des Moines ..... From Fort Dodge to Ottumwa/2 ft. 4 in.|Railroad levels. 
Des Moines ..... From Ottumwa to the mouth.|1 ft. 11 in./Railroad levels. 
vaCCOOM eee ee From forks of the river to its 

MIOULDG AR eos kee eames 2 ft. 11 in.|Railroad levels. 
N. Raccoon ..... From Jefferson to the forks. .|4 ft. 0 in.|Railroad levels. 
NS suiiake haan ecnete From Colfax station to Oak- 

Tae a Saec Bees eee peer 2 ft. 2 in.|/Railroad levels. 
Sima ee cb lehosiee From Oakland to the mouth .|1 ft. 6 in.|Railroad levels. 
OWE) eerie distor (From Iowa Falls to Iowa City|3 ft. 1 in.|Railroad levels. 
Towa...........-|From Iowa City to the mouth|2 ft. 4 in.|Railroad levels. 
COCBiRA ARS Aoeniae From State boundary to Cedar 

Balls) pec eee, sy ate ariceage 3 ft. 7 in.'Railroad levels. 
Cedar ye cession From Cedar Falls to Moscow.|2 ft. 5 in.|Railroad levels. 
CeO Aisi te arene From Moscow to the mouth ./2 ft. 0 in.|Railroad levels. 
Wapsipinicon....|From Independence to the 

HANOI ect oe ilps ae ee 2 ft. 10 in.|J. E. Ainsworth. 
Maquoketa...... From Manchester to themouth|3 ft. 4 in.|J. EH. Ainsworth. 
(VOIR EY GyoRs ae .|From Crane creek to the 

HOUYO1 EO Rep ER Re TERROR, SaaS. ats 5 ft. 0 in.|Railroad levels. 
Upper Iowa.... |From Decorah to the mouth.|8 ft. 6 in.|Railroad levels. 



SURFACE FEATURES. 41 

Slopes of the Principal Rivers of Iowa—— Continued. 

NAMES. PART OF COURSE. SLOFE AUTHORITY. 
PER MILE. 

_E. Nishnabotany.|From C. R. I. and P. Railroad| ial | 
Fo cme. Monthh spe. beens 2 ft. 5 in.|Railroad levels. 

W. Nishnabotany|From C. R. I. and P. Railroad 
HO Mes INO Ws. oie) 4 35:0 ae: Sry 2 ft. 8 in.|Railroad levels. 

BON (CLS Ais eee nia From Dennison to the mouth./3 ft. 3 in./Railroad levels. 
Little Sioux..... From Cherokee to Smithland,'2 ft. 6 in.|Railroad levels. 
little Sioux... . From Smithland tothe mouth|0 ft. 4 in./Railroad levels. 
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The rivers of Iowa alone would furnish material for a 

much more lengthy discussion than the limits of this report 

will allow, but the most that can be done at the present time 

is to give an outline of their general and peculiar characters, 

confining remarks in reality more to the valleys than to the 

the streams themselves. 

Notwithstanding the general flatness of the country through 

which our rivers pass, the characters of their valleys are some- 

what varied by the difference in the character of the forma- 

tions out. of which they have been eroded, and over which 

their waters flow; and also by the depth to which the slope 

of the surface from their sources to their mouths have re- 

quired their erosion. The conditions being the same, the 

character of the valleys and their streams would everywhere 

be uniform, and there is consequently a great degree of uni- 

formity among lowa streams. This uniformity is due to the 

depth and universal prevalence of the surface deposits more 

than to any other cause. It is especially so in Western Iowa 

where the stratified rocks are generally and deeply covered 

by those deposits. 

In attempting to divide the rivers of Iowa into classes for 

more convenient description, each class having certain charac- 

teristics In common, no more natural division can be made 

than that which separates the two drainage systems as before 

deseribed. 

6 
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The Drift and Bluff Deposits are-both so thick in Iowa that 

its streams not only rise upon their surfaces, but they also 

frequently reach considerable size upon, and have eroded 

their valleys to a considerable depth into these deposits 

alone. In a few cases, as for example near the dividing 

ridge between the two great rivers, where the Drift Deposit is 

deepest, the valleys, small as the streams are there, have 

been eroded by those streams to a depth of nearly or quite 

two hundred feet from the general prairie level, showing 

nothing but drift anywhere in their bottoms or sides. It is © 

known that the Bluff Deposit also reaches fully as great a 

thickness in southwestern Iowa, where some of the valley- 

sides and bottoms are composed entirely of that homogeneous 

material. 

In consequence of the great thickness of the surface deposits, 

many of the streams, more especially those of western Iowa, 

are very largely and some of them wholly without exposures 

of rocky strata along their whole course. In other words, 

such streams rest wholly or in large part upon the incoherent 

surface deposits alone, and into which they have eroded their 

valleys. 

When the material out of which a valley is eroded, 

especially in Iowa, consists of alternating hard and soft 

strata, the valley is usually wide and the soft beds fre- 

quently give rise to broad, flat, flood-plains; but if the 

valley is cut out of material of uniform character it is usually 

deep, narrow, and gorge-like. When the valley sides are 

wholly composed of the incoherent surface deposits, they are 

of course never precipitous like those which contain rock in 

their composition. They are sometimes, however, quite 

steep, but always slope more or less directly from the 

surrounding highland to the flood-plain or the stream. 

The upper branches are, almost without exception, prairie 

streams; their valleys not being well defined as such, but 

form a part of the general undulatory character of the 

surface. - When the valley is cut out of the stiff, clayey 

drift, like some of that of southern Iowa, the sides are 
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usually steeper than they are when it is eroded out of the 

more sandy and gravelly drift of a part of northern Iowa. 

If the valley is eroded out of the Bluff Deposit, its sides may 

be either gently sloping, or even occasionally so steep that a 

man can climb them only with great difficulty. The peculiar 

physical properties of this strange deposit are described 

upon subsequent pages. 

The majority of the streams that constitute the western 

system of Iowa drainage run, either along the whole or a 

part of their course, upon that peculiar deposit described in 

another part of this report under the head of Bluff Deposit. 

As these streams seldom reach any more solid material, their 

banks and beds are always muddy; the stream itself occupy- 

ing a narrow, tortuous ditch in usually a narrow flood-plain, 

and having banks so steep and muddy that they are almost 

impassable to man or animals except by bridges. Other 

portions of some of these streams and the whole of some 

others of the western system, as well as the upper, branches 

of all those of the eastern system, rest upon and within the 

Drift Deposit alone. 

As the last named deposit is not quite so uniform in its 

composition in all parts of the State as the Bluff Deposit is, 

the characters of the beds and banks of the streams which 

run upon it are a little different in different parts of the State. 

Thus as sand and gravel are more prevalent in the drift of 

northern than in that of southern Iowa, the beds and banks 

of the streams in the first named portion of the State, are 

frequently pebbly and firm, while those upon the same 

deposit in southern Iowa are sometimes nearly as muddy, 

and possess much the same characters as those do which run 

through the Bluff Deposit. The immediate beds, however, of 

all streams upon the drift are usually gravelly; the gravel 

being the residue from the large amount of the finer drift 

material that has been removed by the streams to form its 

valleys. 
From the foregoing description of the beds and banks of 

the streams of western Iowa, it will be properly inferred that 
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they afford comparatively few secure mill-sites, although their 

fall per mile is very considerable, as shown by the table on a 

preceding page. Wherever any practicable mill-site does 

occur upon these streams, they are occasioned by the exposure 

to a greater or less degree of some of the strata that underlie 

the very heavy surface deposits. 
Another cause of the great uniformity in the character of 

the river valleys of western Iowa, is the simplicity of the 

stratigraphical geology of the region. Almost the whole of 

the region occupied by the streams of the western drainage 

system is underlaid by only two formations; namely, the 

Upper coal-measures and Cretaceous. The strata of the last 

named rocks are usually so friable and easily disintegrated 

that they have offered very little impediment to the erosion 

of the valleys; and, for the same reason, they do not often 

appear as exposures along the valley sides, even when they 

are known to exist beneath the surface. It is for this reason, 

in addition to the fact that the surface deposits are upon the 

whole thicker in western Iowa, that exposures of strata are 

so much more rare there than they are along the rivers of the 

eastern system. 

In view of the intended limit of this chapter, comparatively 

little discussion can be devoted to each individual stream, 

which fact must serve as a sufficient explanation of the brief 

manner in which they are treated. 

5. RIVERS OF THE WESTERN SYSTEM. 

All of the rivers of the western system of drainage, except 

the Missouri itself, are quite incomplete as rivers, in conse- 

quence of their being really only branches of other larger 

tributaries of that great river; or, if they empty into the 

Missouri direct, they have yet all the usual characters of 

upper branches of Iowa rivers, from their sources to their 

mouths. 

Chariton and Grand rivers (or rather the upper branches 

of rivers which bear those names in, and drain a part of the 
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State of Missouri), both rise and run for the first twenty-five 

or thirty miles of their courses upon the Drift Deposit alone. 

The first strata that are exposed by the deepening valleys of 

both these streams belong to the Upper coal-measures, and 

they both continue upon the same formation until they make 

their exit from the State, near the boundary of which they 
have passed nearly or quite through the whole thickness of 

that formation down to the top of the Middle coal-measures. 

Therefore, as might be expected, both these streams are 

very similar in their general characters so far as their Iowa 

portions are concerned. ‘Their valleys are usually pretty 

well defined; but sometimes the surrounding high land slopes 

for a mile or more gently towards the stream. They grad- 

ually deepen from their upper portions downward, so that 

within fifteen or twenty miles, they have reached a depth of 

near a hundred and fifty feet below the general level of the 

adjacent high land, which depth they retain with little in- 

crease until they pass beyond the limits of the State, because 

the general slope of the country is nearly concurrent with the 

slope of the streams. 
The strata of the Upper coal-measures consist, in this part 

of the State, of beds of limestone alternating with those of 

clayey and shaly composition. The latter readily soften 

and disintegrate upon exposure to atmospheric influence and 

the action of the streams. Thus when the rivers have cut 

their valleys down through the series of limestone strata, 

they reach those of clayey composition before mentioned. 

Upon these they widen their valleys and make for themselves 

broad flood-plains which become conspicuous features in 

their scenery; the soil of which, owing to its origin, is stiff 

and clayey, except where it is modified by sandy washings. 

These broad bottom lands are particularly noticeable in the 

southern parts of both Appanoose and Decatur counties. 

A considerable breadth of woodland occupies the bottoms 

and valley sides along a great part of their length, but their 

upper branches and tributaries are mostly prairie streams. 

Platte river. This is also a river belonging mainly to 
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the State of Missouri, the upper branches of which pass 

through Ringgold county from north to south, and together 

with those of the West Fork of Grand river,* drain a consid- 

erable region. 

The highest ridge of land between the two great rivers (not 

the Great Watershed as before explained), also passes through 

it in the same direction. Here the Drift Deposit reaches its 

maximum thickness on an east and west line across the 

State, and the valleys are eroded in some instances to a 

depth of two hundred feet below the general level of the 

adjacent prairie, apparently through this deposit alone, and 

not even then exposing its base except in a single instance, 

which occurs near the south line of Ringgold county. There 

all the valleys of these streams have the general features 

before described as characteristic of drift valleys. These 

characteristics are well marked in Ringgold county, because 

the valleys there are so much deeper than drift valleys 

average throughout the State. 

The county is nearly all prairie, and as the traveler is 

passing across it, he is hardly aware of the existence of the 
valleys until he is just upon their borders. Then he sees the 

stream winding through a narrow, scarcely defined flood- 

plain, usually having a narrow, often interrupted belt of 

forest trees along its banks, which were quite invisible at a 

distance in consequence of the depth of the valley. 

One-Hundred-and-Two river is represented in Taylor county 

by its Hast and West Forks, the valleys of which have the 

same general character as those just described, only they are 

not so deep. The East Fork has an exposure of Upper coal- 

measure limestone upon its banks at Bedford, but itis not 

sufficient to modify the general drift character of the valley. 

Nothing but drift appears in the valley of the West Fork so 

*The meagre nomenclature of the pioneers has given rise to much subsequent incon- 

venience, for, instead of giving a Separate name to each stream, they often applied the 

name of the main stream to each one of its principal tributaries with the addition of 

North, South, Kast, West or Middle, as the case might be. Thus we have the North 

and South Chariton, East, West, and Middle Nodaway, Hast and West Nishnabotany, 

etc., etc, 
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far as now known. The country around and between these 

streams is almost entirely prairie. 

The Hast, West, and Middle Nodaway rivers and their val- 

leys are very fine examples of the small rivers and valleys of 

southern lowa. They have the general characters of drift val- 

leys with beautifully sloping and undulating sides. These 

characters are very slightly modified at several distant points, 

by the presence in their beds and immediate banks of limited 

exposures of Upper coal-measure strata. As the southerly 

dip of these strata, however, coincides almost exactly with 

the slope of the southerly flowing streams, they offer com- 

paratively little obstruction to their flow, yet they are sufii- 

cient. to cause a few good mill-sites on each of the streams. 

The Nodaways drain one of the finest agricultural regions 

in the State, the soil of which is tillable almost to their very 

banks. These banks and the adjacent narrow flood-plains 

are almost everywhere composed of a rich, deep, dark loam. 

The average depth of these valleys, from the surrounding 

prairie level, is not far from one hundred and fifty feet, the 

southerly slope of the country Keeping the depth of the val- 

leys nearly uniform along a great part of their length. Their 

width varies from an eighth to a quarter of a mile, but their 

margins blend gradually with the prairie surfaces of the high 

lands. 

The Hast and West Nishnabotany. Both these rivers, from 

their sources to their confluence, and also the main stream 

from thence to the point where it enters the great flood-plain 

of the Missouri, run through a region the surface of which is 

occupied by the Bluff Deposit described in a following chap- 

ter. They have so eroded their valleys that the underlying 

Drift Deposit is exposed in their immediate beds along almost 

their entire length; but the valley sides, flood-plains, and 

even the banks, are everywhere composed of the Bluff De- 

posit. This is owing to the fact that near their sources the 

Bluff Deposit is thin and gradually increases in thickness 

towards the Missouri river, at a rate that coincides very nearly 

with the slope of the streams. 
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The characters of these valleys receive very little modifica- 

tion from the presence of the Drift Deposit, yet they do not 

differ very greatly from the drift-valleys in general appearance, 

more especially along their upper portions. Both these 

rivers have a few exposures of the underlying strata in their 

valleys, but they occur only along their middle portions 

above their confluence. These do not, in consequence of the 

ereat thickness of the surface deposit, modify the character 

of the valleys to any extent. The West Nishnabotany is 

probably without any valuable mill-site, although it has a 

_ few slight exposures of Upper coal-measure, limestone, and 

Cretaceous sandstone in its valley. These occur only in the 

southern part of Pottawattamie county and in the western 

part of Mills county. 

In the western part of Cass county, the East Nishnabotany 

loses its identity by becoming abruptly divided up into five 

or six different creeks, near which point several exposures of 

the Upper coal-measures, and a few also of Cretaceous sand- 
stone are found in their valleys, and also in that of the 

main Nishnabotany. A few exposures of the same rocks 

are also found at rare intervals below the point referred to, 

in the counties of Pottawattamie, Montgomery, and Page. 

A few good mill-sites occur on this stream in the western 

part of Cass county, near the exposures of stata before 

mentioned; but none that are thought to be really reliable, 

exist on either of these rivers or on the main stream below 

the confluence, except perhaps, one or two in Montgomery 

county. 

The general appearance and character of the valleys of 

these two rivers from their sources to the middle, respectively, 

of Cass and Pottawattamie counties, are those of ordinary 

prairie creeks, or of valleys excavated in the drift alone. 

The valley sides are gently sloping and undulatory like those 

of such streams; but below the points named they begin to 

assume their peculiar characteristics. The valleys gradually 

widen to a width of from a quarter of a mile to one or two 

miles, or even more; their sides being still undulatory and 
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usually sloping very gently to the flood-plain. The flood- 

plains of these valleys are in some respects unlike those 

of other streams, for they usually have a slight but regular 

slope from the valley-side to the stream without any appear- 

ance of terraces; and yet much the larger part of the surface 

of these plains is entirely above the reach of the highest 

floods. Near the confluence of the two streams the valleys 

are still further widened, and the slopes of their sides from 

the uplands are very gentle. Below the confluence the 

united valley has much the same appearance, and from 

the distant high ridge, which separates it from that of the 

Missouri river, the view is often very beautiful and extensive, 

for the elevation at that distance from the river is upward of 

two hundred feet above the Nishnabotany. From the point 

where the Nishnabotany enters the great flood-plain of the 

Missouri river, it meanders through it for many miles as a 

tortuous, muddy canal, and finally empties into the great 
river within the State of Missouri. 

The two valleys throughout their entire length possess 

considerable, but unromantic beauty; and the soil, both of 

the valleys and the entire intervening uplands, possesses 

remarkable fertility. It is seldom the case that the valley 

sides are steep, like the bluffs of the Missouri river flood- 

plain, although they are composed of the same material that 

those are; but when we approach the point where the united 

valley joins that of the great river, we begin to see the 

abrupt and peculiar outline of the bluffs so characteristic 

of the valley-sides of the Missouri river. 

Boyer river, until it enters the flood-plain of the Missouri 

river, runs almost, if not quite its entire course, through the 

region, the surface of which is occupied by the Bluff Deposit; 

but like all others of the principal streams that run through 

this deposit, it has cut its valley out of, and entirely through 

it along almost its whole length. In consequence of this, 

some pebbles and sand are usually to be found in its. imme- 

diate bed, but nothing except the fine material of the Bluff 

Deposit is elsewhere to be seen. This prevails so fully that 
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the bed and immediate banks are everywhere muddy; and 

the soil of the whole valley differs little if any from that of 

the upland. 

The only rocks exposed along the entire course of Boyer 

river are those of the Upper coal-measures, and these occur 

only at a single locality near Reel’s mill in Harrison county. 

The exposures here are slight, and unimportant, except that 

they are the only exposures of underlying strata in the 

county, and the most northerly ones of the Upper coal-mea- 
sures now known in [owa. 

The valley of Boyer river has usually gently sloping sides, 

and an indistinctly defined flood-plain. Its depth from the 

adjacent uplands varies from one hundred to one hundred 

and fifty feet; but the upland borders of the valleys of the 

stream which traverse the Bluff Deposit, are not usually so 

well defined as those of the streams which traverse the Drift 

Deposit alone frequently are. Along the lower half of its 

course, especially, the adjacent upland loses the originally 

well defined surface level, and presents a surface of the bil- 

lowy character, so common near the valley of the Missouri 

river and peculiar to the Bluff Deposit. An unusually well 

marked example of this billowy surface of the same deposit, 

may be seen in the sketch accompanying the chapter on 

northwestern Iowa. It will thus be seen that the whole valley 

receives its characters from the surface deposits alone, without 

any modification from the underlying strata. 

Soldier river presents very little that is peculiar to it, as 

compared with the other rivers which traverse the Bluff De- 

posit thus far described. However, near the point where its 

valley joins the great flood-plain of the Missouri river, it 
presents some examples of more or less distinct terraces, 

which are comparatively more rare in the Bluff Deposit than 

in the drift, owing to the peculiar composition of the former. 

The mode of formation of these terraces will be discussed in 

the chapter on Surface Deposits, accompanying which, will 

be found a sketch of the locality where the valley of Soldier 

river joins that of the Missouri. 
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The whole course of Soldier river, except that part which 

traverses the great flood-plain, is through the region occupied 

by the Bluff Deposit. It has cut its valley down through this 
deposit to the drift, along a great portion of its course but 

nowhere far into it. It has no exposure of strata along its 

entire course, and is consequently, a characteristic stream of 

the surface deposits unmodified by underlying strata. 

Little Sioux river. Under this Kead are included both 

the main and west branches of that stream, together with 

Maple river, which is also one of its branches. Like Soldier 

river, both the West Fork and the Maple run their entire 

courses—except their upper branches which are mere prairie 

creeks upon the Drift Deposit—through the region occupied 

by the Bluff Deposit, and are so similar to the Soldier in all 

respects, that they need no separate description. The main 

stream, however, has its rise near the northern boundary of 

the State, and runs a great part of its course upon the Drift 

Deposit alone, before it enters the region occupied by the 

Bluff Deposit, which it does in the southern part of Cherokee 

county. That portion-of the valley of the Little Sioux, from 

its source to the place where it enters this region, may be 

regarded as a typical drift-valley as they occur in Jowa, for 

nothing but this deposit is to be seen within or around it, and 

so far as is now known, it is not at all modified by the under- 

lying strata whatever they may be. 

The two principal upper branches near its source in 

Dickinson and Osceola counties, are merely small prairie 

creeks. with gravelly beds and banks, and shallow, indis- 

tinctly defined valleys. Upon entering Clay county the 

valleys begin to have considerable depth, and after their 

confluence there, the valley soon reaches a depth of about one 

hundred and fifty feet. The depth continues to increase so 

that the part of the valley that has a westerly course along 

and near the boundary line, between Clay and Buena Vista 

‘counties, reaches a depth from the general prairie level, 

which is here quite distinct, of nearly two hundred feet. The 

valley here apparently cuts across the ridge which constitutes 
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the Great Watershed in this part of the State, along which 

portion of its course it has well-defined borders, and a width 

of from one quarter to half a mile. Even here, where the 

valley is so deep, nothing but drift is to be seen in its bottom 

or sides, from which fact it is inferred that the Drift Deposit 

is about two hundred feet thick at this point. Just as the 

valley enters Cherokee county it turns to the southward, and 

becomes much widened and has its sides usually gently 

sloping to the uplands, which gives it the appearance of 

being shallower than it is farther up; but this is really not the 

case. When the valley enters the region of the Bluff Deposit, 

the surface soon begins to assume that billowy appearance 

before described, and its borders are consequently more or 

less obscured; yet it retains a general depth of about two 

hundred feet from the adjacent plas until it joins the 

valley of the Missouri. 

The lower portion of the river, from the last named point, 

is wholly unlike any other part of it; but is like similar 

portions of every other stream that crosses the great flood- 

plain within the State. Its a narrow, sluggish ditch, which 

is frequently filled with back-water from the Missouri river, so 

as to cause an overflow of the water of the upland portion 

of the stream upon the flood-plain. Indeed, the lower 

portions of these streams are only accidental channels for 

the escape of their waters to the great river across its flood- 

plain. 

The Missouri river in former times ran along the foot of 

the bluffs on the Iowa side of its valley, where traces of its 

channel still remain. The Little Sioux now flows along a 

portion of the old channel of the great river, where it unites 

the West Fork, the Little Sioux, and Maple rivers into a 

common channel as they successively come down upon the 

uplands. Formerly these were independent streams and 

each emptied directly into the Missouri river. No exposures 

of strata of any kind have been found in the valley of the 

Little Sioux nor in those of its branches. 

floyd river is a small stream, essentially like those just 
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described. It rises upon the drift, and flowing southward, it 

enters the region of the Bluff Deposit a little north of the 

centre of Plymouth county, and continues upon this deposit 

from thence to its mouth near Sioux City. Along this part 

of its course it has not, like the other streams of the region 

of the Bluff Deposit, cut its valley down through it, so as to 

expose the drift, except at a few points near Sioux City; 

although it seems certain that the drift cannot be anywhere 
very far beneath its bed. 

This river is, almost from its source to its mouth, a prairie 

stream, with gently sloping valley-sides which blend 

gradually with the uplands, giving the valley the appear- 

ance of being very shallow. It reaches a depth of about 

one hundred and fifty feet from the adjacent uplands. <A 

single slight exposure of sandstone of Cretaceous age, 

occurs in the valley near Sioux City, and it is the only 

known exposure of rock of any kind along its whole length. 

Near this exposure is a mill-site, but farther up, the stream 

1s not very valuable for such purposes. 

Rock river. This stream was evidently so named from 

the fact that considerable exposures of the red Sioux 

Quartzite occur along the main branch of the stream in 

Minnesota, a few miles north of our State boundary. Within 

the State, however, both it and all its branches are drift- 

streams; that is, no strata of any kind are exposed in their 

valleys, and nothing but drift is to be seen in and around 

them. They are shallow valleys, with gently sloping sides, 

which gradually blend with the undulating prairie surface. 

The beds and banks of the streams are usually sandy and 

gravelly with occasional boulders intermixed. 

Big Sioux river. The valley of this river from the north- 

west corner of the State to its mouth, possesses much the 

same characters as all the streams of the surface deposits. 

This results from the friable character of the strata that 

underlie the surface along its borders, in addition to the fact 

that the surface deposits also cover them quite thickly, 

especially on the Iowa side. At Sioux Falls, a few miles 
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above the northwest corner of the State, the stream meets 

with remarkable obstructions from the presence there of the 

Sioux Quartzite. This formation outcrops directly across 

the stream at that point, and causes a fall of about sixty 

feet within a distance of half a mile, producing a series of 

cascades and some fine examples of wild and romantic 

scenery, quite in contrast with that of the valley below and 

of the surrounding monotonous prairies. 

From the northwest corner of the State To the 

river slope is comparatively gentle and similar to that of the 

other streams of western Iowa. For the first twenty-five or 

thirty miles above its mouth, the valley of the Big Sioux 

is very broad, and has a broad, flat flood-plain, which is 

in all respects like, and indeed continuous with, that of the 

Missouri river. Above the point named the character of 

the flood-plain changes, and like those of the drift-valleys, 

it becomes usually undulatory with very gentle slopes from 

the base of the retreating valley-sides to the stream, 

occasionally showing indistinctly defined terraces. ‘The 

material of these terraces and valley bottoms—they are not 

here true flood-plains—is principally drift, shghtly altered, 

and not alluvium properly so-called. ‘They constitute some 

of the finest agricultural lands of the region, being quite 

above the reach of the highest floods. 

On our side of the valley, however, the upland presents 

abrupt bluffs, as steep as the incoherent materials of which 

they are composed will stand. They are from one hundred 

to nearly two hundred feet high above the stream, while the 

Dakota side of the valley slopes away gently, its border 

eradually blending with the prairie surface beyond. ‘The 

abrupt bluffs are almost continuous upon the Iowa side, 

while the flood-plain and sloping valley-side are almost as 

continuous on the other. Occasionally, however, along the 

borders of Sioux and Lyon counties, the abrupt blufis appear 

on both sides of the valley, which is there quite narrow. 

These bluffs are frequently scored upon their faces with deep 

gorges, each with a small rill at its bottom. These gorges 
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have very little length, for the adjacent upland is mainly 

drained by creek-branches of the Big Sioux, some of the upper 

subdivisions which reach around behind the faces of the 

bluffs, and drain the surface-water back from their very 

brows, and carry it by their own channel to the main stream. 

At rare intervals, along about fifteen miles above the mouth 

of the river, the Cretaceous strata are found exposed in the 

face of the bluffs of the Iowa side. No other strata are 

exposed along all that part of the valley of the Big Sioux 

which borders our State, except a single exposure of Sioux 

Quartzite at its extreme northwestern corner. None of these 

strata, as before remarked, can be said to have characterized 

that part of the valley below the vicinity of Sioux Falls. 

Some good mill-sites may be secured along that portion of the 

Big Sioux which borders Lyon county, but below this the fall 

will probably be found insufficient or the location for dams 

insecure. 

With the exception of the drift-streams of northwestern 

Iowa, the waters of which are usually clear, that of the 

rivers hitherto described has generally a stained appearance, 

even at low-water. "When flooded, all of them carry out 

much sediment suspended in the water, which sediment is 

derived mainly from the surface deposits through which they 

flow, but none of them can be said to be constantly muddy 

2s the water of the Missouri river is. All these streams are 

comparatively small; but an idea of their actual and relative 

length may be obtained from the geological map accompany- 

ing this report. 

The Missouri river. The only discussion of this remark- 

able river that can be given in this report, must relate alone 

to the characters of the stream and its valley along that part 

of its course which goes to form the western boundary of 

lowa. We have no information of the amount of water 

annually flowing past the State of Iowa in this great river, 

because no detailed hydrographic survey of it has been 

made along our border. 

It is, however, one of the muddiest streams on the globe, 
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and its waters are known to be very turbid far toward its 

source. Two collections of its waters have been made from 

its channel at Council Bluffs, and the solid contents deter- 

mined by Prof. Emery. One parcel was collected at low 

water on November 9th, 1868, and the other on July 5th, 

1868, when the river was just bank-full. The amount of 

sediment filtered out of the water in both instances is as 

follows: 

Low-water, 462 grams in one liter—52 grains in one gallon. 

fligh-water, 5.672 grams in one liter—404 grains in one 

gallon. 

It will thus be seen that the amount of suspended sediment 

at times of high water, is more than twelve times as great as 

it is at low water. 

The amount of solid matter held in solution in the same 

water, was also determined by Prof. Emery, and will be 

found on another page of this report. The turbidity of the 

water is at all times so great that no object can be seen 

beneath its surface. The amount of solid matter brought 

down by the river has always been very great, as will be 

explained under the head of Bluff Deposit, but it seems 

necessary here to anticipate the description of that deposit, 

so far as to say that it is composed of fine sedimentary 

material, similar to that which the river now deposits 

from its waters, and consists of material which the same 

river really did deposit, in a broad depression, in the surface 

of the drift that formed a lake-like expansion of that river 

in the earliest period of the history of its valley. That 

lake, as shown by its deposit which now remains, was 

about a hundred miles wide and more than twice as long. 

The water of the river was muddy then as now, and the 

broad lake became completely filled with the sediment which 

the river brought down, before its valley had deepened 

enough in the lower portion of its course to drain it. After 

the lake became filled with the sediment, the valley below 

became deepened, by the constant erosive action of the 

waters, to a depth more than sufficient to have drained the 
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lake of its first waters; but the only effect then was to cause 

it to cut its valley out of the deposits also, its own muddy 

waters had previously formed. Thus, all along the valley of 

that river, so far as it forms the western boundary of Iowa, the 

bluffs which border it are composed of that fine sedimentary 

material known as the Bluff Deposit. These bluffs form a 

distinct and abrupt border along each side of the broad, 

level flood-plain, the width of which varies from five to fifteen 

miles, while the original sedimentary deposit stretches far 

inland on both sides. 

6. RIVERS OF THE EASTERN SYSTEM. 

The eastern system of Iowa drainage is rendered more 

complete as a system, if we include with it the drainage of 

a part of southeastern Minnesota. By doing so we find 

the interesting fact that the greater part of the region thus 

drained, is entirely enclosed by three rivers and their tribu- 

taries, which complete enclosure is caused by two of the 

streams having a common source and flowing from it in 

different directions. These are the East Fork of the Des 

Moines and the Blue Earth, a tributary of the Minnesota 

river. They rise in Crocker county, in’ what is called 

Union Slough by the inhabitants. The slough is a shallow, 

longitudinal depression in the general prairie level, having 

a north and south direction and much the appearance 

of the valley of an ordinary prairie creek. It is without 

water during the greater part of the year; but in wet 

seasons it is filled to a depth of several feet, and as each 

end of it opens into the respective streams named, one might 

then start there with a light boat, and choose whether he 

should perform a water-journey to the Mississippi by way of 

the Blue Earth and Minnesota rivers, or by way of the Des 

Moines. At such times, a large part of the region of the 

eastern drainage system of Iowa, together with its adjacent 

part of Minnesota, becomes an island. 

The rivers of the eastern system have as a whole quite a 
S é 
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different character from those of the western system. They 
are larger, longer, and have their valleys modified to a much 

ereater extent by the underlying strata. For the latter 

reason, water-power is much more abundant upon them than 

it is upon the streams of the western system. 

The Des Moines river is almost entirely an lowa stream, 

having, it is true, its rise a few miles over the border in 

Minnesota, but it enters Iowa before it has attained any con- 

siderable size, and flows almost centrally through it from 

northwest to southeast, emptying into the Mississippi at the 

extreme southeastern corner of the State. 

AS a river, it is more complete in itself than any other 

of the Iowa rivers, except the Mississippi and Missouri, 

draining a greater area, and being the largest and longest. 

The upper portion of it is divided into two important 

branches, called in the usual nomenclature of the pioneers, 

the East and West Forks. ‘These unite in Humboldt county 

to form the main stream. The valleys of these branches 

above their confluence are entirely drift-valleys, except that 

a few comparatively small exposures of sub-carboniferous 

limestone occur in the immediate banks of both streams, 

from three to five miles above their confluence. But these 

are not sufficient to even modify the general character 

impressed upon the valleys by the Drift Deposit. They are 

sufficient, however, to produce several fine mill-sites at those 

points upon both the streams. 

The valleys vary in depth from fifty to one hundred and 

fifty feet below the general prairie level. Their sides are 

usually gently sloping, and they gradually blend with the 

undulatory prairie surface of the upland. The beds are 

more or less gravelly, but their banks are usually muddy 

from the abundant fine material of the drift. The valleys 

vary from a few hundred yards to half a mile in width; the 

flood-plain is seldom well marked, but the bottom of the 

valley is often a very gently sloping and slightly undulating 

prairie, quite above the reach of the highest water, and, as. 

might be expected, are the finest of agricultural lands. 
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In the northern part of Webster county the character of the 

main valley is slightly modified by the presence there of 

ledges and low cliffs of the sub-carboniferous limestone and 

even by the gypsum; but the Drift Deposit is so thick that the 

general contour of the valley is such as might be expected 

from the prevalence there of this incoherent material. At 

Fort Dodge the valley has reached a depth of one hundred 

and seventy feet from the adjacent general prairie level. 

From Fort Dodge below, it begins to assume more of the 

usual characters of a river valley, having its winding course 

through a well marked flood-plain., From a point a little 

below Fort Dodge to near Amsterdam, in Marion county, the 

river runs all the way through and upon the Lower. coal- 

measure strata. These strata, all being friable and easily 

disintegrated, they do not produce strongly marked features 

in the valley. For the same reason, and also in consequence 

of the usual heavy deposit of drift, natural exposures of 

those strata seldom appear. Along this part of its course 

the valley has generally irregularly sloping sides, sometimes 

abrupt, but usually blending with the uplands in the 

distance. The fiood-plain varies from an eighth to half a 

mile or more in width. From Amsterdam to Ottumwa the 

sub-carboniferous limestone appears at intervals in the 

valley-sides again, forming low cliffs occasionally; but the 

exposures are generally small and distant from each other. 

Near Ottumwa the sub-carboniferous rocks pass beneath the 

river again, bringing down the coal-measure strata into its 

bed, but they rise again from it in the extreme northwestern 

corner of Van Buren county, and sub-carboniferous strata 

resume and keep their place along the valley from there to 

the mouth of the river. From Fort Dodge to the western 

part of Lee county, the strata of the Lower coal-measures are 

present in the valley, either at its bottom or resting upon the 

sub-carboniferous strata and forming the upper portion of the 

valley-sides. The drift is everywhere present, ‘covering all 

the strata, except where it has been removed by erosion, but in 

the valley it is ina more or less modified form. 
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It is difficult to state any definite average depth to the 

valley of the Des Moines, because its borders are so indis- 

tinctly defined; but it seldom exceeds one hundred and 

seventy-five from the adjacent uplands. Its flood-plain is 

frequently sandy, from the debris of the sandstone and sandy 

shales of the coal-measures, produced by their removal in 

the process of the formation of the valley. The valley 

almost nowhere receives strongly marked features from any 

of its underlying strata, except perhaps, in Van Buren 

county, where there is an uplift that has brought up the 

Keokuk member of the sub-carboniferous limestone. In this 

county the valley is in some places quite narrow, the 

uplands approaching the stream on both sides. 

The principal tributaries of the Des Moines are upon its 

western side. These are the ‘‘ Three rivers” and the Raccoon, 

which together drain a large part of central Iowa. 

The ‘‘three rivers,” namely, Sowth, Middle, and North 

rivers, have their rise in the region occupied by the Upper coal- 

measure limestone formation, flow eastward over the Middle 

coal-measures, and enter the valley of the Des Moines, upon 

the Lower coal-measures. These streams, particularly South 

and Middle rivers, have the sides of their valleys frequently 

bordered by high, rocky cliffs, along those parts of their 

courses which traverse the Upper coal-measure limestone. 

Raccoon river has its rise by three principal branches upon 

the heavy surface deposits of the Middle region of western 

lowa, and along the greater part of its course it has exca- 

vated its valley out of those deposits and the Middle 

coal-measures alone. The strata of the last named formation 

have yielded readily to denuding action, and consequently 

they are not often exposed in the banks or valley-sides, being 

covered by drift and their own debris. For this reason also, 

they do not strongly characterize the valley, although it is a 

well marked one, and sometimes reaches a depth of one 

hundred and seventy-five feet from the general level of the 

uplands. 

The valleys of the Des Moines and its brauches are 
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destined to become the seat of extensive manufactures, both in 

consequence of their numerous mill-sites of immense power, 

and the fact also that the main valley traverses the entire 

length of the Iowa coal-field. 

Skunk river rans almost its entire course, after it has 

reached any considerable size, upon the border of the outcrop 
of the Lower coal-measures, or perhaps more properly 

speaking, upon the sub-carboniferous limestone, just where it 

begins to pass beneath the coal-measures by its southerly 

and westerly dip. Its general course is nearly due southeast, 

and its slope being nearly coincident with the dip of the 

formation upon which-it runs, its valley is not strongly 

marked by outcrops of strata, except along the lower part of 

its course in Henry and Des Moines counties. Here the 

limestone forms frequent clifis from twenty to fifty feet high, 

but it is only in the immediate valley that any exposures 

appear, because the whole country elsewhere is covered with 
drift. 

From the western part of Henry county, up as far as Story 

county, the valley of Skunk river has been a terror to trav- 

elers from the earliest settlement of the country until the 

introduction of railroads. It was the broad fiat flood-plain 

that formed the obstruction to travel, for it is covered with a 

rich, deep, clayey soil, which in times of long continued rains 

and overflows of the river, made the whole a bed of adhesive 

mud, through which men and animals could pass only with 

great difficulty. The sides of the valley are usually so gently 

sloping along this part of its course, that it has the appear- 

ance of being very broad and shallow. The stream has 
really a considerable current, and the table on a previous 

page shows its slope also to be considerable; yet, as viewed 

from the uplands, it appears to be a sluggish stream, as it 

meanders through its broad flood-plain, with its slightly 

raised and muddy banks, bordered by willows, or a few 

scattered elms. 

There are some excellent mill-sites on Skunk river, espe- 

cially upon the lower half of it, but usually they are not so_ 
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valuable nor so numerous as they are on many of the other 

rivers of the eastern system. 

Iowa river. The lowa river rises in Hancock county, in 

the midst of a broad, flat, or sightly undulating drift-region. 

The first rock exposed in its valley is the sub-carboniferous 

limestone, which occurs in the form of rocky banks to the 

stream in the southwestern corner of Franklin county. The 

river then enters Hardin county, and cuts across the north- 

eastern corner of the Iowa coal-field in a southeasterly 

direction, and enters the region of the sub-carboniferous 

limestone again, which it crosses, continuing in the same 

direction, and enters the region of the Devonian strata near 

the southwestern corner of Benton county. It continues in 

the region occupied by the Devonian rocks all the way to its 

confluence with the Cedar, having made an abrupt bend to 

the southward in the northern part of Johnson county. 

From the point of its confluence with the Cedar it is Known 

to traverse a part of the region occupied by the sub- 

carboniferous strata, but they being the friable ones of the 

Kinderhook formation, no exposures of them are to be seen 

along that part of its course. Below its junction with the 

Cedar, and for some miles also above that point, its valley is 

broad and flat, especially upon its northern side. Bluffs 

of from one hundred to one hundred and fifty feet in height, 

border the southern side of the valley, near the foot of 

which the river runs until it enters the flood-plain of the 

Mississippi. 

Above the point just named the valley is generally broad, 

with gently sloping sides, seldom too steep to be readily 

cultivated, and everywhere very beautiful if not romantic. 

The exposures, along its course, of the sub-carboniferous and 

Devonian limstones are usually in the form of low cliffs or 

smaller ledges, and long distances often occur without an 

exposure of rock of any kind to be seen, for the whole valley 

is covered with excellent soil and deep subsoil derived from 

the drift which profusely covers the whole region. The 

valley has generally a well-marked flood-plain, and more or 
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less distinct traces of terraces are not unfrequently seen 

along its sides. Its borders are not often distinctly defined 

either in height or width, for they gradually blend with the 

uplands as they slope away in the distance from the river. 

The lowa furnishes numerous and very valuable mill-sites. 

Cedar river. Cedar river is usually understood to be a 

branch of the Iowa, but it ought really to be regarded, as it 

is in fact, the main stream, and the lowa as the principal 

branch. It rises by numerous branches, near the northern 

boundary of the State, and together with the greater part of 

these branches, large and small, it flows its entire length 

through the region occupied by Devonian strata, and along 

the general trend of the outcrop of that formation. Both 

it and its branches have more numerous and extensive 

exposures of rock along their valleys than any of the other 

rivers hitherto described. This arises in part from the fact 

that the formation over which they run is largely composed 

of firm, compact limestone, which is not readily disintegrated 

and covered by its own debris, as friable rocks often are 

after they have once been exposed. It is also largely due to 

the fact that the drift of northern Lowa is comparatively thin 

in the region drained by the Cedar and its tributaries. There 

is, however, enough of the drift everywhere to cover the 

surface with excellent soil, except where it has been removed 

by the wearing of the water in deepening the valleys.. 

The valley of this river in the upper part of its course, as 

well as those of its tributaries also, 1s narrow, and fre- 

quently without a well-defined flood-plain. The valley-sides 

slope so gently that it is often impossible to say where the 

low-lands end and the uplands begin. The exposures of 

rock are sometimes quite numerous in the valleys, usually 

appearing as rocky banks to the streams, and sometimes as 

cliffs from twenty to thirty feet high above them. Below 

the confluence of the Shellrock with the Cedar, the stream 

assumes more of the true characteristics of a river. The 

flood-plain is more distinctly marked, the cliffs upon its 

banks are less frequent, but occasionally higher, yet they 
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seldom exceed forty feet in height. The valley throughout 

is broad and shallow, at least in appearance, and its borders 

are indistinctly defined from the upland. Below the con- 

fluence of the Shellrock, the drainage area of the river is 

greatly reduced in width; at one point in the southwestern 

part of Linn county, it scarcely reaches ten miles in width. 

Although exposures of the underlying strata are so much 

more numerous than they are along any other river hitherto 

described, their cliffs are seldom high, and the stream meets 

with comparatively little obstruction from them from the fact 

that its course coincides so nearly with the trend of the 

formation it flows upon. 

The valley of the Cedar is one of the finest regions in the 

State, and both the main stream and its tributaries furnish 

abundant and reliable water power, both as regards constancy 

of flow and security of mill-sites. 

Wapsipinicon river. ‘This river, in each corresponding 

portion of its course, is so similar to the Cedar in all respects 

that it hardly requires a separate description. It rises near 

where the Cedar does, and runs parallel with and near it 

along almost its entire course, the upper half of which is 

upon the same formation—the Devonian. Inthe northeastern 

part of Linn county it enters the region occupied by the 

Niagara limestone, upon which it continues until its con- 

fluence with the Mississippi. The features produced in its 

valley by this formation are similar to those produced by the 

Devonian strata along the upper part of the same valley, and 

also along the Cedar. 

A striking peculiarity of this stream is the narrowness of 

the area drained by it compared with its length. It is 

upward of one hundred and eighty miles long, and the width 

of its drainage area, in its widest part, is only about twenty 

miles, and toward the lower portion of its course this area 1s 

reduced in some places to ten or twelve miles in width. In 

consequence of this, the stream is not subject to extravagant 

floods, and its’mill-sites, which are very numerous, are hence 

more than usually secure. 
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‘Maquoketa river has its course entirely upon the region 

occupied by the Niagara limestone, and the character of its 

valley is not unlike those of the Cedar and Wapsipinicon. 
The magnesian limestone of this formation, however, weathers 

into rougher and more irregular forms when exposed along 

the banks and valley-sides, than the Devonian rocks of the 

Cedar valley do, in consequence of which the valley of the 

Maquoketa has frequently a more wild and romantic aspect 

than those of the other rivers just named. The depth of the 

valley, however, is not often great, seldom reaching two 

hundred feet from the general level of the uplands, and the 

valley-sides usually slope gently from them on both sides 

of the stream. ‘This river is more tortuous, and together 

with its branches, it drains as great an area as the Wapsi- 

pinicon, although it is much shorter than the latter. There 

are many excellent mill sites along the course of this 

- river. 

Turkey river. The Turkey and Upper Iowa rivers are 

both in many respects quite unlike any of the other rivers of 

Iowa hitherto described. The difference is principally due, 

however, to the great depth to which they have eroded their 

valleys, and the somewhat different character uf the material 

through which they have been eroded. Turkey river rises 

within the State, and in comparison with its size it has a 

shorter course than any of the others mentioned. In Winne- 

shiek county, within a few miles of its source, its valley has 

already attained a depth of more than two hundred feet from the 

general level of the uplands; and in Fayette and Clayton 

counties, its depth is increased to three hundred and even near 

four hundred feet in some places. When the latter height above 

the stream is attained, however, the slope of the valley-side 

has carried it back to some distance. The summit of the up- 

lands bordering nearly the whole length of the valley, is 

capped by the Maquoketa shales, which, on account of their 

friable character, seldom appear as natural exposures. These 

shales are in turn underlaid by the Galena limestone, a 

we limestone formation, which is here between two 
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and three hundred feet thick. The valley has been eroded 

entirely through both of these, and runs the greater part of its 

course within and upon the Trenton limestone. Thus all the 

formations along and within this valley are Lower Silurian. 

That portion of the valley which traverses Fayette and 

Clayton counties is a deep gorge, in comparison with the 

valleys of the other rivers hitherto described, with steep and 

often precipitous sides. High, rocky cliffs are not uncommon, 

but usually the steep sides are covered with debris of suffi- 

cient fineness to sustain a good growth of trees. The valley 

is usually narrow, and without a well marked flood-plain. 

Along a large part of its course the valley is too narrow to 

contain much good farming land; and hitherto, it has been 

found difficult to open a good wagon road along its entire 

length. Its fall is so great that water-power is abundant, but 

it is not accessible at all places, on account of the steepness _ 

of the valley-sides. 

Upper lowa river. There is frequent reason to complain 

of the meagre nomenclature of the early pioneers as applied 

to our rivers as before intimated. We have in consequence 

of it two Iowa rivers with only the addition of the word 

‘“upper” to distinguish the name of the one under discussion 

from that of the one already described as Iowa river. The 

Upper Iowa rises in Minnesota just beyond the northern 

boundary of Iowa, but enters our borders before it has 

attained any considerable size. Its course, although it has 

many windings, is nearly eastward until it empties into the 

Mississippi. It rises in the region occupied by Devonian 

rocks, and flows across the outcrops respectively of the 

Niagara, Galena, and Trenton limestones, the St. Peter’s 

sandstone, the Lower Maguesian limestone, and Potsdam 

sandstone; into, and through all of which, except the last, it 

has successively cut its valley. 

Its valley is the deepest of any in Iowa, reaching a depth in 

its lower part of more than four hundred feet from the highest 

ground in the vicinity. That portion of it which traverses 

Allamakee county has the Potsdam sandstone comvosing the 
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base of its valley-sides, the Lower Magnesian limestone 

forming the remainder of them. The greater part of the 

portion which traverses Winneshiek county, has its sides 

composed almost entirely of strata of the age of the Trenton 

limestone, which has a thickness in this part of the State 

of not less than two hundred feet. In the lower part of the 

valley the flood-plain sometimes reaches a width sufficient for 

the location of small farms; but usually the valley is too 

narrow for such purposes, and is often without any flood- 

plain at all. The valley sides are almost everywhere high 

and steep, and cliffs of Lower Magnesian and Trenton lime- 

stones often give them a wild and rugged aspect. 

The farming lands of the higher surface, however, extend 

almost to the very verge of the valley, so that in most cases 

as soon as one leaves the valley in any direction, he comes 

immediately upon a cultivated country. This stream has the 

greatest slope per mile of any in the State; consequently 

it furnishes immense water-power. ‘This is particularly the 

case with that portion of it which traverses Winneshiek 

county. In this county especially, the valley is very beauti- 

ful and picturesque. In some places, as for example where 

creeks come into it, the valley widens and affords good 

locations for farms and villages. The town of Decorah is 

located in one of these widened parts of the valley which 

makes it a lovely location and the almost unlimited water- 

power of the river and smaller spring-streams around. it, 
offer fine facilities for manufacturing and for fish-culture. 

This river and its tributaries are the only trout streams in 

the State. 

The Mississippi river. It seems almost ike mockery to 

pass over this grand old river with so few remarks as are 

here devoted to it, but the object of this chapter is only to 

describe the general surface features of the State. Therefore, 

only a very brief outline of the character of that portion of 

its valley which borders upon Iowa can be given here. This 

may be described in general terms as a broad canal cut 

out of the general level of the country through which the 
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river flows. Itis bordered upon either side by more or less 

abrupt hills or bluffs, which have been left standing while the 

valley was gradually being deepened by the erosive action of 

its own waters. The bottom of this valley, between the 
ranges of bluffs upon each side, varies from one or two to six 

or eight miles in width. The whole space between the bluffs 

is occupied by the river and its bottom or flood-plain only, if 

we except the occasional terraces or remains of ancient flood- 

plains which are not now reached by the highest floods of 

the river, and have never been reached by them since the 

river attained its present level. The height of the bluffs 

above the flood-plain varies from one hundred and fifty feet 

to upward of four hundred feet, the highest being at the 

northern part of the State, where also the valley is narrowest. 

The Lower Silurian formations compose the bluffs there, but 

they gradually disappear by a southerly dip, and the bluits 

are continued uninterruptedly by being successively composed 

of the Upper Silurian, Devonian, and sub-Carboniferous rocks. . 

Each of these formations, according to its lithological compo- 

sition, modifies to some degree the outline and aspect of the 

bluffs. Thus, from the northeast corner of the State to a 

point several miles below Dubuque, the valley has a deep, 

broad, :gorge-like appearance compared with what it has 

below. This is largely due to the firm character of the two 

ereat magnesian limestone formations, that compose the 

greater part of the bluffs along that portion of the valley. 

Below this, the bluffs are composed of the Niagara, and 

Devonian limestones and are more retreating and rounded 

in their outlines, but with diminishing height, they recover 

something of their abruptness upon the accession of the 

sub-Carboniferous limestone near the southeastern corner of 

the State. 

The river itself is from half a mile to nearly a mile in width, 

and winds from side to side through the flood-plain, so that it 

runs near the foot of the bluffs upon one side or the other, 

along a great part of its course. There are, however, only 

three or four points along the whole length of the State where 
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the bluffs approach the stream upon both sides. Its waters, 

although always having a stained appearance, are quite 

clear, especially as compared with those of the Missouri. 

7. RELATIVE AGES OF THE RIVER VALLEYS. 

There is evidently much difference in the relative ages of 

the river valleys of Iowa, if we take into consideration the 

full history of their formation; but if we consider them only 
in their relation to the present general surface of the State, 

they all evidently date back only to the close of the Glacial 

epoch. At the close of that epoch, as will be explained more 

at length in the next chapter, the surface of the whole State, 

as well as that of the surrounding region, was evidently 

so covered by the. Drift Deposit as to present a surface 

nearly as level as that which has been assumed in the 

description of the Surface Features of the State on a pre- 

vious page. That is, upon the recedence of the glaciers, the 

surface waters gathered into rivers, and had all their valleys 

to cut out anew, for the deep, continuous mantle of drift had 

filled, and covered all the valleys of the rivers that had 

drained the land before the Glacial epoch. 

To what extent our rivers of to-day occupy pre-glacial 

valleys it is difficult, if not impossible to determine; but that 

the Mississippi, together with all the rivers of northeastern 

Iowa, if no others, had at least a large part of the rocky 

portions of their valleys eroded by pre-glacial, or perhaps 

even by palzeozoic rivers, can scarcely be doubted. 

When, at the close of the Glacial epoch, the new-formed 

rivers selected their courses by the law of gravitation, some 

of them doubtless found their way along the valleys of ancient 

rivers, and gradually swept out the incoherent drift that had 

filled them, leaving the rocky cliffs up each side as the ancient 

rivers had left them. Others seem to have followed those 

ancient valleys only a part of their course, while still others, 

especially those of the western system of drainage, date the 

earliest period of the history of their valleys back only to the 
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close of the Glacial epoch. Indeed the valleys of the upper 

branches of every river in the State, have no greater antiquity 

than this, for they all rise and flow upon deposits no older 

than the drift. Some of the valleys of western Iowa are 

wholly of more recent origin than the drift. These are exca- 

vated out of the Bluff Deposit alone, which is of lacustral 

origin, and, as will be shown in the next chapter, is wholly of 

later date than the drift. 

8. LAKES. 

The largest bodies of still water in Iowa are so small that 

they would receive In some parts of the country only the 

designation of ‘‘ponds;” but no distinction of this kind is 

made by our people, all such bodies of water, whether large 

or small, being called lakes. The lakes of Iowa, taken as a 

whole, are not very conspicuous features, but they are well 

worthy of separate consideration. They may be properly 

divided into two distinct classes, the difference being not only 

in their existing characteristics, but also in the mode of their 

origin, and in the relative age of the deposits upon which 

they rest, for although they are all of post-Tertiary age, they 

were not simultaneously formed. 

The first may be called drift-lakes, having had their origin 

in the depressions left in the surface of the drift at the close 

of the Glacial epoch, and have rested directly upon the undis- 

turbed surface of the Drift Deposit ever since the glaciers 

disappeared. The others may be properly called flwoatile or 

alluvial lakes, because they have had their origin by the action 

of rivers, while cutting out their own valleys from the general 

surface of the drift as it existed at the close of the Glacial 

epoch, and are now found resting upon the alluvium as the 

others rest upon the drift. The erosion of the valleys having 

been accomplished by the vibration of the stream from side to 

side of its bottom or flood-plain, alternately occupying and 

abandoning all portions of it successively; the fluvatile lakes 

have all been formed since the others were, and originated in 
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this way :—Some of the channels formed and abandoned by the 

river, as before intimated, were never afterward re-occupied by 

it, because the general deepening of the channel progressed con- 

siderably in some instances before changes above or below 

certain points, induced a change of occupancy there. There- 

fore these previously isolated portions of the old channel have 

remained to this day as bodies of still water, and have now a 

position a little above the present highest floods of the river. 

These lakes, resting upon alluvial material, show evident 

traces of their fluvatile origin, in their general character and 

form. Some of these fluvatile lakes, indeed, are not entirely 

above the reach of the highest floods of the streams near 

which they are located, and it is not impossible that a 

part of them may yet be re-occupied by the shifting channel, 

particularly as their location often suggests a more direct or 

favorable course for the stream than the one it is now taking. 

Such lakes as these are not uncommon upon the flood-plains 

of the Mississippi and Missouri rivers, but they are not common 

elsewhere in Iowa. They are usually well stocked with fish, 

and also in their season, with an abundance of wild water- 

fowl; but their vicinity is never attractive as a place of 

residence on account of the marshy surroundings and low 

situation. 

On the contrary, the shores of the majority of the dritt- 

lakes of northern Iowa, are some of the most delightful spots 

for residence to be found within the limits of the State. Their 

waters are always clear and excellent, and their borders 

usually gravelly and clean. These lakes, resting as they 

do in gentle undulations of the surface, have few very bold 

features in the landscape which surrounds them, and their 

depth, for the same reason, is usually slight. This is 

indicated by the evident continuation of the gently curved 

contour of that portion of the surface which is now above 

their water-levels. 

For reasons elsewhere explained, the regions to which the 

drift-lakes are principally confined are near the head-waters 

of the principle streams of the State. We consequently find 
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those regions of northern lowa which lie between the Cedar 

and Des Moines rivers, and between the Des Moines and the 

Little Sioux, to possess the character of surface necessary to 

the existence of such lakes, more distinctly marked than in 

other regions, because no accumulation of water beyond or 

within them has been sufficient to cut channels of necessary 

depth to drain the surface of its originally collected waters, 

as has doubtless been done in all that portion of the State 

occupied by the principal streams, especially in southern 

lowa, where we find no drift-lakes. 

The largest.of these lakes to be found in the State are 

Spirit and Okoboji lakes, in Dickinson county; Clear lake in 

Cerro-Gordo county; and Storm lake, in Buena Vista county. 

The width and length of the first named lake are about equal; 

and it contains by estimate about twelve square miles of 

surface, its northern border resting directly upon the northern 

boundary of the State. Its shores are almost everywhere 

eravelly, and its banks are mostly wooded for a short distance 

away from the water. The country around is gently undula- 

ting fertile prairie, the highest of the elevations within range 

of vision not exceeding eighty feet above the surface of the 

lake. These are, doubtless, the highest points in the State, 

since the lake lies almost directly upon the Great Watershed. 

The accompanying sketch will give a good idea of the appear- 

ance of the lake and the adjacent country. 

Okoboji lake lies directly south of Spirit lake, and has some- 

what the shape of a horse-shoe with the point of its eastern 

prong coming up to within a few rods of Spirit lake, where it 

receives the outlet of the latter, as shown in the sketch. There 

being about six feet fall from Spirit to Okoboji lake a small 

flouring mill has been erected upon the outlet. The supply of 

water seems sufficient for so small a mill as the one now 

erected, but the proper basis for estimating the reliable water- 

power in this instance is the amount of water the lake receives, 

exclusive of what actually rests within its basin.’ The latter 

should only be relied upon as a reservoir. These drift-lakes, 

resting as they do upon the watersheds, do not receive a large 
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amount of water annually, and consequently have com- 

paratively little to furnish as water-power for continuous use. 

Okoboji lake extends about five miles southward from the 

point nearest Spirit lake, thence about the same distance 

westward, and then bends northward again, extending about 

as far north as the eastern portion does, making a continuous — 

length in all its bendings of about fifteen miles. The eastern 

portion is comparatively narrow, so that in one of its narrowest 

places itis spanned by a long bridge, and also at the point 

where it joins the western portion, by a still shorter bridge; 

but the western portion is larger and deeper, for which 

reason it was called ‘‘ Minnetonka”* by the Indians, to 

distinguish it from the other. The depth of these lakes was 

not ascertained, but Minnetonka is reported to be near a 

hundred feet deep at one point. 

The accompanying sketch gives a good idea of the appear- 

ance of Minnetonka and its surroundings. The view is taken 

from its southern end, looking north. The beaches are almost 

everywhere good, but those upon the right hand shore afford 

excellent bathing places. The surroundings of these lakes 

are everywhere pleasant, and they have already begun to be 

a favorite resort for those in pursuit of health or pleasure. 

Fish are abundant in them, and inthe autumn especially, they 

are the resort of myriads of water-fowl. 

Clear lake is a pleasant sheet of water, situated upon the 

watershed between the lowa and: Cedar rivers, in Cerro-Gordo 

county. It is about five miles long and two or three miles 

broad, and has a maximum depth of only about fifteen feet. 

Its shores are mostly gravelly and its banks for the most part 

wooded. The country around it is undulatory like that around 

Spirit lake. 

Storm lake is situated upon the Great Watershed in Buena 

Vista county, and on the line of the Iowa Falls and Sioux 

City Railroad. It is, like the others, a clear beautiful sheet of 

water, containing a surface area of between four and five square 

* Great water in the Sioux dialect. 

10 
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miles. Its beach is clean and gravelly; and nothing is lacking 

to make it a beautiful and interesting region but the presence 

of forest trees, for the region all around is an open prairie. 

Trees will grow so rapidly when planted and protected from 

the fires, that this defect will, in a few years, be remedied. 

The outlets of all these drift-lakes, except that of Okoboji, 

are dry during a portion of the year, when they appear to 

have no outlet, as they are usually shallow and small, and 

frequently covered with a growth of coarse grass and sedge. 

In the wet portion of the year the water escapes through 

these, but at other times the escape is evidently through the 

gravelly drift subsoil. 

9, WALLED LAKES. 

The lakes thus far mentioned are the largest in the State; 

but along the watersheds of northern Iowa great numbers of 

‘smaller ones exist, varying from half a mile to two or three 

miles in diameter. They are usually pleasant, shallow sheets 

of water, occupying the depressions among the undulations 

of the surface. One of these small lakes in Wright county, 

and another in Sac county have each received the name of 

‘“ Walled Lake” on account of the existence of embankments 

upon their borders which are popularly believed to have been 

the work of ancient aboriginal inhabitants, and concerning 

which many fanciful stories have been circulated in the public 

prints. These two lakes are no more worthy of such dis- 

tinction than any others of their class, because all the drift 

lakes that have been examined, and this comprises nearly all 

that exist in the State, not one of them has been found desti- 

tute of the so-called walls along some portion of its shore; 

and some of them even exceed in interest the two that have 

attracted so much attention. 

A true description of these popularly-called walls, but which 

I shall term embankments, will be best understood if given in 

connection with an account of their origin. 

When a pile of sand from the river shore has been left by 

the workmen for a long time exposed to the rains, the gravel 
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which it contains and which was at first hardly visible, 

becomes in time even more conspicuous than the sand itself, 

because a part of the latter has been wasted while the gravel 
all remains. Thus it has been, upon an extended scale, with 

the drift upon which all these lakes rest. It is composed of 

soil, clay, sand, gravel, and boulders; the former being usually 

so much in excess upon the surface around the lakes as to 

cover the boulders so completely that sometimes none are to 

be seen there. They doubtless exist in greater or less numbers 

every where in the drift, although they may not appear on the 

surface, for wherever a stream has cut its valley down through 

it, all the boulders contained in the whole mass removed, 

become and remain exposed, while the fine material has been 

swept away as sediment suspended in the flood-waters of the 

streams. The boulders thus left collect upon the valley-sides 

and many of them roll down into the stream collecting in its 

bed. For this reason, we find them more numerous there and 

upon other eroded surfaces than anywhere else. 

Again, the ceaseless dashing of a lakelet’s waves stirs up 

the finer material of the drift which rests beneath its waters. 

This passes off as sediment at the time of their overflow, 

leaving the gravel and boulders strewn abundantly upon its 

bed, even if none of either is to be seen upon the prairie 

surface around. This latter fact being misunderstood, has led 

to the belief that their absence upon the adjacent prairies was 

caused by their having been collected by human hands and 

brought to the lakes to build the “‘ walls ” (?) of; while the truth 

is, the embankments, as well as the presence of the separated 

material of which they are composed, are due to natural 

causes alone, the origin of the embankments being wholly 

referrable to the periodic action of ice, aided to some extent 

by the force of the waves. * 

The lakes are almost without exception very shallow and 

the water in them is usually low in late autumn, so that when 

winter comes, it is frozen to the bottom over so wide a margin 
from the shore, as to leave in some of them very little unfrozen 

water in the middle. In some of the shallower ones, indeed, 
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the water is occasionally all frozen and the fish killed by 

that means. This was the case a few years ago with Walled 

lake in Wright county, but it has since been partly re-stocked 
by the fry that reaches it from the rivers by way of the outlet 
at the time of overflow. 

The ice, of course, freezes fast to everything upon the 

bottom, whether boulders, sand, gravel, or mud, and the 

expansive power of the water in the act of freezing is exerted 

upon them, acting from the center of the lake in all directions 

towards its circumference. Those who are familiar- with the 

expansive power of ice in the act of forming, will readily 

see that under such circumstances it would be more than 

sufficient to move the largest boulder up the gentle slope of 

the bed of the lake. It is true that the motion resulting from 

one winter’s freezing would hardly be perceptible, but the act 

repeated from year to year, and from century to century, 

would ultimately move everything upon the bottom beyond 

the reach of the ice. The tracks of boulders thus moved 

have been observed, being as unmistakable in their character 

as those are which the river mussel leaves behind it in the 

sand. : 

Thus it will be seen that whatever was originally upon the 

bottom of the lake within the reach of the ice, whether 

boulders, sand, gravel, or mud, has been constantly carried 

toward the shore, where we find them collected in perfectly 

natural disorder, and forming a ridge just where the expan- 

sive power of the ice ceased. Below the line of freezing the 

same kind of material would of course remain unmoved 

upon the bottom, because there is nothing to disturb it. 

The real embankments are only found separating a piece of 

low land from the lake, because the material thrust out by 

the ice against the steeper banks, merely accumulates there 

upon the slope which rises above any such accumulation, 

and also, of course, above the high water line of the lake. 

In such cases the shore is often thickly studded with the 

boulders thrust against it, but the material meeting no such 

obstruction on a marshy side accumulates in circular ridges 
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around the lake, and these are the walls that have excited 

so much wonder. 
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The above diagram shows the relative positions of the embankments, the high 

and low water levels, and the lowest level of freezing. 

The embankments vary in height from two to ten feet, and. 

from five to twenty or thirty feet across the top, their size 

and outline varying according to the materials which com- 

pose them. If boulders were numerous upon the bottom, the 

adjacent embankment is largely composed of them; if sand 

prevailed, a broad, gentle, rounded embankment resulted, 

just such as might be expected from that material; and if 

mud, filled with the fibrous roots of water plants and sedges, 

were brought out by the ice, a steep, narrow embankment 

was formed, because such material will stand more erect in a 

ridge or embankment than sand and boulders will. Such 
embankments of fibrous mud are often found separating a 

peat-marsh from the lake which was once a part of it. These 

are erroneously cailed Beaver dams by those who forget that 

beavers never attempt to dam still waters; but dam running 

streams only, that they may have ponds of still water for the 

use of their colonies. : 

It has been observed that the embankments are often 

largest on the sides opposite the prevailing winds. This may 

be accounted for, at least in part, by the fact that the ice 

being burthened with the materials to which it had frozen 

fast, would be floated to those shores when the spring-floods 

had raised the water in the lakes; and in part also, by the fact 

that the dashing of the waves would be most constant and 

forcible against those shores. The objection that the material 

thus taken up and floated by the ice would be as likely to drop 

anywhere else as at the shore, loses force when it is remem- 

bered that wherever else they may drop they are subject to be 
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again removed by the causes before mentioned, but once 
dropped at the shore they remain there. 

Thus we see that the same natural force that brought the 

boulders down from their northern home, also placed them 

in the embankments of those lakes; namely, the expansive 

power of ice. 

These embankments are really very interesting natural 

-objects, and it is not strange that they have attracted much 

attention; but with a correct knowledge of natural forces it is 

difficult to understand how any person could suppose that 

human hands had anything to do with their construction. 

There is certainly nothing in the arrangement of the materials 

that indicates such an origin; and the liveliest imagination 

refuses to suggest any object for which human beings could 

have desired them, or to point out any evidence of human 

intelligence in their location and plan. 

10. SINKHOLES AND SPRINGS. 

Among the minor features that are found to mark the 

surface at some limited localities in the State, and which 

always arrest considerable popular attention, are small 

circular depressions known as sinkholes. They are almost 

without exception in the surface of the uplands, and only 

where these immediately border a valley in the sides of which 

limestone ledges or cliffs are exposed. 

The mode of their formation is this: the water which falls 

upon the surface finds its way by percolation down to the 

underlying strata, and through fissures and interstices in 

these, out upon the valley-side below, where it issues in the 

form of springs. A little of the fine surface material is 

constantly taken into the subterraneous passage by the water 

which falls upon-the surface, and is conveyed by it into the 

valley in the form of sediment. Upon the surface imme- 

diately above the point where the percolating water enters 

the fissure in the rocks, a depression is formed by the caving 

in of the surface material. Depressions thus commenced 

deepen by the same cause until the sinkholes are formed, 

| 
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having the shape of an inverted hollow cone, with a depth at 

the apex, sometimes reaching twenty or thirty feet from the > 

surface, and even more. Water accumulates in these sinkholes 

from every hard rain, but it soon drains out again through 

their subterraneous passages—hence their name of sinkholes. 

Sometimes they are larger than has just been indicated, and 

have miniature ravines leading into them through which little 

rills of water flow in time of rain. Just eastward from the 

town of Decorah, in Winneshiek county, a good sized creek 

empties into the south side of the Upper lowa river. About 

a mile up from the mouth of this creek, it is seen to issue from 

_ the abrupt end of its valley in the form of a huge spring, and 

is immediately set to work by an enterprising citizen to fur- 

nish power for a woolen factory. Going back from this point 

upon the undulating uplands, we come upon the creek valley 

again within about half a mile, and see the creek disappear 

beneath the surface in a depression, which is really a sinkhole 

on a large scale, with a constant stream of water running into 

it. With the exception of this half a mile of subterraneous 

passage, however, the creek is in all respects an ordinary 

one. It is the peculiar fissured and laminated character and 

great thickness of the strata of the age of the Trenton lime- 

stone, which underlies the whole region, and forms the valley- 

sides of its streams, that has produced this interesting 

phenomenon, and which also gives origin to numerous 

sinkholes along the upland borders of the Upper lowa 

valley. From the same cause, also springs of large size are 

very numerous in that valley, a number of which, since they 

have so great a fall, give sufficient water-power for small 

mills. . 

Springs, of course, issue from all formations and from the 

sides of almost all valleys, but they are more numerous and 

important when the underlying strata are of such a character 

as to facilitate the percolation of the surface-water down 

to a certain level there to be arrested, so that it will flow out 

upon the surface below. 
No mineral springs, properly so-called, have yet been 
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discovered in Iowa, but the water of artesian wells is 

frequently found charged with soluble mineral substances, as 

~ will be seen in the report of Prof. Emery, in volume two. 

11. CAVERNS. 

Although a large part of Iowa is underlaid by limestone 

formations, there are no caverns in the State that are remark- 

able as such; yet, in consequence of associated circumstances, 

some of those that do exist are worthy of mention in this 

connection. The most noted of.these are the lead caves of 

Dubuque and the ice-cave of Decorah. The lead-caves are 

usually mere vertical fissures extending through a great 

portion of the whole series of strata which constitute the 

Galena limestone formation. They vary in width from a 

mere fissure to two or three yards. They are very numerous 

and are fully described by Prof. Whitney, in his chapter on 

the Dubuque lead region in the former geological report. 

The /ce-Cave at Decorah is a vertical fissure in the face of 

the cliff of Trenton limestone that forms a part of the north 

valley-side of the Upper Iowa river. The fissure is nearly 

parallel with the face of the cliff, and seems to have been 

produced by a slight settling away of a portion of its face 

at the base, causing its slight separation from the solid 

portion. The fissure or cave is about one hundred feet long 

in all its windings, and varies from two to six or eight feet in 

width. Its height is irregular, as the two walls come together 

irregularly at the top. | 

The ice collects upon its bottom and upon its inner wall 

near its base, in the form of an encrusting mass. No water 

was seen flowing or accumulating anywhere; the ice seemed 

dry and well frozen, and was evidently accumulating at the 

time of our visit, (June 1st, 1869). The cave was cool and 

apparently dry, and no strong current was passing through 

it. The ice is said to be most abundant about midsummer 

and entirely absent in winter. 

The formation of the ice is probably due to the rapid 

evaporation of the moisture of the earth and rocks, caused by 
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the heat of the summer sun upon the outer wall of the fissure 

and valley-side. This outer wall is from ten to twenty feet in 

thickness where the ice was seen to be most abundant. The 

water for its production seems to be supplied by slow exuda- 

tion from the inner wall of the cave. 

Ice caverns, more extensive than this are known in various 

parts of the world, but this is, so far as now known, the only 

one in lowa, and has consequently excited much popular 

interest. 

11 
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SURFACE DEPOSIT Ms 

The surface deposits, which it is proposed to discuss in this 

chapter, are those to which the names of Drift, Bluff, and 

Alluvium have been applied; all of which rest upon or above 

the stratified rocks that form, so to speak, the foundation of 

our State. It is from these almost alone that our soil has 

been derived, and, covering the underlying rocks so generally, 

the materials of which they are composed are more familiar 

to our eyes than any others which enter into the composition 

of the earth’s crust. 

1. DRIFT. 

The deposit to which the name of Drift is applied, has a far 

wider distribution than any other surface deposit. It meets 

our eyes almost everywhere, covering the earth like a mantle 

and hiding the stratified rocks from view, except where they 

have been exposed by the removal of the drift through the 

erosive action of water. It forms the soil and subsoil of the 

ereater part of the State, and in it alone many of our wells 

are dug, and our forests take root. Occasionally it is itself 

covered by another deposit; as for example, by the Bluff 

Deposit of western Iowa, in which case, the latter forms the 

soil and subsoil. No other deposit, however, intervenes 

between the drift and the stratified rocks. 

Physical Conyposition. The drift is composed of clay, 

sand, gravel, and boulders, promiscuously intermixed, without 

stratification or any other regular arrangement of its mate- 

rials. It varies in character in different parts of the State, 
; 82 
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but the variation is principally due to the varying pro- 

portions of the component materials. These materials are 

always incoherent; that is, they are not cemented nor con- 

solidated into rock, but may always be excavated with more 

or less facility. All the materials of the drift being so 

intermixed, it is somewhat difficult to give any definite 

description of each, especially of the finer ones. Such 

descriptions, therefore, must be merely general. 

The clay of the drift, which is always present in greater or 

less proportion, is always impure; always finely dissemi- 

nated throughout the whole deposit, but not unfrequently, 

irregular masses of it are separated from the other materials. 

Its color is usually yellowish from the per-oxyd of iron it 

contains, and which when it is burned into bricks gives them 

their red color. 

The clay is frequently sufficiently separated from the other 

materials, to assume the peculiar fissured character which sepa- 

rates the mass into small, irregular, angular divisions, in 

which condition it is popularly called ‘‘joint clay.” Again, 

particularly within the limits of the coal-field, it has frequently 

the same character as that into which the clayey and shaly 

beds of the coal formations are seen to become weathered, 

where they crop out in the valleys of the streams of that 

region. 

Much of the so-called clay of the drift, and also of the soil, 

is however, not wholly a silicate of alumina, as true clay is, 

but it is often largely intermixed with more or less pure 

silica in a finely divided condition. Besides this, it usually 

contains varying proportions of the carbonates and silicates 

of lime and magnesia, the carbonates being much the most 

abundant. 

The proportion of lime in the drift of Iowa, is so great that 

the water of all our wells and springs is too ‘‘ hard” for wash- 

ing purposes; and the same substance is so prevalent in the 

drift clays that they are always found to have sufficient flux 

when used for the manufacture of brick. 

It is frequently the case, that the sand and gravel have 
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naturally combined with the clay in such proportions as to 

produce a mass of extreme hardness, which, together with the 

toughness imparted by the clay, renders its excavation almost 

as difficult as that of rock. 

The sand of the unaltered drift is seldom separated from 

its other materials in any degree of purity, but it is not unfre- 

quently the case that it exists in excess of the others; and in 

some cases small local accumulations or pockets of it are 

found, having a considerable degree of purity. The sand is 

quite variable as to fineness, and it sometimes approaches or 

grades into gravel. | 

The gravel of the drift is derived largely from rocks that 

are more or less purely silicious, but occasionally they are 

_ found to be of granitic composition. 

In southwestern Minnesota, the Sioux quartzite is often 

found in the form of beds of considerable thickness, composed 

of a mass of silicious pebbles, varying in size from coarse 

grains of sand to three or four inches in diameter. Such beds 

are not so hard and compact as the ordinary quartzite is, but 

the pebbles often separate with considerable facility ; although 

this, as well as the quartzite, has undergone metamorphism. 

In western and northwestern Iowa also, the Cretaceous sand- 

stones are found to contain beds of silicious pebbles scarcely 

cemented together at all. The pebbles of both these forma- 

tions are silicious and never granitic. 

From these sources, and also from the beds of rivers that 

existed upon the surface at the commencement of the Glacial 

epoch, it is believed a large part of the pebbles of the drift 

were derived. These of course were already formed as 

pebbles at the commencement of the Drift epoch, some having 

been worn in Azoic and some in Cretaceous seas; while 

others received their form in the beds of pre-glacial rivers. It 

is not denied that a part of the drift pebbles may have 

received their rounded form by glacial attrition, or other 

causes subsequent to the glaciers; but there can be no doubt 

that a large part of the drift gravel of Iowa existed as gravel 

before the Glacial epoch. Gravel constitutes only a small 



SURFACE DEPOSITS. 85 

proportion of the bulk of the drift, but it is always a charac- 
teristic constituent of it. 

Boulders constitute a very conspicuous and characteristic 

feature of the drift, although they form but a small pro- 

portion of the bulk of that deposit in Iowa, where its fine 

materials are everywhere greatly in excess of all others. 

The boulders of Iowa drift are composed of granite, quartzite, 

and limestone rocks; those of granite being much more 

numerous than all others in eastern Iowa, and those of 

eranite and quartzite both largely prevailing in the western 

part of the State. Limestone boulders are comparatively 

rare anywhere, but they are found most frequently in the 

middle portion of the State as one traverses it from east to 

west. The largest as well as the most numerous of the 

boulders are those of granitic composition. Occasionally 

these are quite large, reaching fifty tons in weight or 

upwards, but they are usually very much smaller than this. 

Although generally they have at least a somewhat rounded 

form, they seldom present any real appearance of having been 

water-worn as the pebbles have. Their rounded forms seem 

due rather to the concentric decomposition of the broken 

fragments of rocks, thus rounding off their angles; or to the 

somewhat concretionary character of the mass of which it 

was originally a part. This, it is thought, is particularly 

true of the granite, which is known sometimes to contain con- 

cretionary centres in which the rock is harder and more 

compact than the greater part of the mass is. 

Rare Substances and Fossils are sometimes found in the 

drift of Iowa. The fossils are always those of the older 

rocks, none of any kind having been discovered in it that are 

properly referable to the age of the drift itself. Lumps of 

copper, lead-ore, and even traces of gold, have been found in 

it. Also lumps of impure coal, pieces of wood, and other 

traces of vegetation. All these have been transported and 

are aS much strangers in lowa as the granite boulders are. 

Their origin will be referred to on a subsequent page. 

Distribution of the Drift. No evidence of anything like 
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general stratification, or successive changes in the vertical 

accumulation of the materials of the drift as originally 
deposited, has been observed in Iowa. Modifications of it, 

in some cases closely approaching true stratification, have 

taken place, but this was evidently subsequent to its original 

deposition, and will be presently noticed under the head, 
of Altered Drift. It may be remarked here, however, that 

the eye may occasionally catch a trace of a horizdntal 

arrangement of large pebbles and small boulders in such 

places, for example, as the face of a railroad excavation in 

the drift upon the high prairies of the State. This apparent 
modification probably has no direct connection with the 

more distinctly stratified altered drift of the valleys, but the 

subject will be again referred to further on. 

Neither the clay, sand, gravel, or boulders, are confined to 

any particular part of the deposit vertically, but either or 

all of them may occur at its base, middle or surface. 

Generally, however, the whole surface of the drift, especially 

that of the higher prairies, 1s covered with the finest 

materials alone, the coarse materials and stiff clays being 

usually covered from sight. This is particularly the case in 

eastern and southern Iowa, where boulders upon the higher 

surface are rarely seen, but in northern Iowa the higher 

surfaces sometimes have boulders and gravel exposed quite 

conspicuously upon them. 

The different materials of the drift have little more regu- 

larity in their geographical distribution than in their vertical 

arrangement, but that distribution, indefinite as some of its 

outlines are, throws considerable light upon the origin of the 

deposit. It may be said in general terms that in northern 

and northwestern Jowa the drift contains proportionally 

more boulders, pebbles, and sand, than elsewhere, and that 

in other parts of the State it contains proportionally more 

clay and other finely comminuted materials; yet in the 

first named region there is enough of the clayey material, as 

a general rule, to produce an excellent soil. Occasionally, 

however, the elevated ridges and knolls there have a poor 
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soil, composed of little besides gravel and scattered boulders; 

but such places are very small compared with the space 

occupied by good soil, and would hardly attract attention 

anywhere except in a region so fertile as Iowa. 

Boulders being more definite in their character than the 

other materials of the drift, we are able to make more satis- 

factory observations concerning their distribution. We find 

that they are more abundant in some places than in others; 

and also, that those having a certain composition prevail in 

some parts while such are entirely absent in others. Besides 

this, we find that in one limited part of the State, boulders of 

all kinds are almost entirely absent. The outline of this 

boulderless region may be approximately described as 

follows: 

Commencing upon the north line of Winneshiek county, go 

southeastward to the center of the west line of Clayton 

county, thence to the northwest corner of Jackson county, 

and thence to the Mississippi river, near Clinton, the space 

between this line and the Mississippi river, is the region referred 

to. Itisnotentirely boulderless, but boulders are exceedingly 

rare there. It is, however, by no means a driftless region; 

because the other characteristic materials of the drift are 

present, except upon some of the hills and in some of their 

_ valleys near the great river. Occasionally the drift clays are 

found to be of considerable thickness within this region. 

Going westward from this boulderless region, we find 

inmediately bordering and parallel with it, extending from 

Mitchell, to Cedar county, another region in which boulders 

are unusually prevalent as compared with other parts of the 

State. Even in this region, where boulders are most abun- 

dant, they are never so numerous as to constitute a blemish 

upon the fair surface, nor to cause any impediment worth 

naming to farming operations. 

After crossing the Des Moines river we find, in western 

Iowa, a variety of boulders that do not appear at all in 

eastern Iowa. These are of red quartzite, identical with the 

Sioux quartzite, and are distributed, in connection with the 
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common granite boulders, from the northern to the southern 

boundary of the State. 

In that portion of the middle third of the State, extending 

from its northern boundary to the city of Des Moines, 

occasional boulders and transported masses of light yellowish 

magnesian limestone are found. These are usually rare, but 

they have been found sufficiently numerous in some places to 

serve the first settlers with material for limited quantities of 

lime. 

With the exception of the quartzite and limestone boulders, 

all others of the drift of Iowa are of some of the varieties of 

granite, usually a reddish syenite. Even this variety varies 

considerably by the varying proportions of its characteristic 

minerals with occasionally slight additions of mica. 

The Drift Deposit varies much in thickness in different parts 

of the State. This difference is partly due to the original 

deposition, and partly to subsequent erosion. It is thickest 

all along the dividing ridge before described, which consti- 

tutes in great part the watershed between the two great rivers. 

Along this ridge it evidently reaches a depth of not less than 

from one hundred and fifty to two hundred feet. Itis known to 

reach a hundred feet in thickness in many other parts of the 

State, and with few exceptions, it covers the surface every where 

so deeply that wells or other artificial excavations very rarely 

reach the stratified rocks, unless made upon a valley-side. 

For this reason we have no present means of knowing what 

the real depth of the deposit is over a great part of the State. 

There are two principal regions in the State where the Drift 

Deposit is comparatively thin. One of these regions 1s trav- 

ersed by the Shellrock river, from the southern part of Worth 

county to the confluence of that stream with the Cedar; and 

the other is that portion of southwestern and western lowa 

which borders the Missouri river, and within which the Bluff 

Deposit rests upon the accumulation of drift. Itis true that 

the underlying strata are there covered deeply from view, but 

it is mainly the Bluff Deposit, and not the drift, that covers 

them. 
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These regions of varying thickness of the Drift Deposit, and 

varying distribution of its boulders, have a more or less 

definite northerly and southerly extension, so that as one 

goes westward across the State, he crosses them successively 

For example, starting from the Mississippi river in Clayton 

county, he has already crossed the boulderless region when 

he reaches West Union, in Fayette county, and he there enters 

upon the region in which boulders are more than usually 

abundant. Reaching the valley of the Shellrock, at Clarks- 

ville, he is in the midst of the region where the Drift Deposit 

is comparatively thin. From this point the drift gradually 

increases in thickness until he reaches the Great Watershed 

beyond the Des Moines, where it is evidently some two hun- 

dred feet thick. From the Great Watershed westward, it 

continues of considerable thickness to the Big Sioux, but 

crossing that river into Dakota, it is found to cover the Creta- 

ceous strata there only to a very slight depth. 

Again, if he starts westward on the line of the Burlington 

and Missouri River Railroad, he finds the drift to be of con- 

siderable thickness all the way, and reaching the dividing 

ridge in Union county, he finds indications that the drift there 

is upward of two hundred feet thick. Continuing westward, 

he finds it to diminish in thickness so rapidly and gradually 

that less than a dozen feet of it intervenes, in many places 

along the valley of the Missouri river, between the Bluff 

Deposit, which there overlies it, and the underlying rocks in 

situ. Occasionally in that region the drift is entirely 

wanting, the bluff material resting directly upon the stratified 

rocks. 

2. ORIGIN OF THE DRIFT. 

It is not proposed here to discuss at length the question of 

the origin of the drift, but as reports of this kind are expected 

to be more or less devoted to popular instruction concerning 

the principles involved in the statement of facts observed, 

brief explanations of that kind are here made. 
12 
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Every one who examines the drift attentively cannot fail to 

see that it is composed of more or less finely comminuted rock 

which existed in other forms prior to its accumulation as 

drift, and that the questions to be considered are: to what 

extent it has been derived from rocks that now underlie it, to 

what extent from rocks elsewhere, and by what agency was 

the comminution, transportation, and accumulation of the 

material accomplished. 

After long and extensive examinations of the drift in all 

parts of Iowa, no doubt remains that a large part—probably 

much the largest—of it was derived from rocks within the 

limits of the State, and very largely from the rocks that 
immediately underlie it. It is also just as certain that a 

considerable part of it, including nearly all its boulders, 

was derived from the region lying wholly beyond the 
northern boundary of the State. 

As to the means by which the drift has been accumulated 

and transported, the greatest number and most important of 

known facts warrant the belief that it was accomplished 

through the agency of ice, which, during the Glacial 

epoch, covered the whole or the greater part of the northern 

hemisphere, far enough to the southward to reach quite 

beyond the southern boundary of our State. This former 

wide-spread glacier has receded until the southern limit of 

its remnants is now quite within the frigid zone, and they 

are now producing phenomena there similar to those the 

effects of which we daily witness in the drift of Iowa. 

The Evidences of the Northern Origin of at least a large 

part of the material composing the drift, consists mainly in 

our ability to trace up the boulders it contains to their 

original ledges far to the northward, and also in the fact that 

they cannot be so traced in any other direction. This is the 

most tangible proof; but there is a vast amount of evidence 

which corroborates this, and nothing which disproves it. 

It is quite evident also that much of the finer material of 

the drift, as well as the boulders, is of northern origin, but 

as its identification would be doubtful or impossible we rely 
upon the identification of the boulders alone. 
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For example, profusely scattered in the drift of all 

western Iowa we find boulders of a very hard red quartzite 

intermixed with those of granitic origin. Following these 

northward we are able to trace them step by step until we 

come upon the original ledges from which they were derived, 

in the extreme northwestern corner of Iowa and the adjacent 

parts of Dakota and Minnesota. These ledges belong to the 

Sioux quartzite formation, described elsewhere in this report, 

and are the most southerly exposures of that formation yet 

known. Continuing northward into Minnesota we find these 

quartzite ledges to disappear, and the quartzite boulders also 

to disappear from the surface with them, while those of 

eranitic composition remain as plentiful as ever. Going still 

farther northward into the valley of the Minnesota river we 

find there extensive ledges of the same kind of granite as 

that of which the boulders are composed, and no doubt the 

same ledges from which a part, at least of our lowa boulders 

were derived. These granite ledges are found all along the 

valley of that river from Fort Ridgely to near its source, 

and similar granite is also known to exist in northern 

Minnesota, extending as far east as the Mississippi river. 

Therefore, we are not surprised to know that boulders of this 

granite are found in the drift of all parts of Lowa. 

But going back to southwestern Minnesota, near where we 

first found the Sioux quartzite in place, we are able to trace 

it eastward as far as New Ulm, a town on the Minnesota 

river, and no farther in that direction. Nowno red quartzite 

boulders are found in the drift of northern Iowa at any point 

eastward of a line directly south from New Ulm; but if a line be 

drawn from that town to Algona, onthe East fork of the Des 

Moines in Jowa, thence down the Des Moines river to the 

southern boundary of the State, it will describe approxi- 

mately the eastern limit of their distribution. It thus seems 

evident that the glacial current which transported these 

quartzite boulders, at least those along the eastern limit of 

the region they occupy, was not directly south, but that its 

general direction was a little east of south until it reached the 
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centre of the State, and there it then swept more directly to the 

southeastward. 

Again, occasionally in the central and eastern parts of the 

State we find loose masses of buff colored magnesian lime- 

stone in the drift, which, in addition to: its lithological 

identification with strata in Minnesota and northeastern 

Iowa, we have the evidence also of the contained fossils that 

they are identical with and derived from those ledges. 

Evidences of Glacial Origin. Drift scratches and other 

phenomena observed in relation to that deposit are regarded 

as quite unmistakable evidences of its glacial origin since we 

have become better acquainted with the character of the 

glaciers of Greenland and the Alps; but they are in reality 

no more so than the great fact of the existence of the drift 

itself, but which loses its force as an illustration on account 

of our familiarity with it, now that it is no longer associated 

with ice, and of our unfamiliarity with glaciers in action. 

The drift scratches are found both upon the upper surfaces of 

the rocks in their natural position and upon the flattened 

surfaces of the boulders themselves. The flattening of the 

surfaces, together with their scratches, were produced upon 

each respectively by rubbing upon each other, the boulders 

having been frozen firmly into the bottom of the glacier while 

it was moving over the ledges, 

The scratches vary in distinctness with the difference in the 

character of the rock acted upon. Upon limestone, the scored 

surfaces are usually quite flat and the scratches distinct. 

The scratches vary from mere lines to grooves of such a depth 

that one might lay his finger within them, all being as straight 

and parallel as the joints in a floor. Upon granite, the rock 

being harder, they are less distinct and deep, but still, they 

have the same general character. Those upon the Sioux 

quartzite are less distinct than any others on account of the 

extreme hardness of the rock, but yet they are quite unmis- 

takably of the same origin. 

On account of the friable character of a large part of the 

rocks of lowa,or the facility with which they become disinteg- 
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rated, the scratches and other traces of glacial action that were 

once doubtless abundant upon them, have to a great extent 

gradually become obliterated. For this reason, together with 

the fact that the drift so generally and deeply covers those 

surfaces which may be supposed to yet contain such traces, 

we seldom have an opportunity to observe them in our State. 

The only places where such scratches have been observed upon 

ledges of rock in Iowa, thus far, are upon the Burlington 
limestone—sub-Carboniferous—near Burlington; upon the 

Upper coal-measure limestone, in Mills and Pottawattamie 
counties, and upon the Sioux quartzite in Lyon county. 

Boulders, having their sides flattened and striated are how- 

ever found in various parts of the State, and at great distances 

from the localities just mentioned. 

We observed a very interesting fact in southwestern Minne- 

sota in connection with the glacial-scored surface of the Sioux 

quartzite. This rock, as before said, is intensely hard, almost 

glassy in fracture, and has the peculiarity of containing 

numerous vertical fissures at right angles to the plane of 

stratification. These fissures or cracks were observed to have 

their angles splintered in a peculiar manner when their direc- 

tion was eastward and westward. If in other directions, 

particularly northward and southward, they were compara- 

tively intact. These fissures are really but mere cracks, the 

vertical faces being only very slightly separated, so that they 

form sharp right angles with the upper surface. These angles 

were found to be unbroken upon the distal or southern side of 

the cracks, but on the northern or proximal side the angle was 

alwas chipped off, as if by the presence of some ponderous, 

southerly-moving, unyielding body, the chips remaining in 

the fissure. It is only in such hard and glassy rock as this 

that such effects could be produced, or that would admit of 

such distinct preservation after they were produced. The 

instruments which produced this smoothing, scoring, and 

chipping of the quartzite, were the granite boulders which were 

frozen firmly into the bottom of the glacier that once moved over 

it, and the power was the moving glacier itself. These granite 
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boulders we found there with their sides also flattened and 

scored by the contact, resting upon the surface of the 

quartzite; thus, as far it was possible, we detected them in 

the very act of producing the effects we have described. This 

scoring and chipping of the rocks in place is regarded as not 

only satisfactory evidence of glacial action, but also of the 

southerly movement of the glaciers. 

Direction of Glacial Currents. Speaking in general terms we 

say that the movement of the glaciers was from north to south; 

but the distribution of the boulders which were derived from 

any particular northern point or region, shows that the current 

or currents in which they were transported varied from a true 

north and south line. So also we find the direction of the 

strie or scratches which the glaciers have produced to have 

been various, and considering that the country is, and has 

always been without strongly marked surface-features that 

would have necessarily deflected the ice-currents, the great 

variation from a south line in the direction of‘ some of the 

strize is quite remarkable. 

The direction of the striz observed upon the Burlington 

limestone, near Burlington several years ago, was found to be 

south,* about twenty-two degrees east.t The locality in Mills 

county, described in-another part of this report, is upon 

section 16, township 71, range 43 west, being upon the borders 

of the valley of the Missouri river and about twenty miles 

below Council Bluffs. Here there are two distinct sets of 

scratches upon the same surface and crossing each other, 

showing that the current was changed while the glacier was 

moving over it, or that one of two neighboring currents over- 

powered and displaced the other. One set has a direction 

south, twenty degrees east, and the other, south, fifty-one 

degrees east. The striae of both sets were found to be, as is 

* As we have such unmistakable evidence that the glaciers moved from the north, we 

always take the most southerly end of the strie to indicate the direction in which the 

glacial current was moving at that particular place. 

+No allowance is made in any of these cases tor the variation of the magnetic 

needle, which the local surveyors in the Missouri valley estimated at 11° east of north. 
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usually the case, perfectly parallel with their fellows, distinct 

and straight. 

An exposure of the same limestone on the Nebraska side 

of the Missouri river, opposite Council Bluffs, and only some 

six or eight feet above the ordinary stage of water in the 

river, shows similar scratches. These, however, have a very 

different direction from any of the others, it being south, 

forty-one degrees west. Those observed upon the Sioux 

quartzite in southwestern Minnesota and the adjacents parts 

of Iowa and Dakota, have various directions, usually east of | 

south, from ten to twenty degrees. 

It is of course not supposable that the glaciers had a uni- 

form movement to the south, even if we had no evidence to the 

contrary, for it is evident that their currents would be more or 

less deflected from that direction by the inequalities of surface 

over which they passed. On the contrary, we have abundant 

evidence that the currents of the glaciers were numerous and 

various in their directions, even in so flat and open a country 

as ours; but what was the cause that actually did determine the 

direction of those currents in every case we may never know. 

Our observations, however, show certain coincidences that are 
worthy of mention, but they are not presented as anything 

like conclusive evidence. By referring again to the degrees 

of divergence of each of the sets of strize just described, it 

will be seen that those of the set near Burlington coincide 

pretty nearly in direction with the general direction of the 

streams of the eastern system of Jowa drainage. Those of 

the set which were observed opposite Council Bluffs coincide 

quite as nearly with the general direction of the streams of 

the western system; while the two sets observed upon the 

same surface in Mills county, represent currents which, at that 

point at least, are approximately coincident in direction res- 

pectively, with the general course of the Missouri and Platte 

rivers. 

It is not impossible that these currents of the great wide- 

spread glacier, which it is assumed in former times, spread 

over the surface of the State, and the currents of the present 
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- gtreams are not only coincident but also that they were both 

determined by a common cause. It is evident, however, that 

we cannot rely upon the direction of glacial scratches at any 

one particular point to indicate the general direction of former 

glacial currents, because these may have changed a few 
degrees within the distance of as many miles, even in 

the flattest country, so that the most reliable indications 

we can ever hope to obtain of the direction taken by those 

glacial currents must be derived from a study of the dis- 

tribution of the materials they have transported. At present 

this subject is not well understood and needs long and 

careful study; but a few facts, however, have been brought out 

with considerable clearness during the last two or three years 

of the Geological Survey. Among these are the known dis- 

tribution of red quartzite, granite, and limestone boulders 

before explained; but we have observed other facts that do 

not now admit of so complete an explanation as these do, 

and yet further investigation will doubtless cause them to be 

as clearly understood as the others. This refers especially to 

the discovery in the drift of substances that, however well 

satistied we may be as to the places of their origin, we do not 

know it so positively as we do those of the boulders before 
mentioned. 

Native Copper has been found in the drift in various parts 

of the State. It occurs in irregular lumps of a few ounces or 

a few pounds in weight. One lump found in Lucas county 

by Col. W. 8S. Dungan, of Chariton, weighed upwards of 

thirty pounds. These specimens are in all respects like the 

native copper of the Lake Superior mines, and this region 

is the only one known to us in which they could have 

originated. If they did originate there the fact imples the 

existence of a glacial current, during some part of the Glacial 

epoch, having a southwesterly direction, and at right angles 

with the one supposed to have coincided with the eastern 

drainage of lowa. 

Lead Ore. Fragments of the common sulphuret of lead 

have also been found in the drift, but these are quite rare. 
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They were provably derived by glacial action from the 

Dubugue lead region. 

Gold. Traces of gold are reported to have been found 

in the drift of Iowa, and such no doubt exist. If so, it 

may be supposed to have originated in northern Minnesota. 

It seems almost unnecessary to say, what every person may 

be expected to infer, that the existence in the drift of any 

of these substances is no indication whatever of the existence 

in the vicinity where they are now found, of natural deposits 

of the same metals or minerals. ~ Neither is there any 

reason to hope that any of them will be found in the drift of 

Iowa in sufficient quantity to pay for the trouble of seeking 

for them. 

Coal. Lumps of impure coal have frequently been found 

in the drift of northern Iowa, so much to the northward of 

the northern boundary of the Iowa coal-field, that its origin 

in that coal-field is not believed to have been possible. It is 

known that a bed of impure coal, a few inches in thickness, 

exists among the Cretaceous strata of northwestern Iowa 

and southwestern Minnesota. This bed is believed to be the 

real origin of the coal found in the drift of northern Iowa. 

Unless that formation extended much farther eastward in 

pre-glacial times than it does now, the existence of these 

lumps of coal in the drift where we now sometimes find it, 

pre-supposes a southeasterly direction of the current which 

transported it. 

Wood. Pieces of wood are frequently found in the drift 

of different parts of the State, by digging’ wells and other 

excavations. They have not only been found in the Altered 

Drift and Alluvium, but also in the unaltered drift. This 

wood must have been of pre-glacial origin, because we 

cannot suppose that trees grew in Iowa during the Glacial 

epoch, any more than they now grow in the glacial region of 

Greenland. These pieces of wood are not petrified, but are 

always so far mineralized that they are but slightly, if at 

all, combustible. Every piece thus far examined by the 

microscope, shows the peculiar structure of coniferous wood 
13 



98 PHYSICAL GEOGRAPHY. 

in a good state of preservation. This wood had its origin to 
the northward of where it is now found without doubt, but 

exactly where and how far, we can probably never know. 

Fossils. No fossils of any kind have been found in the drift 

of Iowa which may be said to properly belong to it. Those 

found in it belong to other formations, and have been trans- 

ported from their original strata together with the other 
materials of the drift. Mr. P. MclIsaac, of Waterloo, Iowa, 

has shown me a specimen of a Cretaceous Ammonite which he 

found inthe drift near that place, and a fragment of a Baculite 

has been found in the drift near Iowa City. Coal-measure 

fossils have been found in boulders in Des Moines county, and 

Lower Silurian fossils have been previously mentioned as occur- 

ring in the limestone drift-boulders of central Iowa. Some 

shark’s teeth have been found in the drift of southeastern 

Iowa, and supposed by others to have originated in a northern 

prolongation of the Gulf-border Tertiary formations; but it 

seems not improbable that they originated in the Cretaceous 

strata to the northwestward, and were transported thither dur- 

ing the Glacial epoch; although, it is not to be denied that they 

approach more neatly to Tertiary than to Cretaceous forms. The 

last indication of glacial action we shall notice here, is that of 

Moraines(?) The phenomena here referred to with doubt as 

moraines, may be properly regarded as of doubtful character; 

but yet, they are nevertheless well worthy of notice. They 

seem at least to be accumulations of drift material which 

mark periodical arrests of the recedence by melting, of the 

glaciers to the northward as the Glacial epoch was drawing to 

a close, as a consequence of a gradual change of climate. 

They consist of two well-marked but slight elevations in the 

general surface of the country. They both have an easterly 

and westerly direction, and are gradually lost at either end 

in the general prairie surface. One of them extends through 

the northern part of Boone and Story counties, and is known 

to the inhabitants as ‘‘ Mineral ridge.” It consists to a con- 

siderable extent of a collection of slightly raised ridges and 

knolls, sometimes interspersed with small, shallow ponds; 
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the whole having an elevation probably nowhere exceeding 

fifty feet above the general surface, but being in an open 

prairie region it attracts attention at considerable distance. 

It is composed wholly of drift, and it is perhaps needless to 

say, that it is not likely to yield any ‘‘ mineral” to explorers, 

as its name might suggest a hope for. 

The other ridge extends from the eastern part of Palo Alto 

county through Kossuth into Hancock. The greater part 

of this ridge has the general, but indistinct character of a 

terrace, facing the south, and elevated only from fifteen to 

twenty or thirty feet above the general level of the surface to 

the southward, while the general level to the northward 

stretches away from the top of it. It is nowhere very 

distinctly marked even in so flat a region as this, but yet it is 

sufficiently so to have caused its existence to become generally 

recognized by the inhabitants. Its eastward extension into 

Hancock county becomes broken up into a well-marked strip 

of ‘‘ knobby country.” Here it consists of elevated knobs and 

short ridges wholly composed of drift, and usually containing 

more than an average proportion of gravel and boulders. 

Interspersed among these knobs and ridges are many of the 

peat marshes of that region. One knob in the extreme north- 

eastern corner of Hancock county, is well worthy of especial 

notice on account of its height. It is visible above all the 

others, and at considerable distances in the country around. 

Jt is estimated to be at least three hundred feet above the 

water of Lime creek, near which it is located. It is a 

conspicuous object in the region around, and is called “ Pilot 

Knob,” by the inhabitants. Some other matters relating to the 

drift, but more especially local in their character, will be 

referred to in the chapters on County and Regional Geology. 

Close of the Glacial Epoch. What was the real condition 

of the surface previous to the Glacial epoch we can never 

fully know; but its features were certainly largely obliterated 

by the action of the glaciers and the accumulation of the drift, 

so that at its close the surface of our State was comparatively 

a uniform level, unmarked by strong features and without a 
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completed system of surface drainage. That the waters 

derived from the melting of the receding glaciers modified 

the surface of the drift to a considerable extent is quite 

certain; but how far they did so or how much the present 

condition of the surface between the valleys is due to such 

modification, and how far it remains now in the condition 

in which the glaciers left it, seems impossible to determine. 

There seems very little reason to doubt, however, that much 

of the surface of Iowa is now essentially in the same condi- 

tion that it was left at the close of the Glacial epoch. 

We may safely assume that after the recedence of the 
glaciers, which was, of course, accomplished by a change of 

climate, and before the surface waters had formed new valleys 

for the present rivers, or re-excavated for themselves the old 

valleys which existed before the Glacial epoch, but which 
became filled by the drift, numerous shallow depressions 

existed upon the surface. These filling with water from the 

rains or melting ice, became ponds and lakes, some of which 

exist at the present day, but the majority have doubtless 

become drained. If these depressions were longtitudinal or 

connected in chains, as many of them doubtless were, they 

would have given initial direction to the future rivers, and 

become drained by their deepening valleys so that no trace of 

them would remain. Those lakes and ponds that now exist 

are mostly found in the regions where the streams have their 

rise; many of them rest directly upon the watersheds. They 

have remained because no accumulation of water beyond has 

sent currents across them to cut channels for their outlet. A 

part of these have been described under the head of Lakes, 
and a part of them will be found referred to under the head 

of Peat, in another part of this report. 

The depressions in the primitive drift surface here more 

especially referred to, were all comparatively shallow; but 

one of extraordinary size and depth existed upon the western 

border of the State. Like the others, it became filled with 

water as the glaciers receded, and afterwards filled with its 

own sediment. This sedimentary formation is described 

under the head of Bluff Deposit. 
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2. ALTERED DRIFT. 

It has already been shown that the drift as originally 

deposited was a heterogeneous accumulation of various mate- 

rials, without any arrangement of them into strata, or any 

regular separation of them from each other. The greater 

part of it remains to this day in apparently the same con- 

dition in which it was left by the glaciers; but the waters 

resulting from the latter as they receded by aggressive 

melting along their southern borders, together with such as 

constantly fell and still falls upon the surface, have produced 

a certain degree of modification in a part of it. This modifi- 

cation consists in the production of more or less horizontal 

arrangement of its materials, or a more or less complete 

separation of them from each other. 

The materials thus modified we designate as Altered Drift; 

restricting the use of the term, so as to apply only to such 

materials as have been re-arranged but not transported to 

any considerable distance since their accumulation as drift. 

This restriction seems necessary, because reference is here 

had only to the Altered Drift as it appears in the valleys, and 

where it is sometimes difficult to define the limit between it 

and the unaltered drift on the one hand, and between it and 

the alluvium on the other. The truth is, in the valleys these 

surface deposits are all composed of or derived from the 

same materials and differ from each other only in the degree 

to which their materials have been disturbed, separated, or 

re-arranged since their original accumulation.* 

Some good examples of the Altered Drift may be seen 

along the base of the bluffs which border the flood-plain 

*Tt will be observed that little reference is here made to the alteration of the drift 

that must have taken place upon the surface immediately upon the close of the 

Glacial epoch, and before the river valleys were excavated, There seems to be Some 

evidence that this modification was almost co-extensive with the deposit itself, and 

that those cases of indistinct stratification upon the high prairies before mentioned, 

are a part of the same wide-spread modification which the original deposit may be 

supposed to have received. Prof. St. John reports observations in central and western 

Towa which led him to some such conclusion. Much further observation is necessary 

before a complete knowledge of this subject can be obtained. 
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of the Missouri river. The stratification there is sometimes 

very distinct, and in some instances the limy water that 

issues upon it from the Bluff Deposit has so cemented the 

sand and gravel together that it has thereby produced real, 

although worthless, sandstone and conglomerate, the beds 

of which are so regular as to have caused many persons to 

mistake them for outcrops of regular ledges of rock. These 

examples of Altered Drift along the bluffs of the Missouri 

river are unusually distinct. 

Other examples of the more slightly Altered Drift may be 

seen in the valleys of almost any of the rivers of the State 

that have attained considerable size. They are particularly 

observable in those valleys that have been eroded out of the 

drift alone, such as those of Rock river and the upper part 

of the Little Sioux; those of the upper branches of the Des 

Moines, etc., the bottoms of which to a great extent do not 

consist of Alluvium, properly so-called, but of Altered Drift, 

often only slightly modified. 

Another phase of the Altered Drift, as included in these 

descriptions, may be seen near the mouths and confluence of 

rivers. Here the alteration is greater, and approaches the 

alluvium in character. Sometimes upon the sides of valleys 

the Altered Drift assumes somewhat the form of river terraces, 

but they are really quite different in composition. The river 

terraces are always composed of finer materials, and are 

atways free from boulders, while the others may contain both 

gravel and boulders in comparative abundance. 

3. ALLUVIUM. 

The deposit here designated as Alluvium is that which has 

accumulated in the valleys of rivers by the action of their 

own currents. The materials composing it are all derived 

from the rocks or deposits out of which the rivers have eroded 

their valleys, and consequently it has all been transported to 

a greater or less distance by their waters. It is this deposit 

that always constitutes the flood-plains and deltas of our 

rivers, aS well as some of the terraces of their valleys. Some 
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of these terraces, particularly those occupying comparatively 

high levels in the valleys, have been deposited in stiller waters 

than those of the rivers as they now flow. The material of 

these latter terraces is fine and silt-like, and will be more 

particularly referred to on a subsequent page. The Alluvium 

proper is largely composed of sand and other coarse mate- 

rials, but some of the best and most productive soils in the 

State are upon that deposit. Besides being an inseparable 

feature of our river valleys, the Alluvium has a certain degree 

of interest as being the latest of all the deposits, and is even 

now in process of deposition. 

4. THE BLUFF DEPOSIT. 

The bluffs which border the broad flood-plain or bottom 

land of the Missouri river, along all that part of its course 

_ which forms the western boundary of Iowa, are so peculiar in 

character and appearance that they cannot fail to attract the 

attention of every one who sees them for the first time. Their 

strangely and beautifully rounded summits, occasionally 

mingled with sharply cut ridges, smooth and abruptly retreat- 

ing slopes, and the entire absence of rocky ledges, except in 

rare instances when they appear only at their base, cause 

them to present a marked contrast with those of the Missis- 

sippi and other rivers of the eastern part of the State where 

rocky ledges support and compose the greater part of their 

bulk. 

From the mouth of Big Sioux river to the southern boundary 

of the State, these bluffs present a continuous, serrated and 

buttressed front to the flood-plain of the great river, from 

which they rise abruptly to a maximum height in different 

‘parts of the line, varying from one hundred to little less 

than three hundred feet. Although the front they present is 

so definite and continuous, it is nevertheless frequently and 

deeply cleft, not only by the tributaries of the great river, but 

also by small creeks and short ravines that drain the surface- 

water from the uplands beyond, in which the bluffy character 

is soon lost. 
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Sometimes the bluff-range, departing a little from the 

general direct line, presents a full crescentic front to the plain 

with an arc of several miles in length. Such, for example, 

are seen at the town of Crescent, and again about seven miles 

southward from Council Bluffs. At these p!aces, their peculiar 

outlines are shown in an interesting manner, and the form and 

arrangement of the numerous rounded prominences present 

views of impressive beauty as they stretch away in the dis- 

tance or form bold curves in the line of hills; while the broad 

flood-plain of the Missouri river, level as a floor, stretches 

miles away to the westward to meet the turbid stream near 

the line of bluffs which borders the western, as those of Iowa 

do the eastern side. Trees often fill the sides of their deeper 

ravines or skirt their bases, but usually their only covering 

is a growth of wild grasses and annual plants; and, as the 

mound-like peaks and rounded ridges jut above each other, 

or diverge in various directions while they recede upward to 

the upland, the setting sun throws strange and weird shad- 

ows across them, producing a scene quite in keeping with 

that wonderful history of the past of which they form a part. 

The accompanying sketch of a smaller one of these curves 

in the line of hills known as Sergeant’s bluff, is taken from a 

point about two miles below Sioux City.* 

General Characters. Upon near approach to these bluffs, we 

find that their peculiar features are due to the no less peculiar 

character of the material of which they are composed, either 

wholly or in part. When not wholly, that material which 

differs from the great bulk appears only at the base and does 

not modify their outlines. It is very distinct in character 

from any other formation or deposit in the State; but is very 

similar to that deposit in the valley of the Rhine, known 

there by the provincial name of “loess.” It was called 

‘* silicious marl” by Dr. Owen, in his geological report to the 

* The plain between the two extremes of the crescentic line of hills as shown in the 

picture is a part of the Missouri river flood-plain, and has some historic interest as the 

death-place of Sergeant Floyd, a member of the famous Lewis and Clark Exploring 

Expedition. 
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general government; and its origin rightly referred by him to 

an accumulation of sediment in an ancient lake which was 

afterward drained when its accumulated sediment became dry 

land. By Professor Swallow, State Geologist of Missouri, 

who examined the deposit in that State, where it is continuous 

with the same in lJowa, it was given the name of “ bluff.” 

This term, as a specific name for the deposit, is not unobjec- 

tionable, but it is not easy to find one that every person would 

consider to be better. Neither is it often expedient to change 

established names, therefore, that of Professor Swallow is used 

in this report; although it is thought that the term Zacustral 

Deposit would have been better, as it 1s expressive of the mode 

of its origin, and would accord with such accepted terms as 

Alluvial, Diluvial, &e. 

The material of this deposit is perfectly homogeneous in 

composition and uniform in color throughout, even where it is 

two hundred feet thick. Specimens taken from the bluffs at 

Sioux City, and compared with specimens from the bluffs upon 

the southern boundary of the State, although nearly a hundred 

and fifty miles apart, are not distinguishable from each other. 

It is of a slightly yellowish ash color, except where darkened 

by decaying vegetation; very fine and silicious but not sandy, 

strictly speaking, for by the unassisted eye one can hardly 

discover it in particles of granular silicious matter, so coarse 

as to deserve the name of grains of sand. At the surface it 

forms excellent soil, and if taken from a depth of two hundred 

feet from the surface it proves to be equally fertile. Although 

the material is so finely comminuted, it is not very cohesive 
and not at all plastic, and the soil composed of it does not 

‘‘bake” or crack in drying, nearly so much as that which 

contains an appreciable amount of clay in its composition. 

The following is in part the result of Prof. KEmery’s analysis 

of a sample from Sioux City—a full account of which will be 

found in his report on another page. 
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The silica is in the form of clean, white microscopic grains 

of sand, which, as will be seen, constitute the greater part of 
the deposit. 

That it contains much lime is also apparent from the 

presence of numerous calcareous, concretionary lumps, some- 

what resembling pebbles in shape and size, which are 

generally distributed throughout the mass. It is also shown 

in the abundant accumulation of calcareous tufa, around 

the springs which issue in considerable numbers at the base 

of the bluffs just where this deposit rests upon the drift. 

The water of these springs has fallen upon the surface, and 

percolated through the whole thickness of the Bluff Deposit, 

and escapes laterally in the form of springs upon the less 

pervious drift. Rain water always contains at least a minute 

quantity of carbonic acid dissolved in it, and after it has 

penetrated the air cavities of porous earth, much more. This 

renders some of the carbonate of lime which the deposit 

contains slightly soluble. When the water, holding this 

excess of carbonate of lime in solution, reaches the atmos- 

phere it becomes precipitated there in the form of the tufa 

before referred to. It is the lime thus precipitated which 

cements the sand and gravel of the Altered Drift in those 

localities, which have been mentioned on a previous page. 

Except the limy concretions before mentioned, not a stone 

or pebble of any kind is to be found in the whole deposit, 

but all is uniformly fine and homogeneous. 

Physical Properties. Some of the physical properties of 

this deposit are so unusual that they merit especial mention. 

When itis Known that there is no rocky support to these 

Missouri river bluffs, although they are frequently so steep 

that a man cannot climb them, it is very apparent that the 

material composing them is different from the earth ordinarily 

met with, and which it resembles upon its ordinary surfaces. 

Its peculiar property, however, of standing securely with a 

precipitous front, is best shown in artificial excavations. For 

all practical purposes of building-foundations, even of the 

most massive structures, and for roads, etc., the ground it 

— 
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composes is as secure as any other, yet it is everywhere easily 

excavated with the spade alone. Notwithstanding this fact 

it remains so unchanged by the atmosphere and frost, that 

wells dug in it require to be walled only to a point just above 

the water line; while the remainder stands so securely without 

support of any kind, that the spade-marks remain visible 

upon it for many years. Embankments also, upon the sides 

of roads or other excavations, although they may be quite 
perpendicular, stand for many years without change, and show 

the names of ambitious carvers long after an ordinary bank 

of earth would have softened and fallen away to a gentle 

slope. Lime kilns, fashioned entirely out of this material, 

even including the fire-arch, have been carved in the side of a 

hill by*the spade, and used for burning lime during a whole 

season or longer, without any interior or exterior wall or 

other support. of any kind. Even potters’ kilns have been 

thus constructed and successfully used. For such purposes a 

place is selected which is unusually dry, such as a narrow 

ridge from which all water falling upon the surface is rapidly 
drained away. In some instances small, temporary stables, 

or cattle-shelters have been excavated in the side of steep 

banks, and used for a few years, the roof standing with 

considerable security in the form of an arch. Indeed so 

securely does the material of this strange deposit remain when 

excavations are made in it, and so easily is it excavated that 

subterranean passages of many miles in length might readily 

be constructed in it without meeting any impediment. Any 

fortifications built upon these hills, which form a continuous 

line along the greater part of the western border of Iowa, if 

future emergencies should ever require them, might be readily 

undermined by digging such subterranean passages; and if 

there were any cause or use for such works, catacombs might 

be successfully constructed in any of them that would rival 

those of ancient Rome. Beyond the influence of the atmos- 

phere, they would probably endure as long as they. 

The peculiar property possessed by this material, of 

standing unchanged in form when exposed to the weather, 
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is doubtless due to the slight cementation of the minute 

grains of silica which constitutes so large a part of it. This 

is effected by the partial solution of its carbonate of lime by 

the carbonated waters which fall upon and percolate it as 

before mentioned, and the reprecipitation of the same in 

those parts nearest the exposed surfaces, whether artificial 

or natural. The cementing material thus formed, is never 

sufficient in amount to interfere with its porosity, for this is 

another of its peculiarities. The cause of its being so per- 

vious to water is no doubt due to the distinct granular form 

of its silex although so minute, and the fact that the minute 

grains are not compacted and rendered coherent by impalpa- 

ble clayey matter. Thus water passes through it just as 

effectually as though ordinary sand, but not so quickly. 

That the deposit is very pervious to water may be readily 

seen by observing the line of springs that issue at its base 

near the foot of the bluffs, and nowhere above that line. 

That it is so pervious, also appears from the fact that wells 

dug in it, so far as has, yet been ascertained, have never 

afforded a supply of water until the base, or very near the 

base of the deposit was reached. Often the whole thickness 

of the deposit must be passed through in digging the well, 

and the water when found, is obtained in the sandy or 

gravelly drift which everywhere underlies the Bluff Deposit. 

It will thus be seen that this strange deposit, although it is 

compact, has the property of being very porous, so that the 

water which falls upon its surface never collects there in 

ponds, nor does it accumulate within its mass as it is known 

to do upon the surface of and within the drift and the 

stratified formations. Consequently, there is great risk that 

wells dug in its deepest parts must necessarily be dug to an 

impracticable depth before reaching water, for a well two 

hundred feet deep would hardly be practically useful. 

Where the deposit is thinner, however, it may be entirely 

pierced, and water obtained at little if any more than the 

ordinary depth required in the drift deposit alone, which 

forms the surface of the greater part of the State. Although 
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water does not accumulate in the Bluff Deposit, it should not 

be inferred that it is not always moist, for it always contains 

sufficient moisture to give it the ordinary coherence of common 

soil even at the surface; and crops growing upon it suffer no 

more from drought than they do upon any other soil. Asa 

soil, it has the additional advantage of being constantly and 

completely underdrained. 

Physical Features of the Region. Hitherto the Bluff 

Deposit has been spoken of in relation to the character and 
aspect it exhibits in and near the range of bluffs that border 

the flood-plain of the Missouri river. It now remains to 

speak of the physical features of the region occupied by the 

deposit, in a more general way. 

In this connection it will be necessary to give some account 

of the geographical extent of the region it occupies, together 

with its Known thickness, when that has been ascertained. 

The limits of this area have nowhere been ascertained with 

absolute accuracy, but these may doubtless be defined with 

as much precision as we can define the exact limits of any 

of the formations which underlie the drift. The difficulty of 

defining its limits arises from its gradual passage into the 

fine top soil of the drift, or rather from the fact that the finely 

comminuted, humus-stained soils of both deposits are so 

nearly alike in aspect when unbroken by natural or artificial 

excavation, that it is difficult to say where one ends and the 

‘other begins. However, the following outlines are assumed 

to be not far from its eastern and northern limits in Lowa: 

Commencing at the southeast corner of Fremont county, 

follow up the watershed between the East Nishnabotany and 

the west Tarkeo rivers to the southern boundary of Cass 

county, thence to the centre of Audubon county, thence to 

Tip-Top station on the Chicago and Northwestern railway, 

thence by a broad curve westward to the northwestern corner 

of Plymouth county. The last named point is probably 

very near the most northerly-one to which the deposit any- 

where reaches, certainly the most northerly one to which it 

reaches in Iowa. Less is known of its nothern limits in 
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Dakota and Nebraska, and of its western limits in the 

latter State and Kansas. It is known, however, to extend as 

far west as the valley of the Elkhorn in Washington county, 

Nebraska, some twenty-five or thirty miles west of the 

Missouri river. There is reason to believe also that it 

occupies a continuous region of an equal average width, 

bordering that great river, and extending as far south as 

Kansas river. In Missouri, it occupies a large area adjoining 

that of lowa, the whole having been, originally, an united and 

continuous deposit before the Missouri river had eroded its 

valley out of and through it. What its southern limits are 

is not known, but it is reported by Prof. Swallow, of Missouri, 

to extend far down into that State. 

The Bluff Deposit is thus known to occupy a region through 

which the Missouri river runs almost centrally, and measures 

as far as is now known, more than two hundred miles in 

length and nearly a hundred miles wide. 

The thickest part of the deposit yet known is in Fremont 

county, where it reaches a thickness of at least two hundred 

feet above the drift. There is reason to believe that its 

thickest part is in the immediate vicinity of the valley of the 

ereat river, because it occupies almost equal areas on each 

side, and thins out in all directions from it to the outer 

margins of the deposit. The whole height of the blufis in 

Fremont county, is at one or more points about three 

hundred feet above the flood-plain of the Missouri river; but 

in that case one hundred feet of itis made up of the Upper 

coal-measure strata and drift which supports the Bluff 

Deposit. Going northward from that county along the line 

of the bluffs, the Upper coal-measure strata are seen for the 

last time, in that direction, at their base a few miles noith of 

Council Bluffs. The next stratified rocks to be found by con- 

tinuing northward, are of Cretaceous age. These are found 

occupying the base of the bluffs in Woodbury county, first 

appearing at the town of Woodbury, seven miles below Sioux 

City. The distance between the most southerly point in the 

line of bluffs at which the Cretaceous strata are exposed, and 
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the most-northerly point at which the strata of the Upper coa!_ 

measures are found, is fully seventy-five miles. Along this 

entire distance no rock is to be seen, and only occasionly can 

the presence of the drift be detected. Beyond these two 

points in either direction, the strata appear so seldom, and so 

near the base of the bluffs, and the exposures are so small 

that they never modify the peculiar aspect which the Bluff 

Deposit imparts to the bluffs everywhere. 

Sometimes the presence of the drift may be detected 

at the base of the bluffs by an indistinct terrace, but usually 

its presence is known only by the appearance of clay, sand, 

or gravel upon the surface, and by the issuance of springs. 

Along a great part of the whole line, the drift is evidently 

beneath the level of the great flood-plain, because nothing 

but the material of the Bluff Deposit appears to view from 

base to summit of the bluffs. 

The drift is evidently very thin where the Bluff Deposit 

is thickest, and the latter has been deposited in a broad 

depression hollowed out of the general surface, principally in 

the drift alone. The topmost strata of the Upper coal- 

measures are, however, occasionally found scored by glaciers, 

which indicates that the hollowing process extended into the 

stratified rocks also. Indeed the drift is nowhere known 

to be very thick in the vicinity of the Missouri river, and in a 

couple of instances at least the Bluff Deposit was found 

resting directly upon the limestone. Within twenty-five 

miles east of the eastern border of the Bluff Deposit there 

is evidence that the drift reaches a thickness of about two 

hundred feet. 

The valleys of all the streams of western Iowa, which reach 

the flood-plain of the Missouri river within the State, traverse 

the region occupied by the Bluff Deposit. The streams and 

their branches not being very far apart, the surface is often 

much broken; but it nowhere presents those peculiar outlines 

that are so striking a feature of the bluffs of the Missouri 

river. The valleys being of considerable depth, and not 

far apart, the aggregate slope from the watersheds to the 
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streams is greater than it is elsewhere in the State. This 

is well shown in the profiles which illustrates the topography 

of the State opposite a previous page, and has made railroad 

building a difficult matter in some parts of western Iowa. 

This difficulty has usually been avoided by running the roads 

down some one of the smaller valleys to reach that of the 

Missouri river. 

The banks and beds of the streams which traverse this 

deposit receive from it quite peculiar characters. The beds 

are of soft, fine, dark-colored homogeneous mud, and the 

banks are composed of the same material in a dryer con- 

dition. The banks are often, even upon the small streams, 

from five to ten feet or more in height, quite perpendicular, 

so that they make the streams almost everywhere unfordable, 

rendering them in consequence a great impediment to travel 

across the open country, where there are no bridges. 

The value of the material of this deposit as soil will be dis- 

cussed further on, but it may be remarked here that it is 

unsurpassed by any soil in lowa for real value. It is true, 

also, that forest trees grow as triftily upon it as upon any 

other soil, even where there is no other kind of soil within 

many miles of them, nor within a hundred feet beneath their 

deepest rootlets. A thrifty growth of young forest trees 

is now spontaneously springing up everywhere upon this 

deposit, and rapidly encroaching: upon its hill-sides and 

prairies whenever they are by any means protected from the 

annual prairie fires. This is at present more apparent upon 

the hill-sides than upon the flatter prairies, and as one passes 

along the road which traverses the length of the Missouri 

river flood-plain, in view of the ever-varying and ever- 

interesting bluffs, he can hardly avoid a feeling of regret 

that the primitive beauty of their nakedness is so soon to 

receive a forest-mantle of nature’s own weaving, by which 

their graceful outlines, now cut so clearly against the sky, are 

to be forever lost; so rapidly are the hitherto fire-stunted 

trees assuming forest proportions and multiplying their 

numbers, 
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Origin and Geological Age. As to the real geo- 

logical age of the Bluff Deposit there can be no 

question; any difference of opinion upon the subject 

would amount only to a difference of terms. It is of 

more recent origin than the drift because it rests 

upon that deposit, and it is not of later origin than 

the earliest part of the Terrace epoch, because river 

terraces are formed in itself as well as in the drift. 

While fully recognizing the correctness of the views 

24 entertained by those who refer certain post-glacial 

changes along the Atlantic border of the cuntinent, 

and elsewhere, to a distinct epoch, subsequent to 

il | the drift and previous to the Terrace epochs, called 

the Champlain, the existence of any phenomena in 

the valleys of the Mississippi and Missouri rivers, in 

and adjacent to lowa, which indicate post-Tertiary 

changes that require more than two epochal subdi- 

visions, is not recognized. 

These two are the Drift and Terrace epochs, and 

the Bluff Deposit is referred to the earliest part of 

| the Terrace epoch, because the material of which 

it is composed originated as such by fluvatile ero- 

sion, which occurred immediately upon the close of 

the Glacial epoch. The material was at the same 

-| time deposited as lacustral sediment in a broad 

depression in the surface of the drift which was left 

there by the retreating glaciers. 

The accompanying diagram, figure 3, shows the 

relative position of the Bluff and Drift Deposits, 

as well as the relation of the river valley and the 

Upper coal-measures to each. 

This broad depression formed a lake-like expan- 

sion in the Missouri river, which was then, as now, 

one of the muddiest streams upon the globe, and 

became rapidly filled by its own sediment, which its 

waters gave up as soon as their impetuous current 

was checked by the stiller waters of the lake. The 

19 



sil PHYSICAL GEOGRAPHY. 

filling of the depression with sediment must have been com- 

pleted very early after the recedence of the glaciers, because, 

as shown by the present height of the surface of the deposit, 

it reached as high a level as that of the highest surrounding 

land, before the Missouri river, which emptied into and flowed 

from the lake, had deepened its channel below it sufficiently 

to commence its drainage.* 

From that time until 'the deepening of the Missouri river 

valley had well progressed, the surface of the deposit no 

doubt existed as a broad, undrained marsh. As the deepen- 

ing of the valley below the then filled lake progressed during 

the remainder of the Terrace epoch, the river readily swept 

out enough of the soft material which its own waters had 

previously deposited to form its valley in that also, and at 

the same time caused the deepening of those of the tributary 

streams. The cutting out of the great valley in this deposit 

was accomplished, as in the deepening of all valleys, by the 

vibration from side to side of the stream, alternately occupy- 

ing every square foot of its flood-plain, and at times hugging 

the sides until the bluffs were left as steep as they would 

stand. Cross-cutting by tributary drainage gave the bluffs 

their serrations, and rains and frosts completed the rounding 

of their summits and slopes so that they now appear, as 

they really are, like miniature mountain ranges of dried 

mud. 

During the deepening of the valley of the great river, few 

real terraces seem to have been formed in the Bluff Deposit, 

compared with the number usually found in the valleys 

of those strcams, which have been eroded out of other 

* This deposit now extends a little to the eastward in some places, of what is now the 

Great Watershed in lowa, and appears upon some of the upper branches of Raccoon 

river. This may have resulted however, by the gradual extension upward, even 

beyond the border of the ancient lake bed, of those branches necessitated by the deep- 

ening of the principal yalleys which took place during the Terrace epoch. It is 

shown also by the levelings of the Chicago and Northwestern Railway, that at some 

points the surface of the Biuff Deposit is afew feet higher than the surface of the drift 

is where that railway crosses the Great Watershed. Further investigations are needed 

to ascertain what the actual relative level of the surface now is there,and what 

changes have taken place since the Bluff Deposit was all accumulated, 
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material. But such terraces do sometimes appear in this 

deposit, and are of the same character as those observed 

in the drift and alluvium of other valleys. The accompanying 

sketch of the valley of Soldier river, just where it joins 

the great flood-plain of the Missouri river, shows the remains 

of several successive terraces that were formed while the 

two valleys were in process of deepening. 

These terraces in the Bluff Deposit, notwithstanding the 

fact that it is newer than any other deposit except its own 

alluvium, are certainly of the same age as the other terraces 

of the same river that have been formed in the drift or any 

other formation, for they all originated from the same cause, 

and nearly or quite simultaneously. 

The evidence that this deposit was formed as sediment in a 

fresh water lake may be summed up thus: The material is 

very fine and homogeneous, such only as could have been 

deposited in comparatively still waters. It contains a few 

shells of fresh water and land mollusks, and no other.* 

Neither does it contain any marine remains. It is therefore 

not of marine origin; besides which, no inland deposit of 

marine origin is known, that has, like this, occurred subse- 

quent to the drift. The material of the deposit is essentially 

the same as the sediment of the Missouri river at the present 

time, as will be seen by referring to the analysis of both 

in Prof. Emery’s report on other pages. This sediment is 

so abundant now in that river, that if it were possible to 

throw an obstruction across its valley as high as its bluffs it 

would become rapidly filled with essentially the same 

material that it originally deposited and subsequently in 

part swept out. This is constantly illustrated in the 

reservoirs of the St. Louis water-works, which become filled 

with the sediment of the water taken from the river, so that 

they must be periodically re-excavated. 

The proportion of sediment contained in the water of the 

river in its earliest history, was probably somewhat greater 

* No true branchiate shells have been found in the deposit except a few Unios, the 

greater part being pulmonate gasteropods. 
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than it is now, and any lake-like expansion that may have 

existed in it at that time must have become so quickly filled 

as to have occupied an insignificant part of the time-history 

of its valley, although the act was an important one in that 

history. It seems not improbable that the broad lake that 

occupied a part of what is now Western Iowa, was mainly 

filled with sediment while yet the glaciers hovered around 

the upper course of the Missouri river, and were there grind- 

ing the material which served for the filling. 

That there were formerly other similar lake-like expansions 

of the Missouri and lower Mississippi rivers, and that they 

were filled with the same kind of sediment, is not improbable, 

for it was then in the condition that Carl Ritter aptly terms 

an ‘‘ unfinished river.” Indeed, it is certain that there were 

such, for Professor Hilgard, State Geologist of Mississippi, 

speaks, in his report on the geology of that State, of a 

similar deposit there, occupying a similar relative position to 

the Mississippi river that ours does to the Missouri. Itis not 

thought possible that our Bluff Deposit, and that of the State 

of Mississippi, could have ever been continuously connected 

as the same deposit, although they were, doubtless, exactly 

contemporaneous; but it is quite probable that other lake- 

like expansions besides these two existed between them in 

the course of the river, their deposits being all alike because 

all were formed from the same sediment and furnished by the 

same river from the same sources. 

Such remains of lakes or lake-like expansions in the 

courses of rivers are common in all parts of the world, and 

as each river system became “ finished,” to use Ritter’s term, 

by the. deepening of their valleys, the sedimentary filling 

became dry land. The filling was, of course, most rapid in 

the case or the muddiest rivers, and those which flowed over 

formations that are not readily disintegrated, could contain 

but little sediment. Therefore, their lakes are not filled. If 

such a river as the Missouri had emptied into the great 

northern chain of lakes, they would have become so com- 

pletely filled with its sediment that they would never have 
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been known as lakes to civilized man, but tributaries of the 

St. Lawrence river would have traversed the regions they now 

occupy. 

Primary Origin of the Bluff Material. Ascending the 

Missouri river, we find in Nebraska, Dakota, and even in 

northwestern Iowa, the source from which the material of the 

Bluff Deposit was derived. Stretching from here far away 

towards the Rocky mountains, and bordering the great river 

on either side, is an immense region occupied by the most 

friable formations on the continent—those of Cretaceous and 

Tertiary ages. Seeing these we at once cease to wonder that 

the waters of the Missouri are muddy, because it is so evident 

that they could not be otherwise. The Tertiary strata are 

largely silicious, and the Cretaceous are scarcely less so, but 

a part of the latter are not only calcareous, but mnch of it is 

very nearly pure chalk. It is from the last named strata that 

the Bluff Deposit has derived its nearly ten per cent of carbo- 

nate of lime. Allthese friable strata are even now furnishing 

abundant sediment to the streams that flow into the Missouri 

river, but at the close of the Glacial epoch, the fine sediment 

was, if possible, still more abundant, because then the whole 

region was strewn with the grindings fresh from those ‘‘ mills 

of the gods ”—the glaciers. 

5. OTHER ANCIENT LACUSTRAL AND MARSH DEPOSITS. 

Besides the Bluff Deposit just described, there are other 

post-glacial deposits found along the borders of the valleys 

of the Mississippi, and some of the rivers of the eastern part 

of the State. So far as yet observed, these are confined 

within the river valleys or to their immediate vicinity, and 

evidently originated at different periods in the history of 

their erosion from the general level that existed at the close 

of the Glacial epoch, because they are found occupying 

different levels, varying from almost as high as the general 

level of the uplands down to a level only a few feet above 

the highest floods of the rivers at the present time. Some of 
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them are similar in character to the Bluff Deposit, but having 

been derived from different materials, they are never pre- 

cisely like it. They always contain a considerable amount 

of clay, which the Bluff Deposit contains almost none at all 

of. Others are remains of marshes and not lakes, or at least 

of marshes which may have existed upon the borders of 

lakes; for the waters in which these deposits took place, are 

‘believed in every case to have been lake-like expansions, or 

comparatively still portions of the rivers upon the borders of 

whose valleys these deposits are now found. 

Those that are more distinctively lacustral in their character 

are composed, in varying proportions of fine silicious and 

clayey silt, such as would be deposited in comparatively 

still waters. They are found upon the sides of the valleys, 

where they show indistinct traces of stratification when they 

are freshly excavated. Those of this character thus far 

observed, have been found almost alone upon the valley sides 

of the Mississippi, and almost always near its lower part, 

or not far above the level of the present flood-plain. 

Traces of such terraces are to be found in almost all cases 

where the valley of a creek or small tributary comes into the 

flood-plain of the great river. These, however, can hardly be 

said to be parts of the proper river terraces which they very 

much resemble, the latter being abandoned flood-plains, and 

the former a deposit of fine silt in waters stiller than those 

which brought it down from the uplands. An interesting 

example of such a silt-like deposit exists within the city of 

Burlington, having been produced by Hawkeye creek when 

the Mississippi occupied a level higher by forty feet than it 

now does. Much of the deposit was removed by the deepen- 

ing valley of the creek, and much has lately been removed for 

railroad purposes from the vicinity of Fifth and Market 

streets, where it was once finely exposed by the artificial 

excavation and seen to rest upon the drift. 

Such of these deposits as partake more of the character of 

marsh accumulations are found in somewhat similar positions, 

but all seem to have taken place at an earlier period in the 
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process of deepening the river valleys. For example, one of 

these deposits occurs almost upon the very brow of the bluffs 

that border the valley of the Mississippi, near Davenport. 

This example is one of unusual interest, in consequence of the 

existence there of an extensive bed of ancient peat which is 

covered to the depth of several feet beneath the prairie soil, 

and the discovery in the clay above the peat of the remains of 

a Mammoth. The accompanying diagram, fig. 4, and the 

following explanation by W. H. Pratt, Esq., Secretary of the 

Davenport Academy of Science, shows the position of the 

deposit in relation to the drift. 

Fia. 4. 

The exposure was made by the excavation for the Chicago, 

Rock Island, and Pacific Railroad Company, previous to 

which there was no appearance at the surface to indicate the 

presence there of any thing more than the ordinary Drift 

Deposit. Mr. Pratt’s notes and references to the diagram 

were obtained while the excavation was fresh. 

“No. 1. The ordinary prairie soil, one foot. The prairie here extends to the 

edge of the bluff, gently sloping backward towards the north. 

“No. 2. The “yellow clay” or loam, twenty feet thick, iron-stained, frequently 

distinctly laminated ; Jamine curved and have their layers of sand interstratified 

in some places. It contains small calcareous nodules and shells of the genera 

Succinea, Helicina, and Pupa. 'This clay makes good brick. 

“No. 8. Bluish-gray clay, three to five feet thick, not stratified ; contains a few 

shells like those of No. 2. A tusk, several teeth, and some other portions of 

Hlephas primigenius (?) were found just at the junction between Nos. 2 and 3. 

“No. 4. A bed of browu peat one foot thick, which burns tolerably well. In 

some places the peat-moss, Hypnum aduncum, was so well preserved as to be 

recognized. Quantities of much decomposed coniferous wood are distributed 

throughout this bed. 
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“No. 5. Ancient soil, two foot thick, very dark brown, resembling the peat but 

more decomposed. Cozxtains no shells or other fossil remains. 

“No. 6. Blue clay, very tenacious, containing sand, gravel, and small boulders. 

Pebbles and boulders all water-worn and many of them distinctly glacier 

scratched. Thickness uaknown. 

“The dotted line represents the railroad grade. The point represented by the 

top of the diagram is 167 above low-water mark in the Mississippi river at the 

railroad bridge.” 

This deposit is quite remarkable in many respects; in none 

more so perhaps than in the fact that the bed of peat rests 

upon a bed of clayey silt, and is in turn covered by a similar 

but much deeper one, these varying conditions evidently 

having been produced by the shiftings of the adjacent and 

then sluggish river, in that very early period of its post- 

glacial history. The extent of this peat bed beneath the 

surface is not known, as there is nothing in the surrounding 

surface to indicate it. It was exposed by the railroad exca- 

vation for a distance of thirty or forty rods. 

Another deposit of ancient peat has been found in digging 

a well a couple of miles southward from lowa City. It was 

found at a depth of thirty feet beneath the surface, and that 

surface is fifty feet or more below the general level of the 

uplands in the vicinity, The locality is upon the gentle slope 

of the valley-side of the Iowa river, and about a mile from 

it. The position of the peat, although so far beneath the 

surface, is yet much above the level to which the highest 

floods of the river now reach. The peat was evidently formed 

where it is now found, and in what was then a marsh upon 

the borders of the river-valley as it then existed, but during 

the process of the deepening of the valley, and by the shift- 

ings of the stream, it became covered by the sandy deposit 

which we find now resting upon it, having mostly the 

general character of Altered Drift. 

Neither this deposit of peat, nor the one near Davenport, 

are fit for fuel, as they are not nearly so combustible as recent 

peat, and if they were, they contain too much impurity to be 

practically useful. Both the deposits contain numerous pieces 
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of wood and twigs, all of which, so far as yet examined, 

‘prove to possess the structure peculiar to conifers. It is 

worthy of remark in this connection, that no conifers having 

a wet habitat as these evidently had, are now to be found 

living within the State. 

Several fragments of the elytra of a coleopterous insect 

were found in the ancient peat of both Davenport and Iowa 

City; but their specific and generic relations have not been 

determined. 

The peat of both these localities is referred to the age of 

the Terrace epoch, although at one time it was thought the 

one near lowa City might prove to be of pre-glacial origin. 

A small deposit of similar ancient peat was also discovered. 

in Adair county, and will be found mentioned in the 

description vf the geology of that county in another part of 

this report. 

Tt will be observed that in the foregoing discussion of all 

that pertains to the post-tertiary geology of Iowa, it is 

assumed that no appreciable changes in the elevation of the 

surface above the sea, have taken place during that time. It 

seems unmistakably evident that all our rivers have eroded 

their own valleys, and produced their own terraces without 

the aid of any elevation or depression of the surface. It is for 

this reason that no reference is made to the Champlain epoch 

in discussing Iowa geology. We date the Terrace epoch 

from the recedence of the glaciers to the present time. 

16 



CHA PTE: aaa 

SOILS, ETC. 

The soil of Iowa has become justly famous for its fertility, 

and it may well be doubted whether there is an equal area of 

the earth’s surface that contains proportionably so little until- 

lable land, or whose soil has so high a degree of average 

fertility. -After careful consideration of the results of my 

examinations, I do not hesitate to thus publicly announce my 

estimate that ninety-five per cent of the surface of Iowa is 

tillable land. The State being, as previously explained, with- 

outranges of mountains or hills, or other barren surfaces, and 

every where covered with a soil of such fertility and depth, its 

agricultural capabilities are almost beyond computation, and 

agriculture must ever remain the principal element in the 

prosperity of our Commonwealth. 

The desirableness of gfving to the public all possible 

information concerning our soil is fully appreciated, but 

being convinced that little really practical good can result 

from a series of quantitative analysis of them, these have 

been omitted and discussions of the subject are confined to 

the physical examination and general description of its 

varieties.* 

The soils of the State may be separated into three general 

divisions which not only possess different physical characters, 

*For views upon the subject of soil‘analysis which are eminently correct and well 

expressed, the reader is referred to an article in the American Journal of Science, Vol. 

XXXII, II Series, by Prof S. W. Johnson, of Yale College, and non-resident Professor 

in the Iowa State Agricultural College. See also later publications by the same 

author. ee: 
22 
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but also differ in the mode of their origin. These are the 

Drift, Bluff, and Alluvial soils, and belong respectively to the 

deposits bearing the same names. The drift soil occupies a 

much greater part of the surface of the State than both the 

others; the bluff soil has the next greatest area of surface 

and the alluvial least. 

1. DRIFT SOIL. 

All soil is disintegrated rock, and its excellence or sterility 

depends both upon the composition of the rocks from which 

it is derived and the degree of comminution to which they 

have been subjected. A soil composed of material that has 

been suspended in and thus transported by the waters of a 

stream and then deposited, as the bluff soil has, always 

possesses a sufficient degree of fineness, while both the drift 

and alluvial soils may, and sometimes do, contain too great 

a proportion of coarse materials for good soil. This, 

however, is very seldom the case with the drift soil of Iowa, 

for upon the greater part of it not a pebble or boulder is to 

be seen. This character of the drift soil of Iowa arises 

primarily from the character of the rocks from which its drift- 

material was originally derived. 

If the rocks from which a drift deposit has been derived 

were hard and unyielding, the accumulation of drift from 

them would have been comparatively slight, although they 

may have been subjected to violent glacial action during the 

whole Glacial epoch. The soil of such a slight accumulation 

of drift would also be light and poor, because the materials | 

of it would lack, for the same reason, that degree of fineness 

necessary to the formation of good soil, although both they 

and the rocks from which they were derived may contain all 

the elements necessary for it. These facts are believed to 

afford sufficient explanation of the cause of the sterility of 

much of the soil of New England, and of the remarkable 

fertility of the drift soil of Iowa. 

As stated in the preceding pages, the drift deposit of lowa 

was derived to a considerable extent from the rocks of 
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Minnesota, but the greater part of Iowa drift was evidently 

derived from its own rocks, much of which has been trans- 

ported but a very short distance, if any, from the place where 

it originated. Many of the strata of Iowa rocks are soft or 

friable, and nearly all of them are sufficiently yielding to 

have been comminuted with facility by the glaciers. This 

is also true even of many of the granite rocks of Minnesota. 

We found the greater part of the granite exposed in the valley 

of the Minnesota river to be too soft and easily disintegrated 

to be useful even for good common building stone; and at 

the mouth of the Redwood, a tributary of the Minnesota, we 

found a cliff of decomposed granite, upward of one hundred 

feet in height, so soft from top to bottom that it could be 

crushed to the condition of fine soil in the hand alone. 

Indeed, it graded imperceptibly into the fertile soil which 

covered it, but with this exception, the deposit had never 

‘been disturbed from its original position. In southwestern 

Minnesota this friable granite is overlaid by what remains 

from glacial action of the Cretaceous rocks which were once 

continuous with those of western Iowa. These Cretaceous 

rocks are all so soft and friable as to have yielded readily to 

glacial action, and have evidently contributed largely to the 

fine materials of the drift. It will be seen then, that the 

supply of material here for transportation as drift into Iowa 

was abundant, and well adapted for the production of good 

soil for our State as well as for the region where it originated. 

The Drift Deposit of Iowa is so thick and the proportions 

of its component materials so nearly uniform throughout the 

State; the soil of that deposit has also a great degree of 

uniformity. But still it may not unfrequently be observed 

that an underlying formation has impressed its character 

upon the soil. We may, perhaps, say in general terms that 

the constant component element of the drift soil is that portion 

which was transported from the north, while the inconstant 

elements are those portions which were derived from the 

adjacent or underlying strata. For example, in western 

Iowa, wherever that Cretaceous formation, known as the 
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Nishnabotany sandstone exists, close observation shows 

the soil to contain more sand in its composition than else- 

where; yet it is never sufficient in amount, even there, to cause 

it to approach barrenness. On the contrary, it adds a 

warmth and mellowness to the soil which are beneficial. The 

same may be said of the soil of some parts of the State 
occupied by the Lower coal-measures, the sandstones and 
sandy shales of that formation furnishing the sand. 

In northern and northwestern Iowa the drift contains a 

ereater portion of sand and gravel than elsewhere; conse- 

quently the soil also partakes of the same composition, but 
yet even there the barren spots are rare exceptions to the 

general fertility, because the proportion of coarse material is 

greater beneath than upon the surface. The sand and gravel 

of this region was doubtless derived from the Cretaceous 

rocks, that now does or formerly did exist there, and also in 

part from the conglomerate and pudding-stone beds of the 
Sioux quartzite. 

Again, in some parts, as for example, in southern Iowa, the 

soil is frequently stiff and clayey, but very fertile. The 

subsoil, together with the whole thickness of the drift, is also 

clayey. This preponderating clay is doubtless derived from 

the clayey and shaly beds which alternate with the limestones 

of that region. It must not be understood, however, that clay 

is anywhere absent from the drift soil, not even from that of 

those parts where the underlying rocks contain only a minute 

proportion of clay; for, as before stated, much of the fine 

material of the drift, and consequently of its soil also, had 

its origin to the northward—some of it being derived from the 

granitic rocks there which contain, in large proportion, the 

necessary material for the production of clay. 

The origin of clay and of soil from such rocks, when 

decomposed, may be finely illustrated by taking a handful of 

the decomposed granite from the valley of the Redwood 

before referred to, and stirring it up thoroughly in a vessel of 

water. The fine grains of quartz it contains disseminated 

throughout the mass become at once precipitated to the 
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bottom of the vessel as a layer of sand, while the feldspar, 
hornblende, and mica also, if present, are suspended for a 

time in the water and are then deposited as a layer of 

common clay upon the sand.* Mixing the whole together 

again we have a handful of common soil in a condition fit 
for the growth of vegetation. 

To constitute a proper fertile soil the mineral ingredients 

must of course have an addition of humus, derived from 

decayed vegetation. This has been abundantly supplied 

to Iowa soil by the growth of prairie grasses and other 

vegetation which has flourished upon it during the unnum- 

bered years that have passed before civilized man disturbed 

its virgin repose. This accumulated fertility of the past now 
constitutes our great agricultural wealth; for itis a fact not to 

be disguised that our present agricultural prosperity is due 

to the primitive fertility of our soil, and although it is now of 

almost marvelous fertility, yet the time is soon to come when 

we must enquire with an earnestness, excited by necessity, 

into our resources for its fertilization and restoration. 

The materials of the drift are so nearly uniform from 

top to bottom, and so'great a proportion of these are finely 

comminuted, that almost any part of it, after proper exposure 

to the atmosphere and frosts, may be brought to the condi- 

tion of good soil; so that the depth of any given soil, as 

the term is generally understood, is indefinite, but it may be 

said to have the depth to which the fibrous roots of the 

primitive vegetation has reached, and thus added humus 

to the mineral constituents. This depth is usually from two 

to four feet, but no lowa farmer has any fear of plowing 

so deep as to reach through his soil. It will thus be seen 

that the subsoil does not differ materially from the soil 

proper. Hence no possible objection can be urged against 

subsoil plowing, while the nature of the subsoil itself suggests 

its great value. 

*This also well illustrates how stratified rocks are formed and how they derive their 

materials from the crystaline or unstratified rocks. 
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Although the greater part of the drift of lowa is composed 

of materials that are fitted to produce good soil, it should be 

stated that the portion which now occupies the first few 

feet beneath the surface is in much the best condition for it, 

and that the surface is almost everywhere free from the 

coarse drift materials, being usually occupied by the finer 

portion alone. Consequently the soil is almost everywhere 

fine and excellent, even when the drift beneath, as is some- 

times the case, contains much sand and boulders, and in 

other cases stiff clay. It should be also borne in mind that 

even where the boulders are most abundant, they are not 

sufficiently so as to interfere with agricultural operations, nor 

to impair the value of the land for agricultural purposes. 

2. BLUFF SOIL. 

The bluff soil, as its name denotes, is that which rests upon 

and constitutes a part of the Bluff Deposit before described. 

The description of that deposit is really a description also 

of the soil, for with the exception of the accumulation of 

humus in it at the surface; it is perfectly homogeneous from 

top to bottom, even where it is more than two hundred feet 

thick. Neither does it vary materially in composition with 

geographical extension, as will be seen by Prof. Emery’s 

analysis of specimens of it obtained from different localities; 

there is, therefore, no proper distinction between the soil and 

subsoil of the region it occupies. The area occupied by this 

soil is the same as that occupied by the Bluff Deposit, 

described on previous pages. In Iowa, itis found only in the 

western part of the State and adjacent to the Missouri river, 

and may be said to contain a superficial area within the State 

amounting in round numbers to about five thousand square 

miles. This bluff soil grades imperceptibly into the some- 

what similar drift soil to the eastward of it, but as a whole it 

presents a marked contrast with all the other soils of the 

State, and occupying as it does, so large an area, its peculiar- 

ities are well known and easily recognized. Although, as 
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shown in Prof. EKmery’s report, it contains less than one per 

cent of clay in its composition, it is in no respect inferior to 

the best drift soil, and many of those who occupy it claim 

that it is superior to any other. \ 

Its fertility is unquestionably as great as that of any, 

while the advantage claimed for it is that it is perfectly under- 

drained in consequence of the porosity and depth of the 

deposit of which it constitutes a part, and containing no clay, 

it never becomes heavy and “ sticky,” and never ‘‘ bakes” in 

times of drought. There being not a stone or pebble to be 

found in it there are no obstructions to its perfect cultivation. 

3. ALLUVIAL SOILS. 

These are the soils of the Alluvial flood-plains of the river 

valleys, or as they are popularly called in Iowa, ‘“‘ bottom 

lands.” They vary much in character and fertility, but the 

best of them are the most fertile soils in the State, from the 

fact that they contain the washings of the other soils, in 

addition to a large amount of decayed vegetable matter 

derived through the agency of former floods from the luxurious 

growth along the borders of the streams. 

Those flood-plains, or portions of them, which are period- 

ically flooded by their rivers are, of course, of little value for 

agricultural purposes, but a large part of them are entirely 

above the reach of the highest floods, while others are reached 

only by extraordinary floods at intervals of several years. 

Such as those last named are frequently cultivated, the farmer 

estimating this occasional loss of a year’s crop to be com- 

sated for by the great productiveness of such soils in other 

years. The lower portions of the flood-plains, even if they 

were not annually reached by the floods of the streams, are 

almost always too sandy for cultivation; but the higher ones 

are usually covered with a’fine silt which forms the soil, and 

is often many feet in depth. The silt is almost always under- 

laid by layers of sand and gravel, formerly deposited there 

by the stream, so that the alluvial soils are usually well 
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underdrained by that means, although they are, as arule, 

quite flat. 
The alluvial lands of the valleys of the two great rivers are 

the most important, but all the valleys of their principal 

tributaries contain valuable areas of alluvial soil. That of 

the Missouri river flood-plains partakes largely of the cha- 

racter of the peculiar bluff soil which borders it; and that of the 

flood-plains of those smaller rivers which traverse the region 

occupied by the Bluff Deposit, is scarcely different in charac- 

ter from the adjacent upland soil from which it was derived. 

All varieties of Iowa soil are suited to the production of any 

crop to which our climate is adapted, with perhaps the only 

exception that winter wheat succeeds best upon alluvial soils, 

and those which have been reclaimed from the woodlands. 

4, ADAPTABILITY OF IOWA SOILS FOR THE GROWTH 

OF FOREST TREES. 

Notwithstanding the fact that the distance from the northern 

to the southern limits of the State is more than three degrees 

of latitude, in consequence of the slight difference in surface 

elevation, and the great degree of uniformity in the character 

of the soil, there is a striking uniformity in the character of 

the native vegetation ; for the same reasons also, there is an 

equal uniformity in the adaptability of the soil and climate 

to the production of cultivated crops. There are indeed many 

species of indigenous plants that are restricted to certain 

parts of the State, and others that are found only in habitats, 

rendered congenial by moisture, dryness, barrenness, unusual 

fertility, etc., as the case may be; yet these are only excep- 

tions to the general uniformity throughout the State, of all 

indigenous vegetation, including the forest trees. 

The subject of the distribution of indigenous vegetation is a 

very suggestive and interesting one in all its bearings,* but 

* Nature gives earnest and hopeful promises of future harvests of cultivated fruits 

in the wonderful profusion of wild grapes, apples, plums, cherries, etc., which every 

year load the indigenous trees and vines. These promises are now being redeemed in 

full to those who demand their fulfillment in proper form, 

Ih 
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especially when applied to the growth of forest trees, it 

becomes one of unusual practical importance to every citizen 

of lowa. The great importance which attaches to this part of 

the subject is apparent from the fact that the wood of forest 

trees for fuel, no less than for other purposes, is an indispen- 

sable element in the prosperity, and even the inhabitation of 

any country; not to mention the beneficial effects of forests 

upon the climate, the beautifying and adornment of its land- 

scapes, and the shading and sheltering of its homes. 

When the State was first settled, preference was always 

given to those parts where woodland and prairies joined. 

The open prairie was always avoided by the early settlers, 

among whom the belief was general that those portions 

of the State could never be occupied for want of timber. 

Time has proved the groundlesness of those views; but even 

now there is not woodland enough in Iowa to meet: the neces- 

sities of a population that its fertile soil is capable of 

supporting in the greatest plenty. 

It is a matter of regret that so distinguished a man as 

Prof. Whitney, and one whose accuracy of observation is 

usually beyond question, should have entertained and pub- 

lished views so erroneous in relation to the growth of forest 

trees in lowa, as he did in the former geological report,* 

where he expressed the opinion that ‘‘ the nature of the soil is 

the prime cause of the absence of trees upon the prairies.” 

If the Professor could now revisit those regions he had 

examined at the time he wrote those views, we are confident 

he would at once retract them. Duty to the State demands 

that we should deny the correctness of those views in the 

most positive manner, and it is for this cause alone that this 

personal reference is made. If there is really an unfitness of 

prairie soil for the growth of forest trees, then at least one- 

third of our State is worthless indeed. But this is not the 

case, for personal observation in all parts of the State, 

extending through a period of thirty years, has established a 

*See Geology of Iowa, 1858, Vol. I. part I., page 24, et seq. ° 
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knowledge of the fact that all varieties of our indigenous 

forest trees will grow thriftily wpon all varieties of our soil; 

even those whose most congenial habitat is wpon the alluvial 

soil of our river valleys, or upon the rugged slopes of the 

valley-sides. 

This fact is now well understood by every farmer in the 

State, and they also know that it requires positive exertion 

on their part to prevent the natural encroachment of forest 

growth upon their prairie farms as soon as the bordering 

wood-land is protected from the annual prairie fires. This 

encroachment of forest growth is equally marked upon the 

alluvial or bottom prairies, the ordinary drift prairies, and 

those in western Iowa whose soil is composed entirely of that 

fine silt-like material before described under the head of Bluff 

Deposit. 

The rapidity with which all kinds of our forest trees will 

grow upon all varieties of our soil is quite astonishing, for 

the superiority of these soils is as strikingly shown in the 

growth of trees as it is in the production of the staple crops 

of corn and wheat. So rapid indeed is the growth of trees, 

both by natural and artificial propagation, that not only 

is there a gradually increasing area occupied by them, but 

there seems to be sufficient evidence that there is more wood- 

fuel now existing in Jowa than there was at the time of its 

first settlement, notwithstanding the constant consumption of 

it by the inhabitants since then. 

In many parts of the State the supplies of fuel are derived 

almost exclusively from trees that have grown from the seed 

since its settlement. Not only has the new growth reached 

a size that will answer for fuel, but hundreds of farms 

have been re-fenced with rails that grew in adjoining wood- 

land since they were first cultivated. 

These facts are certainly sufficient to show that there is 

no unfitness of any of the soil of lowa for the growth of 

its forest trees, and their original healthful growth, in all 

parts of the State, even in the smallest numbers, is sufficient 

evidence that their absence upon the remainder of the surface 
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was not due to any unfavorable condition of climate. More 

especial reference has here been made to the natwral growth 
and encroachment upon the prairies of the forest trees, but it 

is proper to state here that the planting of these trees has 

become a recognized branch of the agriculture of the State, 

and every Iowa farmer knows that he may plant and grow a 

crop of wood with the same certainty that he can grow a crop 

of corn. 

4, ORIGIN OF THE PRAIRIES. 

The question of the origin of the prairies has become more 

hackneyed perhaps, than any other of the speculative ques- 

tions which North American geology affords; and yet it 

seems to be no nearer a solution, satisfactory to all, than 

it was when it first began to be discussed. It is not now — 

proposed to discuss this question at length, nor even to 

present the different views that have been published by 

different authors, but only to state a few facts, offer a few 

suggestions, and perhaps leave the subject as unsettled in the 

minds of others as it was before. 

By the word prairie we mean any considerable surface that 

is free from forest trees and shrubbery, and which is covered 

more or less thickly with grass and annual plants. This is 

also the popular understanding of the term. It is estimated 

that about seven-eighths of the surface of Iowa is prairie or 

was so when the State was first settled. They are not confined 

to the level surfaces, but are sometimes even quite hilly and 

broken; and it has just been shown that they are not 

confined to any particular variety of soil, for they prevail 

equally upon Alluvial, Drift, and Lacustral soils. Indeed, 

we sometimes find a single prairie whose surface includes all 

these varieties, portions of which may be respectively sandy, 

eravelly, clayey, or loamy. Neither are they confined to the 

region of, nor does their character seem at all dependent upon 

the formations which underlie them, for within the State of 

Iowa they rest upon all formations, from those of Azoic 

to those of Cretaceous age inclusive, which embrace almost 
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all kinds of rock, such as quartzite, friable sandstone, mag- 

nesian limestone, common limestone, impure chalk, clay, 

clayey, and sandy shales, &c. Southwestern Minnesota is 

almost one continuous prairie upon the drift which rests 

directly upon, not only the hard Sioux quartzite but also 

directly upon the granite. 

Thus, whatever the origin of the prairies may have been, 

we have the positive assurance that their present existence in 

Iowa and its immediate vicinity is not due to the influence 

of climate, the character or composition of the soil, nor to the 

character of any of the underlying formations. It now 

remains to say without the least hesitation, that the real cause 

of the present existence of the prairies in Lowa is the preva- 

lence of the annual fires. If these had been prevented fifty 

years ago Iowa would now be a timbered instead of a prairie 

State. 

Thus far we have stated facts and what are deemed to be 

legitimate deductions from them. The following are offered 

only as suggestions. We have no evidence to show or suggest 

that any of the prairies ever had a growth of trees upon them; 

notwithstanding the fact that those at least of the eastern 

part of the great prairie region will support an abundant 

erowth of trees after they are introduced, if protected from 

the fires. There seems to be no good reason why we should 

regard the forest as any more a natural or normal condition 

of the surface than the prairies are. Indeed, it seems the 

more natural inference that the occupation of the surface by 

the forests has taken place by dispersion from original centres, 

and that they encroached upon the unoccupied surface until 

-met and checked by the destructive power of the fires. 

Then arise questions like the following, not easily 

answered, and for which no answers are at present proposed: 

When was fire first introduced upon the prairies, and how? 

Could any but human agency have introduced annual fires 

uponthem? If they could have been introduced only by the 

agency of man why did the forests not occupy the prairies 

before man came to introduce his fires, since we see their great 
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tendency to encroach upon the prairies as soon as the fires 
are made to cease? The prairies, doubtless, existed as such 

almost immediately after the close of the Glacial epoch. 

Did man then exist and possess the use of fire that he might 

have annually burnt the prairies of so large a part of the 

continent, and thus have constantly prevented the encroach- 

ment of the forests? It may be that these questions will 

never be satisfactorily answered ; but nothing is more evident 

than that the forests would soon occupy a very large propor- 

tion of the prairie region of North America if the prairie 

fires were made to cease, and no artificial efforts were made to 

prevent their growth and encroachment. 

5. FOREST TREKS. 

Although the subject of the growth of wood is not, strictly 

speaking, a geological one, yet it is proper to consider it in 

this report in addition to coal and peat, as a part of the fuel 

resources of the State; and it is introduced here as having 

also a natural connection with the subjects discussed in the 

pages immediately preceding. 

Wood is, and always has been, the principal and preferred 

fuel of the inhabitants of the State for domestic use, and were 

it everywhere in sufficient quantity, they would probably 

never care to change their established habits in the use of 

fuel by discarding it for any other. It has been feared by 

many, that the amount of fuel which Iowa could be made to 

produce ; would not be sufficient to meet the wants of the 

prospective inhabitants that her fertile soil is capable of 

supporting in plenty ; but it is believed that an examination 

of the subsequent pages upon the subjects of coal and peat, 

will show the groundlessness of such fears, even if no other 

sources of supply are considered. In addition to that, it is 

proposed to show in this place that a sufficient amount of 

fuel, at least for domestic use, for all the present and pro- 

spective inhabitants of the State may be produced from the 

soil alone by the growth of forest trees. 

It has before been stated that forest trees can be cultivated 
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as successfully as a crop of corn upon all varieties of our 

soil, and this question being settled in the minds of those 

interested in the subject, it becomes necessary to consider the 

time within which the result may be practically accomplished; 

because to meet the wants of the rapidly increasing popula- 

tion, it is necessary that some almost immediate supply be 

provided in the case of the broad prairie districts. Some 

such districts are upon, or adjacent to the coal-fields. Some 

are adjacent to considerable bodies of woodland, and others 

have important deposits of peat; from all of which sources 

immediate supplies of fuel may be obtained. But besides 

these, there are other broad and fertile tracts that have none 

of the advantages just named, and those who occupy them 

must rely for their supplies of fuel upon distant sources or 

upon its production from the soil. Railroads are being 

rapidly constructed which will carry coal from our coal-field 

to a large part of these prairie regions, but a large proportion 

of the inhabitants of Iowa must depend alone for their ordi- 

nary fuel upon the growth of trees. 

By first planting those trees which have the most rapid 

erowth, to be followed immediately by those of slower 

erowth and greater density of wood, one not acquainted 

with the subject would be surprised to see how quickly a 

sufficient supply of fuel may be obtained, and how a future 

supply of the best kinds of wood can be established. ‘The 

principal kinds of trees indigenous to the State, which are or 

may be used as fuel, are the following given in the order of 

their estimated relative abundance by natural growth at 

present in the State at large: Oaks—several species—cotton- 

wood, elm, white maple, linden, hickory, sugar maple, black 

walnut. 

The oaks form the greater part of the firewood now used in 

the State. In some parts cottonwood is scarcely used at all for 

fuel, but in others, better wood being scarce, it constitutes the 

greater part of the fuel used by the inhabitants. Other trees, 

such as hackberry, ash, honey-locust, slippery-elm, butternut, 

etc., are occasionally used as fuel, but they are comparatively 
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so few in number that they hardly deserve mention as varieties 

of fuel. In the new natural growth of these trees the relative 

abundance is somewhat changed, the black oak, hickory, and 

black walnut increasing. The following named trees are 

those which will probably be most used for cultivation. 

They are given in the order of their estimated rapidity of 

growth: Cottonwood, white maple, black walnut, oaks, 

sugar maple, and hickory. | 

The relative value of each of these kinds of wood for fuel 

is estimated to be in the same order, cottonwood being the 

poorest and hickory the best; or, in other words, the slower 

the growth of the tree, the more valuable it is for fuel. But 

taking into account the necessity that exists for immediate 

supplies of fuel in many parts of Iowa, the cottonwood 

becomes one of our most valuable trees because of its rapid 

growth. As soon as it has performed this valuable pioneer 

service, it should be laid aside to give place to more solid and 

useful varieties. 

The most congenial habitat of the cottonwood is upon the 

sandy alluvial soils of the river-valleys; but it grows with 
astonishing rapidity upon all varieties of soilin the State, and 

flourishes as well upon the prairies as in the valleys. 

Instances are numerous of the growth of this tree from the 

seed, or from a riding stick stuck into the prairie soil, to the 

size of from twelve to fifteen inches in diameter, a foot above 

the earth, within the space of ten or twelve years. So rapid is 

its growth that those well acquainted with it estimate that ten 

acres planted with the seeds or young shoots, will, at the end 

of five years, supply a large family continually with all neces- 

sary fuel. Indeed a large number of persons have practically 

proved the correctness of these estimates. 

Cottonwood may be propagated either from the seed, 

cuttings, or by transplanting the young trees. The seed, 

which is very light, is sometimes scraped up from the sandy 

surfaces along the streams where it has fallen from the trees, 

the seed and sand mixed together and sown broadcast upon 

ground prepared for it, as small grainis sown. Sometimes 
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the slender poles are cut from the dense growth that often 

springs up along the streams, trimmed of their branches, and 

then notched with the ax at intervals of a few feet along their 

entire length, then placed end to end in furrows at proper inter- 

vals, and covered with soil by the plow. Sprouts quickly start 

from the sides of the notches and rapidly become thrifty trees. 

The most congenial habitat of the white maple is also 

upon the low-lands, but it thrives well upon the prairies. 

For rapidity of growth it ranks next to the cottonwood and 

makes better and more durable fuel. It succeeds well upon 

all varities of soil and may be readily propagated from 

the seed, or by transplanting the young trees from the places 

of their natural growth. 

The black walnut has been proven to succeed well upon the 

prairies by artificial propagation. It is propagated from the 

seed with certainty and little labor. 

These three kinds of trees are those now most commonly 

used for the production of artificial groves and woodlands 

by the people of theState, since the failure of the black 

locust, in consequence of its destruction by the borers. It 

is well known that all the other indigenous trees may be 

artificially cultivated, but these seem to have been wisely 

chosen for the rapidity of their growth and the small amount 

of labor required in their propagation and cultivation. 

These tests which the people have made extensively through- 

out the State, prove beyond the possibility of doubt that a 

sufficient amount of fuel and fencing material may be 
produced from the soil alone in any part of Iowa. 

People have hitherto been in the habit of regarding the 

great proportion of prairie surface in our State as a calamity; 

but with a knowledge of the facts just stated it is evident 

that views directly opposite should be taken, because the 

labor and expense of procuring all necessary fuel by the 

means just explained, is but a tithe of what would be 

necessary to prepare the land for cultivation if it had 

originally been covered with forests, such as formerly pre- 

vailed pie a large part of the States of Ohio and Indiana. 
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In a prairie region like ours the farmer selects the finest 
lands for cultivation, every acre of which is ready for the 
plow, and sets aside the more broken and less tillable portions 
for his future woodlands. Thus he may not only choose the 

location of his fields and woodlands, but also the kinds of 

crops, whether of grain or trees, that shall be grown upon each. 

A CATALOGUE OF THE INDIGENOUS FOREST TREES OF 

IOWA. 

Acer Dasycarpum—W hite maple. 

Acer saccharinum.—Sugar maple. 

Aisculus glabra.—Buckeye. 

Betula nigra.—Water birch. 

Carya alba.—Hickory. 

Carya amara.—Pig-nut hickory. 

Carya olivaeformis.—P ecan. 

Celtis occide: talis—Hackberry. 

Cerasus serotina.— Black wild cherry. 

Fraxinus Americana.— White ash. 

Gleditschia triacanthus.—Honey locust. 

Gymnocladus Canadensis.—Kentucky Coffee bean. 

Juglans cinerea.—Butternut, White walnut. 

Juglans nigra —Black walaut. 

Negundo aceroides.—Box-elder. 

Platanus occidentalis.—Button, Sycamore. 

Populus monilifera.—Cotton-wood. 

Populus tremuloides.—Aspen. 

Quercus alba.—W hite oak. 

Quercus imbricaria.—Laurel oak. 

Quercus macrocarpa.— Bur oak. 

Quercus tinctoria.—Black oak. 

Tilia Americana.—Linden, Bass wood. 

Ulmus Americana.—Common elm. 

Ulmus fulua.—Slippery elm. 

Some of the trees enumerated in this catalogue can hardly 

be said with strict propriety to be a part of our forest trees 

on account of their scarcity. A few others might also be men- 

tioned that occur in small numbers within the State, besides 

several species of the smaller class of trees; but the object of 

this catalogue is only to give .a general view of the arboreous 

flora of the State to those who are not acquainted with it. 
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The climatology of the State can only be properly ascer- 

tained from a careful comparison of a long series of 

observations made at different points in various parts of 

the State. Yet.much of great value, to the agriculturist and 

others, may be learned from a study of the observations 

made at a single point, and their value enhanced as they 

extend over a longer period of time. The observations upon 

which this chapter is based, prepared at the request of C. A. 

White, M. D., State Geologist, to accompany his report upon 

the Geology of the State, were made by the writer at Musca- 

tine, (Bloomington, until 1837) and Iowa City, commencing 

January, 1839, and continued until the present time. Those 

at Bloomington, 1839-1847, were furnished the Government 

through Prof. Espy, of the Treasury Department, until the 

organization of the ‘‘Smithsonian Institution,” where, at the 

request of Prof. Henry, Secretary thereof, they were con- 

tinued at Muscatine from 1847 to 1860 and at Iowa City from 

1860 to 1869. The difference in latitude is about one-tenth 

degrees, and longitude about five-tenths degrees. I have 

calculated the means of the observations at Muscatine for 

twenty years and at Iowa City for ten years, and find that 

the difference is so very slight that I have not hesitated to 

* Professor THEODORE S. PARVIN, of the State University, has generously contributed 

the entire contents of this chapter-—C. A. WHITE. 

139 
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regard the observations as taken at one point and used them 
accordingly. 

The instruments used are a barometer, thermometers, 

psychometer, wind-vane, pluviameter, (rain gauge,) all of 

the best quality, and manufactured by James Green, of New 

York. Accompanying these observations are records of the 

frost; flowering of fruit trees; times of the opening and 

closing of the Mississippi river, etc., etc., presenting facts in 

regard to the seasons of great value to the farmer, stock and 

fruit raiser, as well as shipper. 

The observations were made at the hours of 7 A. M., 2 P. 

M.,and9 P.M. In their collection and reduction, I have, in 

order to make them of comprehension to the unscientific 

reader and observer, avoided as far as possible the use of 

either scientific terms or formula. : 

The array of facts here presented will, it is hoped, prove of 

interest not only for the residents of this State and the Missis- 

sippi valley, but also for the dwellers upon the sea-board, as 

furnishing data from which a comparison may be drawn as 

to the difference in the temperature, amount of rain-fall, the 

source thereof, &c., &c., as also their distribution through the 

several seasons of the year. Eastern meteorologists have 

been greatly surprised at the large amount of precipitation of 

vapor in the valley, overlooking the fact that there the rain 

winds are N.E., here, 8.W. The amount precipitated has 

not diminished since the first settlement of the country, and 

probably will not, as the area covered by timber has not 

decreased with the settlements of the State and is not likely 

to in the future; on the contrary, is increasing and will con- 

tinue to increase with the growth of settlements, in age and 

extent. The peculiarities of our soil and climate are such 

that the past three decades have demonstrated that our State 

can endure an extreme of drought or rain with as little or 

less loss than any other cultivated region of our country. 

No use has been made in this report of the barometrical 

observations taken in connection with the others used, nor of 

the relative humidity, &c., deduced from the observations of 
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the psychometer, the latter of which especially bear so 

strongly upon the problem of health. It did not come parti- 

cularly within the limit assigned me and has more of a 

scientific than practical relation to my work and object. It 

may here be stated, however, that the atmospheric conditions 

of our climate are, in the highest degree, favorable to general 

health, and no people enjoy this boon in a higher degree 

than ours. 
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In Table I. (1)is presented the monthly mean Temperatures 

for the three observations taken, viz: 7 A. M.,2 P. M., and 

9 P. M., for a period of thirty-one years, extending from 1839 

to 1869, inclusive; together with the annual means for the 

same period. At the bottom of the table may be found the 

greatest and least of these means, with the mean for the 
whole. : 

An examination of the results here given, will show a great 
range in many of these means of many observations, an ine- 

quality far greater than might have been anticipated. 

In table I (2), the monthly and annual maximum (greatest) 

and minimum (least), and mean temperatures are given. In 

the column for the year the maximum and minimum are the 

means of these results. An inspection of this table will show 

that in this region—round about lowa City—November and 

March are essentially winter months, their mean temperatures 

rising but a little above the freezing point. September, much 

more than May, has a summer temperature ; the mean tem- 

perature of the latter month being 69.06 degrees; of the 

former it is 63.37 degrees. The mean temperature of October 

is 49.58 degrees, falling as low as 40.02 in 1863, and again in 

1869 to 42.72. 

In order to show at a glance more plainly the variation in 

the annual mean temperature, we present the same in the 

form of a diagram (A), table I (8). The o in the left marginal 

column, represents the mean annual temperature for the period 

of thirty-one years, viz: 47.57 degrees—the range being three 

below 44.18 and five below 52.14, or, 7.96 degrees in all, as 

may readily be seen upon an examination of table I (2). 

Diagram B, table I (4), shows the extreme means of the 

monthly temperatures ; the upper dotted line, the greatest 

(maximum), the lower dotted line, the least (minimum), while 

the full central curved line shows the annual monthly fluctua- 

tions of temperature—all of which are deduced from the 

results presented in table I (2). 



CLIMATE. 147 

TABLE I. (5.) 
TEMPERATURE OF THE SEASONS.—1850-69. 

SEASONS. TEMPERATURE. | MONTHS NEAREST SEASONS. 

3) at! | a 47° 44/7 ROVER prtsernars 8S Se 48° 50/7 
SYST 5 5 5 dacdtate & « 10° 377 VATIOBGs Osa asar OS vane 10° "707 
POT AMIETT: 5. oi Sieie.e 44° §2/ Ocvouen x .45 zeae 49° 50/ 
WWMMECT 2. o oaia2 Seiecs 23° 377 December......... 23° 257 

a Cae ee IEE OE, AAP Bleeder, oc aisobiic, dona | Sha ait Ge kee SRE 

RANGE OF TEMPERATURE. 

Highest........... Hap(MIOON 1 Naust sist iGod, ol) ele 
ciwicsiza seated cn! ts 30° 007 PAMMAEY ROC, LGAhe wel ue cee eice'ec aa ue 
Lee nee ae RO en estes serial cial mar Ewe hoi cs eras as 1 OE © on alae 

Table I (5) shows the temperature of the seasons, being the 

mean results for the years 1839-69 aforesaid: To this table 

is added the mean temperature of the months nearest thereto. 

The month of December is here joined to those of January 

and February of the same legal year. 

Following this is the range of temperature with the dates 

corresponding. The highest temperature here occurs in 

August, while July is the hottest month of the year by nearly 

two degrees, and January the coldest by three degrees. 

During a residence of more than thirty years in central 

eastern Lowa, I have never seen the mercury rise to 100 degrees 

nor fall below 30 degrees. 

The mean temperatures of April and October most nearly 
correspond to the mean temperature of the year, as well as 

their seasons of Spring and Fall; while that of the Summer 

and Winter is best represented in that of August and 

December. 



148 PHYSICAL GEOGRAPHY. 

TABLE I. (6.) 

TEMPERATURE, TIMES OF HIGHEST AND LOWEST, AND DATES NEAREST. 

YEAR. HIGHEST, | LOWEST. | DAYS NEAREST ANNUAL MEAN. 

S50: Caeiterse oorres JULY (20% 2.5 2-906 Kebrodry 3°.) April 12. eee October 12... 
A SOMY sake reseherot re sie July 20 cca sae December 16 .\April 23...... October 138... 
TODD nee mei cians July 28.4: 622.2 January 19.../April 23...... October 31 
1SDS. ANE wee ares August -IL..3.4\Mebrivary 8:.2) April 16722 228 October 17 
USDA stesso to eum see August 31....|January 24...)/April 12...... October 17 
1805s eee Tags hoe August 3..... January 23.../April 14...... [October 2 
TSG) ssicsers eieyale re swecere June 242: February 4...|/April 12...... October 18 
Sean Berets Afivtlgualic): be ae ys January 18...|April 3...... October 23 
ABOSEN DS cinch aie ene | SUG ern ee alae Hebruary 10..|April 20...... October 18 
SOO Na ein atioune sere Julivsall Sere aerate December 31../April 19...... October 21 
de) 630 Neem Meade es Oe August 6..... January-1.... April lO... October 19 
MS OUY is svete ous cuevenets August 4..... January 80.../April10...... October 25... 
UGG re johs onckeyeic te + ous ok August, Gry. se: February 14..|April 27...... October 10... 
LEG". seas 8 oe August 8..... December ot. .April 20nc..- Octobers Asics 
WE GA cot ovo nicctche ene ee July Vie coe January? 1, 2-7) Aprilior 2. e- October 13 .. 
sol alas mice Ne Sa istiliye Once December 21..|April 20...... October 20... 
SOOPER A. Lae secede ly gis caer... £ February 15..|April 14...... November 2.. 
WODT 5 clits ssuctls Welevers August 18....|January 29...|/April 30...... October 23... 
1868I t Dhavstattatans duly LAF. se: a LO RaW OME cen. October 13... 
SCO ees patelee cies August 24....|January 11.../April16...... October —... 

Hagliesty ye une 2 eee [December 16. April |October 2. 32. 
Taba ste ss Fs [August 31....|/February 15..|April 30...... [November 2.. 
Meanke 55.99: \ornly 2 Se ee | Niemiutar ys QO Ah... Sis lee Nhe AAAS oh Acre has 

We add in Table I (6) the times or dates of the highest and 

lowest temperatures of each year for a period of twenty 

years, 1850-1869 inclusive; also the days of the months most 

nearly corresponding to that of the annual mean temperature. 

We learn from an inspection of this table that the period 

of greatest heat ranges from June 22nd to August 31st; the 

mean time being July 27th. That of the lowest temperature 

extends from December 16th'to February 15th; the average 

being January 20th. The range in each case being two full 

months. These mean times, it will be seen, fall in those 

months whose mean temperatures show them to be the 

extreme ones of the year. 

: Se 
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In this Table II. (1), are given the number of days in each 
month in which the prevailing Winds came from each of the 

four principal points of the compass. The first column (1), 

including the winds from the N. and N. E.; the second (2), those 

from the E. and S. E.; the third (8), the S. and 8. W. winds; and 

the fourth (4), the W. and N. N.W. winds. At the bottom of the 

columns is shown the greatest, least, and mean number, and 

the last right hand column the fotal number of days for the 

year. Of the direction of the wind for the year they blew 
seventy days from the N. N.E.; seventy-six from the E.S. E.; 

one hundred and five from the 8. 8. W., and one hundred and 

fourteen from the W. N. N.W., or one hundred and forty-six 

days from an easterly direction, and two hundred and nineteen 

days from a westerly direction. 

Ae Ts 2) 

WINDS OF THE SEASONS.—(1850-69.) 

WO a MONTH NEAREST MEAN OF SEASONS. 
THE WIND. 

SEASONS, Tie 8 ite ene aBere lee 
(ile ae al ie | 2. | Bia a en 

SPLIMG IS. cewcas - 19.0/19.9|22.2/28.8)| April April March April 
SUMMIT ss = ever oie 15.3/23.1/33.1/18.0)| July July August {June 
AUtUMMN sacs se 17.3/19.5/25.1/29.2)|September|September!October |October 
Wamter’ ...<)22%5,<.0,0 17.0|11.4|24.1|37.8]|December |December |December |December 

CAE tee eee |1'7.5|19.0|26.2/28.5]| | | | 

Table II (2) gives the winds for the seasons, the average 

number of days in which they blew from the four quarters of 

the horizon, with the month furnishing the number from the 

same direction nearest corresponding thereto. 

In the Spring, the winds of April correspond with nearly to 

those of each of the quarters of the horizon; for the Summer, 

June; for the ee Boner, and for ne Wag those of 

December. 

The same results are one an plainly exhibitedin Diagrams 

C and D, of Table II (8), the former showing the relative 

frequency for the year; the latter for the Summer, (June, 

July and August) in the full curve; and for Winter, (Decem- 

ber, January and February, of the same year, in the dotted 

curve. 
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DIAGRAM B. 
ae 

a Showing the extreme means of Monthly temperature. 
a 

he fill (central) curve shows the annual (monthly fluctuation 

of * femperalure.. 

DIAGRAM C. 
Showig the relate frequen’ ff cach Wind. feoughout the year. 
Q 13850 1869 

INT 



DIAGRAM D. i | DIAGRAM E. 
Showing lhe relative frequency of cach Wind durag Summer Showing the relation of Rainto the direction of 

(Suneg July & Aug and Winter Dec: San'y § Feoy:) theWind throughout the year. 
“ 

N

e

 

CG 
The full lnefor Summer, the dotted ‘Orie for Winter. 

OS Ie 20 40 

TAGRART 2. 
Showing the relation of Rain tothe ducchon of the Wind 

z DIAGRAM G. 
during theSummer(MarAug) kWuler (Sep!—Feby) Showrng, the distribution of Rain throughout the Season 

(Dotted lines tor Wiater & full lates for Summer. ) 

W | ie HX fA 
eH 

Z 

“ex ray : 0" 

Dit hint an se. .)!!~C~*~*S 
oO Ss 10 20 

Ri ek eee eC eRe RP SL : 

Poli c = DIAGRAM i. 
| DIAGRARI HA Showurg the relation of Clear Weather. /o the direction of the 

ane the ae ci Clea AMG sere to the davcton wind during Summer Mar—Aug)and Winter (Sept. -Feby ) 

of the wind throughout the year ( 1850 — 1869.) OX ( Winter, dotted curves —Sunimner, full curves ) 
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' The Rain and Snow, number of days each falling in each 

month, is given in Table III (1) for the same period as first 

given—31 years—to which is added the same for the year, as 

also the greatest, least, and average number of days upon 

which each fell during each month of the year. 

No snow has fallen in either of the months of May, June, 

July, August, and September, while there is generally less or 

more rain in each month of the year. 

TABLE III. (2.) 
MONTHLY AND ANNUAL QUANTITY OF RAIN AND SNOW, REDUCED TO 

WATER IN INCHES. 

pil | | | g | | 5 g | $4 
| Bil | | ¢13ia+e12) 4 

YEARS. $i sie 3 : tes liek 2 bo m 
a|s g | Ade wie ee. 8 EEE] 2 | 5 
alee Gee ave a ee PAM 

BRS. .2. kee. Le)8 11.20/1.60)2.10| .70| 340) 2.50/5.70| 9.10/3.00/4.30/1 40/1.29)26.29 
AO es eek ate E 2.82/1.80/2.41| 4.70) 4.70/12.20} 1.40/12.20/5.00|4.80/6 60 1 14159.27 
BSED: sas Le 4.62| .80}2.08] 3.30) 3.70} 3.50!5.00/13 00|3.90/2.70/3.59)|2.87/49.06 
OA ic oe iticte: « eat 1.55/5.34/3.03) 3.60|12.60)14.30/8.60)14.00/3 50)1.40/3.63)2.95)74.49 
SRO SS OS 2.52|1 00|8.60| 5.30) 6 50] 2.20/3.70| 2.80|8.30|7.60/5.76|5.11/59.49 
MEE w sc crete aeele 43) .90| .'70)11.80| 4.60 6.40!6.60 1.70/6.20] .21/4.92| .32,45.78 
EI E se cre digle Ste sto td 40)1.80/1.22| 1.76] 6.21) .66/2.22) 3.83)1.13)4.22) .19| .51!23.35 
[ICED SRR Ee ge A 1.68] .70/1.87| 2.55} 1.94] 4.75)2.35] 3.51/1.84/2.86/2.18/ 2.15/28 38 
CY ec ame ae eae .12/4.46| .51) 3.44) 4.39] 2.86!2.74] 1.386]2.45/5 21/4.85/6.25/38.17 
TB) ERMAN RAS 5 .61/5.80'3.33] 5.09} 2.75) .90|4.67) 6.00/1.80!1.95)4.7'7/1.85!39.52 
LIST OSE ee Oe ine ane 1.60/2.00/2.20| 2.00) 8.40] 6.70!7.30) 4.12,6.10|4.90)4.54 1.82|51.28 
eS ne 6 .9411.72/5.01| 1.05! 7.49] 5.82 203 1.70/1.80) .85|4.53)1.81 32.65 
SGD i Pe 1.17) .43} .55} 1.67| 1.42] 3.66/4.03! 2.30)2.76/1.00)2.09|4.02/25.10 
RESON «ic othe daha « .28'3.91/2.30| 4.40} 2.95] .40/2.70| 4.07/9.92)9.16 2.93/2.87|47.89 
1 Uo) OP ae Ae i 29] .388/4.06| 5.380) 8.65) 6.07/3 10} '7.380'6.10)2.49|3.29|2.75|44.78 
1 CLT ate CEMEN CAS Se 3.40|3.02/2.58| .55| 4.56) .21] .80| 2.44'4.44/4.10|4.11/3.55/33.75 
AIS GA. scree state 2.90| .67|5.64| 3.97 278 5.70|5.00| '7.60/2.12|4.55)4.82]1.60 51.57 
PS Decora). fale's. "Sc wiaees .80/3.15|3.57| 9.31) 2.72 Leelee 1.35/8.75/6.385| .25| .83/45.384 

2 LUST eae a pel |4.19| .79| .83| 292) 1.59] 4.76)6.55|) 6.85 6.53!/4 61/1.41/2.34/43.37 
SDM idee ese 5 te 1.26|4.76)1.90| .95/10.60| 3.94'3 94| 4.45]4 62/3.06/1.97| .73.42.18 
OOD ertials 6 <0 moe .17/1.51/6.31| 4.92) 7.20] 1.28/6:15| 4.67|5.17| .33)4.38 ae. 
EO eee Sane ore 1.56/2.65; .43} 3.16! 4.06] '7.42)'7.42|11.43)8.09)|2.07/3.42]....]..... 

Maal Ce sis (1.52|2.21|2.78] 3.79] 4.95| 4.59/4.68| 5.69/4.24/3.65/3.27|2.84/44.27 
Ledst. Seu ede | .12| .88| .43) .55] 1.42) .21] .80| 1.36/1.13) .21] .19) .82/23.35 
Gregiesiin. oace : (4.195.80|8.60|11.80/12.60|14.30|8.60|14.00/9.92|9.16|5.76|6.25|'74.49 

Table III, (2) shows the quantity of rain and snow, reduced 

to inches, which has fallen during each of the months and 

years—from 1848 to 1869—a peiiod of 22 years. The greatest, 

least, and mean amounts are also given. 

20 
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The mean amount, 44.27 inches, is greater than meteorolo- 

gists on the seaboard have been led to expect. The greatest 

fall 74.49 inches in 1851, and the least, 23.35 inches in 1854, 

furnish a range of upward of fifty inches. August is the 

month in which the greatest amount falls, and January the 

least. 

TABLE III. (3.) 

MONTHLY AND ANNUAL QUANTITIES OF SNOW IN INCHES. 

YEARS. JAN. |FEB. |MAR./APR. |OCT. |NOYV. |DEC. ace: 

BARK les. ue RE / 1.10) .10| 210) .00) .00) 8.51/29.52) 36.33 
isso) SO gen ee es | 8.22/ 32] 1.12] .00/ 00] .0o| 4.75| 9.44 
{ea00 Mik ket ee ae 2291 (00| .81| .20| .00 921 3.71 7.90 
erie ae ee (e Weeeme every 50| 8.41} 80] 6.00| .00: 1.30] 1.50/ 18.00 
(e550 0s ihn i et 3.20} .00/ 5.50/ .00/ .00130.00/11.40) 50.10 
(GST EN Joticte ek eee 1.00] 2.00/ 2.00! ‘00! -11/ 8.00'3 20| 16.30 
154 TG UAE ayes iy an 4.00) 5.50! 1.00) .00| .00/ 1.00] 1.00; 12.50 
TSR Aa END On eet 17.50| 7.00] 6.5C| 00] 50] 1.50/13.00' 46.10 
Te amen nr nee 12.20 12.00 51} .00| 00) 5.20119.00; 54.40 
ASD TET Ee aR dod ie 6.11] 3.00] 8.97) 5.03] .00] 8.50) 3.50 35.10 
S584 er eee i Re nee 00)18.40/ 00 2.02) 00) 5.40/12.01| 37.40 
105, ee bei US Heise 3 fella '40| 4.10] 4.00/ 1.05 .10/ 2.001 810 34.82 

WS6OR A et De Ee 1765| .30| 10) .00| .0u) 6.00128.00| 52.08 
Iie hon ment a yy ep 18.05/16.75| 1.10/ .00/ .00| 3.30/ 625) 45.45 
i1gGo te Men kine ee Se a 94.95| 2.75|16.15| 10/ .00/ 530! 10| 48.65 
1863 Wy Aodetiie (G0) ie 2.92] 8.70! 2.34) 00] 410] 240125001 45.46 
1C6ADS VRC DU HAE Dek: dae 3.15) 1.10| ey 00] 100] 2.10) 425] 18.27 
ARES Lcuetide, le Lun bee 315! 5.90) 3.57/ 1.00] 3.00! .00/ 211; 18°73 
(S66 CU hie See) ee Ea 5.75| 5.59] 520) 10 0 100/12.00/ 29.64 
ABET ie Ca ELVA RG. Rt oat 12.63/27.00/16.00/ 00] ‘111 113) 6.101 61.97 
JGR Coe uk Wak Tle Tae Me 1.12| 7.00] 1.00 1.00 09 110) 8.99| 19.38 
1CCUMR ILL) DOs ands ae & tone | 6.30/12.55| 1.60/ 20] .ool10.66| |... .... 
TCE EL EGER L El MAES | 6.70] 6.73] 3.93] .76| 40] 4.73] 9.21| 33.23 
ee ea ee are ee ' 00} .00/ .00} .00] 00} .00] .10|—«7.90 . 
Grcstcat 1 ag WT ee eae |24,25|27.00|16.15| 6.00) 4.10|30.00/29.52) 61.97 

The monthly and annual quantity of snow is given in table 

Til (8). The greatest fall for a month was December, 1848, 

29.52 inches; for the year 1868, 61.97 inches. 

any year, 1850, when only 7.90 inches fell. 

erally falls in December. 
2 

The least in 

The most gen- 
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TABLE III. (4.) 

RAIN—TOTAL QUANTITY FOR EACH OF THE SEASONS. 

Ly Wiel aie 
YEARS. = a 

ED RS ree a 
eg ee a 

Ree ies rere acids a= fake wwe ale cicleisials = esac o's weve ~-9-08/21.50/10.19! 8.29 
LSE Li Aglac oo OA eis Wdle MR ene tegs © ages Cee eee ee eae 19.23|/36.90| 8.53] 9.84 
LSD 2 5 eu ti SEER bre On Ae Een ee ae ee iar ge 20.40} 8.70/21.66| 8.63 
LIGHLS orci. SE ni 0 ovata Cae Ce AE ose ee 116 10|14.70/11.33| 1.66 
DS Pte NE eos, 2 Pesos ales cidioray shai vies oh nl nlelta cs ame! ara d's oi 6149 aie me 9.14] 6.21| 5.54| 2.71 
esate Atha ecc deo ties nv yciahtne Sie crab Siaime e's alee eisinbiees aes 6.36/10.61| 6.88) 4.53 
Festi (RR eR DES Sr hes otal Dwain de oie 6 4). asoxelorn eds aah s eames *8.34| 6.96)12.01|10.88 
Mae EME Pees erential d cj Sacccia) eatecere\ Wed dys eed wade e 3 diawl we wos 11.17/11.57} 8.52) 8.26 
Bok eee eee tas nes yan et ci is (aa eke oie Sieve oe ara \w 4,5, sible «hha wim sieges 3 > 12.60]18.12/15.34) 5.42 
Hire) ae Nees a lata! ot aA RY oy oid WALES m2 Wile (ops. oleae A ose ela 00 13.55|10.45| 4.18; 3.47 
TSU Dog Ae lec Saitens epelaey elle eA scr aes Pr De 3.64] 9.99) 5.85| 5.62 
1s) 11 De gcaoy @ es & Sint Merah n eae EER oP Or Be ae oy 9.65| '7.1'7/22.01| 7.06 
LST 6 SERCO OS CE RE ee, Se ee a 13.01/16 47/11.88] 3.42 
eye ee etary eerste te a Ace ds Sr a ok Cuisine Babee 7.69] 3.45/12.65| 9.97 
eSB eee ee tenet a Nd dees ee essche coors: o? fgaNichjet su ijatw: e\iniel sie iotdt ere eiegedesepnisus’ 13.21)18.30/11.49| 5.57 
LUSTER "e Cketd Beene eae on SEA Re oe ae MEDAL oR A, eae ee re a 15.60/15.61/10.35] 3.78 
LSE OEP es 288 odd DRS Oe CAE ARIES, SiS Pat aes ey Pr oe eo 5.34/18.16/12.55| 7.32 
TSE 5 2 BE & Rees 5s ee One eae ERE eae ee A 13.45)12.43) 9.65] 6.75 
LGINS. Sie Seb + 5 SELIG ASE RE: aI OPE Riser an oe 18.43/12.10] 9 88} 2.49 
erm eee on oe ei Nabe e toa 5 '7.65/26.27| 8.59]..... 
Geaned) | 3 ce eae ee |19.23|36.90|22.01|10.83 
Libis oh ak 0 De a eee eee | 6.36] 8.45| 418] 1.65 
Ripe ee eee ata BL Pah dds aero oa oo ys oath wale o + \11.89]14.93/11.22| 5.62 

The total amount of rain for each of the seasons for twenty 

y ears—1850-69—is given in table III (4). Much the largest 

amount being in the summer, as may be seen from the 

amounts greatest, least, and means, at the bottom of the 

table; spring and autumn having the same mean—eleven and 

one-third inches—while summer is nearly one-third more, and 

three times as much as during winter. 
Illustrating table III (5), we give diagram G, exhibiting the 

same results in a more visible form. 



156 PHYSICAL GEOGRAPHY. 

TABLE III. (5.) 

DISTRIBUTION OF RAIN THROUGHOUT THE SEASONS, WINTER, SPRING, 

SUMMER, AND FALL, 1&50-69, A PERIOD OF TWENTY YEARS. 

Winter, total, 117.29 inches; mean, 5.86 inches. 

Spring, total, 237.11 inches; mean, 11.85 inches. 

Summer, total, 278.06 inches ; mean, 13.90 inches. 

Fall, total, 216.73 inches ; mean, 10.83 inches. 

Winter taken as unit, as 1.00, 2.02, 2.38, 1.88. 

TAPLE. TM. 6.) 
RELATION OF RAIN TO THE DIRECTION OF THE WIND. 

SPRING, SUMMER. AUTUMN. WINTER. ! R THE YEAR- 
Peer hy pie 

ea teniealan TT PTEMES Taio EMEA F Zea es | 4. 

1850... | 2] 1) 2 4) 6/11) 1) 3) 3) 8) 6 2) 2 2) .. Jeo, 
ea] 8 aa HS 9). 3)..) 3il 2) 2). Sill oils ill asia 
e652 | Bl Bl lel. al..}. 514i} 3i-3i 5) Bil alee i 10N) 3s) eae 
1863 (04. BB GO Oh Bt ARC I an) 8) a oe 1 St ight i ean 
1854... | 2) 4) 2! 1)| 4 4) 2, 3 ee Re oc| acll (BI 2122 me 
1855 .. Ava 1} 4/11; 2)| 7 @ 4{ 6] ..)..) 4) 4|| 12) 12] 23) ae 
4850 .-| 3) a] 3 3 3] 3/30] al) Al 2) 9) 4) al al 4) 3) a5) 10) 26) a4 
1857... | 4) 8! 6] 5i} 1! 6} 5] 121i} 2 6/10] 2i| 3) 4/10, I} 10) 24] 31] 10 
1858... | 6] 8/14) Zl 4! 7/17) 5i| 8] 6/11/10 sbakal ll és 931 50] 22 
1d Be call ath lO 2) eal ale aieh eee 
1560 <<) 3] oni) 8] jo] af a] a) 83) 3/4) al al 3 9| 25} 26) 13 
1861 .. | 5] 6| S| 4} 2) 2) 3] 4} S| 5] 2)13/! 4) 3] -2) ..\) 13] 16] 15) of 
a ea ehgt ol clita) give] wellei ao al ee ee ein 
A868 .. +16) ..| S|. 4]| “5! a) 2) Bit 2] 1] Si Bil 2] 4] 2) 2) 45) 6) Ba) ay 
1864... | 11) 1/10] 5i| 5! 3/14) 1// 5! 6/10) 14); 2)..) 2) 2) 22] 10: 33] 22 
1865 .. | 6| 5/9] '31| 3] 4/10/40) “7 3) si Si) 3] 3) al 1) 49] a5) B0)-a8 
1866 9| 7] 3i All ..| 6113) Zl 6! 3] 6] 6Il 4l.-1 4.) 91) 29 dé) Saini 
1867 5} 5) 8! dil 383i 5/15!) 3il 3l..| 8! 3 al 2.{| 14! 10] 34) 44 
1868 q 15 7 | 1| 2/10] 2 1 js 8 Be A hoe 2 8| 39] 17 
1869 2) Al 517] 2)) 5) 9) 20h bt a. ahh 
Mean  |5.0/4.5/6.8/3.1||2.7]4.3/9.1[3.3]|2.6|3.4]6.7|5. 3} il, aL ap. 81. 1]/12.8/11.4]26.3/12.4 SHL. 4226. 312.4 

The relation of rain to the direction of the wind for the 

year, and also for the seasons from 1850 to 1869, is here given, 

table III (6). In this table we have sought to enter only the 

days when any considerable quantity of rain fell, and not all 

rainy days. The figures 1, 2, 3, 4, at the head of the 

column refer, as before, to the principal points of the 

compass, 1 being N. N. E., etc. 

the 
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The same results for the seasons and the year are much 

more conspicuously seen in the diagrams EK and F, table III 

(7). The former gives the results for the year, the latter for 

the seasons: Summer, March and August inclusive; and 

Winter, September and February inclusive of same year— 

the dotted curve for winter and full curve for summer. 

These diagrams show very interesting results. The rains 

curve during the seasons and during the year accompanied 

with southwest winds, or, in other words; the rain-winds are 

from the southwest, the very opposite to the rain-winds of the 

Atlantic States. 

Twenty per cent of the rainy days are accompanied with 

N. N. E. winds; 18 per cent by E. 8S. E. winds; 42 per cent by 

S.S. W. winds, and 19 per cent by W. N. W. winds; or, to sum 

up, 62 per cent occur in connection with winds from a westerly 

course. 

TABLE III. (8.) 

RAIN. 

Greatest fall of rain, 10.71 inches, August 10th, 1851—11 P. 

M., 10th, to 3 A.M., the 11th, 4 hours. Wind N.E. both days. 

SNOW. 

Harliest—October 17th, 1859. 

Latest—April 29th, 1851.. 2 

Greatest—December 21st, 1848, 20.50 inches. 
December 28th, 1863, 15.10 inches in twelve hours. 

Table III (8), furnish brief statistics of rain and snow, the 

greatest fall of the former, and the earliest, latest, and greatest 

of the latter. 
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TABLE IV. (2.) 

RELATION OF CLEAR WHATHER TO THE DIRECTION OF THE WIND. 

SPRING. SUMMER. AUTUMN. ___ WINTER, ; | FOR THE YEAR. 

wes] ca |e le 12 [3 ea ee ee ee 
1850 j11 ea ee eae 21-9) 46) .910 5). Bl, Oly SIE eh Bel masimaS 
1851 | 5/ 5] 2] 1); 10) 6| 1] 3]] 6 7 4} ail 6} 8} 7 all 27] 26) 14) 9 
1852 a zt al ai 5) 5) 2/..j/i/ 10; of vl sl a el oll 26) 2s in| 19 
1853 | 9/ si 5] 2i| 2} 3) 4] ail 9} 4} 6] aii 7 4) 8] ail 26} 20) eal 6 
1854 | 8/ 8| 4] Sl} 2/12/13) 3) 4/10] 4) 11]! 5} 4) 3) 151) 16] 34] 24) 937 
1955 | 9)x1) 6} af ol | al loa) | a] 4) a) & 23] 24) Bo) ai) ap 
1856 | 4| 9| 6] 8i| 5; 12) 14/121) 2) gf 1a) 4 A 4) 4) 20/| 11| 34) 35] 44 
4857 | 11 IG) Wl) 5 410 8) SAG) Ss) TAS als Wis 18) eae 
1858 | 4| 8| 15/18// 5| 7/12) 4)| 5] 2115] 13/| 2} 3) 23! ev: 16) 30 75 62 
1859 | 1! 5/11] 8i| 6) 12] 10] 7/10] 4/10) 16] 1/ 1/13] 20/| 8] 22] 44) 51 
1860 | 2| 7 11/20|] 4/13] 3] 12)| 3) 7} 5] Gl} 4) 4/15) 19|) 13] 31) 39] 57 
ASG cil aiteetnt lc GIs loeleS le al as ea ee 5) | 2/10; 15]! 18) 14] 41) 33 
1862 | 7| 6} 5] 3) ..|11/ 19] 7] 3) 740 20) 6| ..| 6; 13)| 16} 24| 40) 43 
1863 | 8] 6! 6) 16]| 8/ 14] 10 si 6| 4) 6) 10/1 1) 3) | Bil 25|0 87) 27 33 
1864 | 7) 1{ 7 14)) 5] 9) 10] 10)/ 6) 3] 6] 10]| 2! ..1 15) 20)! 20) 13) 38) 51 
1865 | 2| 2| 10/131] 5) 7) 15} 41]| 4) 7/12) 131) 6] 2) 6] 16]! 17] 18] 43) 53 
te eee| cies ae al aa 8] 12/| 8} 12] 1] 8|| 5] 2] 5] lel 138} 24) 18] 47 
1867 | 5} 9| 10/25]! 4) 6) 14) 4]; 4) 2] 14) 11]/ 3! 2) 8) Jo}; 16) 19) 46) 50 
1868 | 5] 3 ‘| 3)| 3) 10 i 3|] 2 ; ; 15) 4 2) 5 5) 14; 20 a) 36 
1869 | 3) 11a Abell 9c 16| col; -2lleceal cae alb et ell lee cl oe real crea ee ace 
Mea 115. ||5.2|6.4|9.3|/4.7|8.3]9.5| 5.9|/4.9| 6.0|7.7/8.5||2.7/2.1/8.0],13.1|/17.5| 22.9] 32.3/364 

The Weather, as to its character of Clear, Variable, and 

Cloudy Days is given in Table IV (2), for each month and 

also the year. 

This Table is introduced that it may be seen which relation 

the Clear and Cloudy Days bear to the whole number. The 

Clear Days are 82 per cent; Variable, 46 per cent; and the 

Cloudy, 22 per cent of the whole number. 

The relation of clear weather to the direction of the wind 

for the seasons and the year, is given in Table IV. (2.) 

For the year, the mean number of clear days in twenty 

years are distributed as follows: 

17.5 occurs where the wind is N. N. H. 

22.9 occurs when the wind is EH. 8. E. 

82.3 occurs when the wind is §. S. W. and 

26.4 occurs when the wind is W. N.W. 

By comparing this table with that exhibiting the relation 

of rainy days to the direction of the wind, we shall see that 

the greatest number of rainy days occur when the wind is S. 

S.W., while the clear days occur when itis W. N W. 
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In the diagrams H and I, we have the same results in the more 

visible form. That of H for the year, and I for the seasons, 
the full curve for summer and dotted curve for winter, including 
the months of September and February ; while summer includes 

- those of March and August. The greater number of clear 

days are accompanied by winds from the W. and N. W., while 

the S. and S. W. winds furnish the next greatest division not- 

withstanding this is the quarter from whence comes the rains. 

TABLE VY. 

FROST AND ICE—HARLIEST AND LATEST OF THE SEASON, DISAPPEAR- 

ANCE FROM THE GROUND, ETC, ETC. 

| FROST. | ICE 

| Tee Seairame (he gate aes e 

aie ee | eal aa ee e |33 
2 5 | cf lag 2 fh aus 

Re arte eee ee 
55300) Ree ne eee Sl die PAS Cre rie. 2) ager eee Mar’h 25|Noy. 7.... 
Oars ct ake cis eae a eee AES MIE DL. Op rcds/bs oetahis ws. « ADEM: 1S)OGh oP Slio:. 
(ic! 1 ee eee ae ApsiiSepts hi {HAL ih... - April pe; 17)... 
i [}5/2 2) eel ee UME: 4 Sep Me oC) cle Apr Sa Ocis cSt. 
Sen Sey vaslvecinctenstcle a eise tore Bay OG Ve eS se jMay .. 1Qebt. .-8h.2. 
He hers ah ore Aart Slo a May. 2hOct. Vio... .8.,. Mar'h 30|Qet.. -16) 2... 
MTs ever Sesratar deonctanveie'< 2 35 May 2oiSept. 21)......5. April. 8:Uek.. > bls)". 
[SHE eS ae Ree WAgiril 110d. V2) ..uete is April 13/Oct. 18].... 
He eee Cas > oo eeey, eelOe: WOR Ilsa. <i. s May  4|Oct. 14]/.... 
CPS hana AL Bt PR ae May YOiSept. 23/02 ° 2 Sol we April 26) Och s--Te. >. 
EOE hed Domes ehh chats May 1\Oct. I Pave. eee a 2 April 20/Oct. 18).... 
PEDO M Ses 36 os lowe ewes ee April 2aiSept. “iis. .t..0a. «2 April 23/Sept. 29].... 
IED Wey Sean ciate = aeeeteneig ae wee May S\Sept. 28).......- Sy aah bay,» i Oetbs (EB) 2 2. 
Raves oy orca a 8 divarcinca an? as May 20\Sept. 26 cy eegiea.s sau cpapril .22/Sept. -26).. : 
Mew acids ciistaro Ace e dass May. 25)Sept. 10)........ 1. .apMay . -L38/Qeb. - 2)... 
PSOE A ltl ae May  2|Oct. Bap... .. 306 vee piay .  2i/Oet.. - 1b). 2 .. 
WOO Ma sp cbaey as a/c hacs eet ws May. .-GiSept. 27). 2..2... ose Mlay » es6j/ Vet. » 251)... 
SOU wes orss Dine Sa ean eats April 19|Sept. 24/April 10| 29/April 19|/Sept. 24} 27 
TSO erect a's cates ae [May 20|\Oct. 14;May 5] 14)May 12/Oct. 20) 12 
MSO eo a sate okhatc April 26|Sept. 12;April 1) 12)/April 16;Oct. 7 10 
SSO feo Sasc oie anereh 42. ose April 23|Sept. 2)April 1| 11/April 23/Oct. 6! 10 
OOS 5+ detoiags wanes May i\Sept. 11|Mar’h 20| 11)April 2)Oct. 24) 11 
LSE) os oe ee a oe NR May 4/Oct. 23|/Marh12) 20/April 16|/Sept. 24! 21 
MSU yan a) ieOR SS oa ae April 24;Oct. 11]/April 1} 20jApril 6/Oct. 25) 20 
iS Cee es Site eee hoe gee *Aug.25)/Aug. 29|April 2| 18)April. 8/Oct. 7 20 
TST E, 5 SCG. Sane a ee ae ne May 11/Sept. 19|April 17; 18)April 14'Oct. 18) 20 
{Oo Os Eas ene eee May 11|Uct. 2{April 10| 20)April 6)Oct. 15} 18 
Re ry scree ears cas Orns May 2|Sept. 21;/May 7 20|April 6)Oct. 381] 24 
Pe eicisd, ohn Grae tess dee Son nr May 6/Oct. 23\|May 23) 18/April 6,Nov. 4] 18 
LUC To Ao. Oe ne ee April 5/Sept. 17)April 15 20;April 8|Nov. 1] 22 
AS a actot us, do's) os.nrs May 19|Sept. 26;April 7| 21/April 13;Oct. 13; 20 

LIES at Go a eee |May 26/Oct. 23|/May 23] 29/May 13|Nov. 7 27 
BO a Fi orsiy Ek i ee a a ....jApril 5j/Aug. 29|Mar’h12| 11|April 2|Sept. 24; 10 

bee as eee ee |\May 4|Sept. 24|April 10; 18/April 18|/Oct. 15] 18 

*1863—Frost every month in the year; the last hard frost, April 13th. 

21 . 
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The year 1863 was a peculiarly cold year. Frost occurred 

each month, and for comfort as well as health, it was necessary 

to keep up fire occasional each month, July not accepted. 

October was very cold, more so than this month of 1869. 

The mean time for late frost is May 4th; early in the fall, 

September 24th. The latest in the spring was May 26th, 1847, 

the earliest, August 29th, 1863. 

It has happened but once or twice in the last thirty years 

that the frost has, over a great extent, seriously injured the 

corn crop. When the spring is late, the fall is either quite 

hot or lengthened so as to afford the crop to mature. 

TABLE VI. 

FLOWERING OF FRUIT TREES—1848-69, 

YEARS. | APPLE. | PEACH, cHerRy. | PLUM, | PEAR. | eure, 

DRC co a eee, Ob ec ices April 23|April 16! April 18/ April Pill ois Rises ete [sie eee 
Soe GU were erro Yea gee key .| May, .3|May ) oS) May. May 4)o5. jase. eee 
PSO. Sepak aliases os Ske ely eee May. 3iMay 1) May. AlMay. Alec te eee 
TSO hc See hae eee ee May. 3/May 1)\May 1 diApril 29)... 02s elec 
SOD val aan whee ce 6 -.ceanares May 10;\May 10/May Sd)May 1)May 4)........ 
LSD sFe Sota Pe een ears May 4jApril 30|May 1|/May 3\/May 3)/May 5 
DSO ss Waal) aka aah Cees Be April 24|April 20|April 22)April 21;April 20/April 24 
SOD ia eee eee be RU nie April 29|May 1|May 1)May 10)May 1)|May 10 
SO OER ak pints, eters fue eer May 12|/May 10|May 9j)May 12/May 15)........ 
LOOT Sak eisai tees Se ki detats alls @ ened wiallie cuarobeue es fentretmee ell SEI eaiacel «eect | ee 
folic hee eee Sas en en MO pre EAA Sree aod ne CS ess clas So sila sos << 
RoHS Eee erate ct arcanrmes! Sie .|\May 4|May 2jApril 30;April 380;)May 2|May 8 
col] Ne et mmr Cn rrr seem ames amt a Ai Gry ole Ran Ele OG Ge Sk 3. - 
TSG tsep eles: sae eio Seep May) Sah Agri olen ene Rel Apral 24 cee 
USO 2 eae ohana eye Maye doe ck SIR ease UNGay) 6) Mayor Oi, eee 
SOS rate Coie eee esate May 3)May 1/April 27j)April 30|May 1|May 10 
1864 5x, ae So ht eager iopos May 10!May 8/May 4\May ‘7|May 8 May 17 
TSO discreet eae May 3)May = 1jApril 27j|May 1|May t1;/May 10 
BOG.) 529.5 che ee eee Re Aleve May 24|May 20|May 17;May 14)/May 16|/May 25 
SGM cl iis Oe eee cere ee May 18);May 13|/May 14/May 12|/May 105)........ 
AS OBS Sths..' ss rh Oaege eee May 10|\May ‘7)/May 6|May 4/May = 9)........ 
SOO ice... cat ole eeaoeeeeree Miaty-) o)o..eeiens April 3U|May 3/May 4i........ 

Mea ie 1:5 3. oa kee [May 6|May 3|May 2|/May 2|May 45/May 10 

BAUME St. ev cuca |April 23|April 16|April 18|April 21|April 20|April 24 

BATES isos Brides Siepeue ete |May 24|May 20|May 17|May 14|May 16|May 25 

The foregoing table may prove of interest and value to 

the horticulturist. The peach is winter-killed to such an 

extent as to prove valueless. The mean time for late frosts 
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being May 4th, and the mean time of the flowering of fruit 

trees being May 5th, it will be seen that the young buds are 

often injured in the spring and a partial loss occurs. WNever- 

theless, experience has proved that in many localities, with 

many varieties of fruits, lowa is fast becoming a fruit-growing 

State. 

TABLE VII. 

MISSISSIPPI RIVER AT MUSCATINE —TIMES OF OPENING AND CLOSING 

AND NUMBER OF DAYS CLOSED. 

NUMBER OF 
DAYS CLOSED 

YEARS, : OPENED. CLOSED. CONSECU- 

TIVELY DUR- 

ING YEAR. 

Rees NERECIE Peon ee ow cc as nace © Mest ss | Sao Mle ogy OSes 
Wecsmner Pe eh oe 80 

Sacer RE NEUAEY AU. Gas oe cu’ aselet Ieee a cc oeiaist Woveleeelcs Gut 78 51 
PSAP RPP CHEMALY (QI. ccs sac es dec «5 SRREMERE NEON, ats wade ne ce oa nla Ae Pees 

MICECRINEE RP hia 4 toast es chs ores 45 
1338 Mee) Esc) TA Re ee ena ene IECEMIMEDIA 6 pie. snneicmaie,s ses 60 | 63 
Wo teesta| PEDEUALY 20) oo woud ces bees INOVEeRIDEr Pi: oo. 635/420.) 62 93 
tee MEU R yee eee wep 2 ouch SER Rly Sie cakes Sie abcils «aed a Se lesa ob *133 99 
1844... .|February 23.............4. REY See cos ses eee une 1 ee 

DSR ERED Siro cca'c cc's ace es sis he ad els 30 
POE yeas: | COEUAL WLS s.5-cu.6 bak ee vale @ « DGCEMEREE bo. Secae cic +s 2S 52 79 
LEN sl ee ee ArnLU GR MO SA ee Ee Sh 2 eee 60 29 
RS ele ced WEEN, on. oc Ce hoe Bere y hetiaey Guise sae 3 vee sce Dh wl Rs os 

Beeember fart. 2.3 ot ee SA Ge oe 88 
PS4G os SUM elmer yy, UGs rs Seed ss bee hid o December ore lec cans 63 63 
Ieee AoW NECRECR Bet acces Ges, spaa’ Sast ls ogi WIECEMBEE O04. ce Ven se oc - 88 86 
POOU TS POMEMAEYy 19s . odes Jeeves 3 Ver racer Nae ee Mare a ee cea ue 64 50 
Gods OE ebm yo oh ccc «oie oie ewe JATMAEY cc's & Sec ge we dews's Beet Wiens cn 

PCE EMEP Rees taciak cose auhs oi = on: a7 
fG5e.., aN Pebeuam ys Ot de t.92 oes: INeowenmiber 182 225.5 .Gelede. 70 98 
Phase. |. (REORUALY 2 e5../00coeees we < December St. ooo ects ses 3s 99 56 
GOT oc MAREN Doe \des cutie cece bee he Eos aioe sac Wes e cad ¢ 60 60 
Pelee: MAREN ms a os, 6 kote eth d «2 PAWUHEM Bee. 5 Sea's baie 3 oe LD eer 

IDGecntber coc. tssaciagees. 5 whe se xe 50 
woah S00 Marche 2On cust Sosetascke hPecemmber G05. 208 ee ds. 3. 94 | 113 
eC PMEDEMELY, Qoac sae ce cena ¢ [November 25.00 2086 do ocn oily Me 

ING VERNER Shc as saae seicere ee okie a Le ote meee e Ren oes *5 63 
1858*, .. 
Pas fP COLHAEY Ole. c.<- cee ee ves PRE nC i Ge eel eis os vous Le pee 

Mecember Silas secices secs hk so S3c 68 
Pattee |Hebriary 26. sc... s<<saues Wecersber: liars ue veils os: 5.0 82 75 
POPMe a NEAEGI 8 es. oh dose WEGEMBER 25 ckijedee adie css TT 64 
etre Peay WRC RE SING io rcp civ c's, ova x laa Pats eons Beets lone re Xe oF dias a's Sie His sean 

Decemberels. o..c. 665. cbcas DECEMBER hse ee ae isos = 6 6 90 
1863252 .|Pebrary 18... 005. .... February G29 soon os fou.) Lee ie 

1D GENTE LS oe ee OR ee 25 
ROO pee NEARON. Aa oo 20s vee xd wed DeGember tees .ss ile ew cae 77 | 87 
ESR SS UNEAEGIO Bo. oe «eect wo oe hae IDGeembeE Ie ooo ce ccs. os. | 83 17 

* The river did not close over.— Open. 
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TABLE ViIl—Continued. 

MISSISSIPPI RIVER AT MUSCATINE--TIMES OF OPENING AND CLOSING 

AND NUMBER OF DAYS CLOSED. 

NUMBER OF 
DAYS CLOSED 

YEARS, OPENED. CLOSED. CONSECU- 
TIVELY DUR- 

ING YEAR. 

ISDA 4 a lleinoal Oe 556866 dasda5c0aded December ts crite 85 Be 
L867. 2 AVA pr Le. fake ece ok eect eapmetore DecemberdtsS kee eee 103 | 103 
186855. SMarch7 Om. Mec tick ecco te Decemberi2o.. oct. eee eee 81 74 
1869.2... Mebruany, Los .ni..ccwtneerer Manel nS Ao icine cte ce chen ae eee 2) Vic oes 

March 25s) Wa ESE RT ae OA Be Se ila ara, cei ceen eae 1D Me 

mabeshyi4| Appl Saye acre [RepruanyiOm secre ere ee | 183 | 118 
Earliest |November 30.............. Nowem ber 1855 Wier wince sete on |. Bah 28 

Mean... peonuary 26.5... sci. ceteris Decemberizar o-oo | 67 P| 67 

This Table of the time of opening and closing of the 

Mississippi river, is introduced both to show the length of the 

winter; and also to afford useful information to the shipper, as 

this river must continue to become, more and more, the great 

outlet for the surplus produce of the State. 

Boats generally continue to run till near the time of closing, 

and always commence as soon as opened. 

The average time of closing is December 23d, of opening, 

February 26th; and the mean number of days closed is 67, or 

but little over two months. 
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EXPLANATORY REMARKS. 

The outline of surface occupied by each formation or group 

is indicated upon a geological map accompanying this report, 

with as much precision as it has been practicable to attain, 

and to illustrate upon so smalla map. The Drift Deposit of 

Iowa is so deep, especially in its northern and northwestern 

parts, and has there so completely hidden the underlying 

strata from view,. that it has been found impossible to lay 

down upon the map the exact boundaries of each formation 

or group which exists in that part of the State.. Therefore, in 

the preparation of this map, those boundaries alone are 

indicated concerning the correctness of which little or no 

doubt is felt, while the large stoneless region referred to in 

Part I, is left uncolored. 

Three general sections, constructed upon lines, traversing 

the State in different directions, also accompany the map. 

That part of those sections which traverses the stoneless 

region is given in dotted lines, to show that doubt exists as 

to the real position of the formations there. 

In the preparation of the map-model which accompanies 

Part I, and which is intended for purposes of general illustra- 

tion only, the sheets are cut for the northern and northwestern 

part of the State as, after considering all the evidence it has 

165 
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been possible to obtain, the formations are believed to exist 
there. | 

The original plan for parts IT and III, contemplated a careful 

identification and record of every species of fossils found in 

each stratum of every section made in the prosecution of the 

field-work, to be embodied in the text. For want of time 

this work was carried no farther than to leave no doubt in 

the mind of the writer as to the correctness of the deductions 

drawn from the observations made and here presented. 
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AZOIC, LOWER SILURIAN, UPPER SILURIAN, AND 

DEVONIAN SYSTEMS. 

Although the labors of the Geological Survey, since its 

present organization, have been principally confined to the 

western half of the State, a general examination has also 

been made of the formations of the eastern half. Therefore, 

a general review of all the formations in the State will be 

given in this and following chapters; but more especial 

attention will be paid to those which belong to or overlie the 

Carboniferous system. | 
The stratified rocks of Iowa range from the Azoic to the 

Mesozoic inclusive, but the greater portion of the surface of the 

State is occupied by those of Paleozoic age. The accompa- 

nying section of the rocks of Jowa, show each of these 

formations in their order, together with the method of their 

classification adopted in this report. 

roa MORO Mins) Bed Wom 

HURONIAN (?) GROUP. 

THE SIOUX QUARTZITE. 

Area and General Characters. This formation is found 

exposed in natural ledges only upon a few acres in the 

extreme northwest corner of the State. Its area being so 

small in Iowa, it could not be conveniently represented on 

167 
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the map-model in another part of this volume, but its position 
is shown on the larger geological map. The exposures in 

Iowa are found principally upon the banks of the Big Sioux 

river, for which reason the specific name of Sioux ae 

has been given to it. 

It is an intensely hard rock, breaking with a splintery 

fracture, and a color varying in different localities from a 

bright to deep red. Although it is so compact and hard the 

erains of sand of which it was originally composed are yet 

distinctly to be seen, and even the ripple marks upon its 

bedding surfaces are sometimes found as distinct as they 

were when the rock was a mass of incoherent sand in the 

shallow waters in which it was accumulated. The lines of 

stratification are also quite distinct, but they are not usually 

sufficiently definite to cause the mass to divide into numerous 

layers. It has, however, a great tendency to break up by 

vertical cracks and fissures into small angular blocks. The 

process of metamorphism has been so complete throughout 

the whole formation that the rock is almost everywhere of 

uniform texture, and its color also being so nearly uniform 

there is no difficulty in identifying it wherever it may be seen. 
The exposures of this rock, at the localities named, occupy 

the surface over a number of acres. It also forms some bold 

fronts by the side of the stream, and causes a slight fall 

in the river just where the northern boundary line of the 

State meets it. The dip is distinctly perceptible to the eye, 

being some four or five degrees to the northward, and. the 

trend of the outcrop is eastward and westward. Although 

no other kind of rocks, in place, are seen within many miles 

of this locality, there is little doubt that the friable rocks 

of Cretaceous age, which appear farther down the Big Sioux 

in the bluffs which border its valley there, really rest uncon- 

formably upon the quartzite near where the latter rock 

appears at the surface. If the Cretaceous rocks do really 

exist in the uplands of the extreme northwestern part of 

the State as they seem to do, we have the interesting fact 

of the newest stratified rocks of the State resting directly 
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upon the oldest, even when there are within its limits more 

than two thousand feet in thickness of strata, which properly 

intervene between them in the geological scale. 

Although the dip of the strata at this locality is to the 

northward, nothing more is seen of the formation to the 

southward of that point, from which it is inferred that it also 

dips immediately to the southward again and is lost beneath 

the Cretaceous and other formations in that direction. 

Going northward, up the river valley from this point, the 

strata entirely disappear by their northerly dip within half a 

mile of the southern limit of the exposure; but within five or 

six miles still further to the northward, they rise again and 

are seen at intervals along the valley, between there and 

Sioux Falls, in Dakota territory. The falls are about ten 

miles in a direct line northwestward from the northwest 

corner of the State of Iowa. The Big Sioux river, which, by 

an abrupt bend, has here a northward course, passes over a 

bold outcrop of the quartzite, causing a series of falls, sixty 

feet in aggregate height, within the distance of half a mile. 

The trend of this outcrop is also eastward and westward, 

but the dip is to the southward, at an angle of six or eight 

degrees, being in an opposite direction from that of the 

current of the stream, and in opposite direction also from 

that of the dip of the same strata at the northwest corner of 

Jowa. By estimating from the angle of the dip and actual 

measurement of the height of the falls, we find the formation 

to have a thickness here of three hundred feet, and yet we 

saw neither the base nor the well-defined top of it. 

In Rock county, Minnesota, which joins the northern 

boundary of Iowa and the eastern boundary of Dakota, are 

other large exposures of the Sioux quartzite. In Pipe-stone 

county also, which lies immediately north of Rock county, 

are still other large exposures. The most important of these 

exposures of quartzite, encloses the famous pipe-stone layer, 

from which the Indians have manufactured their pipes from 

time immemorial. This pipe-stone is a bed of metamorphic 

clay, known among mineralogists as Catlinite, about a foot in 
22 
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thickness, intercalated between layers of the quartzite. The 

formation was originally an accumulation of sand with a 

layer of clay, and the same metamorphic action which 

changed the sand to a quartzite also converted the clay into 

pipe-stone. The pipe-stone, containing a considerable amount 

of per-oxide of iron, has a red color similar to, that of the 

quartzite which encloses it. 

At New Ulm, in the valley of Minnesota river, other large 

exposures of the same formation are found. This is the 

most easterly point at which it has yet been recognized. It 

appears only at the northern side of the valley there, having 

a strong dip to the eastward, and an estimated thickness of 

strata, that are more or less exposed, amounting to near four 

hundred feet. A large portion of one of the exposures here 

has the character of pudding-stone or coarse conglomerate. 

It is also frequently exposed in Dakota Territory, west of the 

Big Sioux river, where also some portions of it are in the 

condition of metamorphic conglomerate. 

These exposures beyond the limits of the State are referred 

to for the purpose of giving a fuller description of the forma- 

tion than could be made from those within it, and for the 

purpose of pointing out the original localities of those red 

quartzite boulders that are so profusely scattered in the drift 

of western Iowa. 

Economic Value. In a few rare cases this rock may be 

quarried readily, as the layers are easily separated, but 

usually it is so compact throughout that itis quarried with 

the greatest difficulty into any forms except those into which 

it naturally cracks. It has a great tendency, however, upon its 

natural exposures, to break up by vertical fissures and cracks 

into angular blocks of convenient size for handling. Except 

this tendency to crack into angular pieces, which is not very 

ereat in those already reduced to proper size for building 

purposes, the rock is absolutely indestructible. The process 

of metamorphism has been so complete that the rock is 

almost everywhere of uniform texture, and the smoothness of 

its fracture is sometimes such that mortar, unless the lime it 
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contains is fresh and pure, does not adhere with sufficient 

firmness to make a solid wall. Itis however the only kind of 

stone to be had in all the region where it occurs, and although 

not the best, itis still very valuable. 

Geological Age. No traces of fossil remains of any kind 

have yet been found in the Sioux Quartzite, or in its 

associated pipe-stone. Therefore we have no other than 

stratigraphical and lithological evidences of its geological 

age. The following is a summary of the reasons which induce 

its reference to Azoic age: 

1. Its complete metamorphic character; while the other 

stratified rocks, at least in Iowa, down to and including the 

Potsdam sandstone, are free from true metamorphism. 

2. Its disturbed condition; while all the other formations 

just named are at most but slightly inclined, and are all 

nearly or quite conformable to each other up to the close of 

the Carboniferous age atleast. No formation has been found 

resting conformably upon the quartzite. In other words we 

know of no such disturbance of strata as the quartzite has 

suffered, having taken place in this part of North America, 

between the commencement and the close of the Paleozoic 

time. 

3. Itis known to be older at least than the Lower magne- 

sian limestone, because that formation, near New Ulm, rests 

without perceptible disturbance, and of course unconformably 

upon the disturbed quartzite; and because the Lower magne- 

sian limestone has never been found to be unconformable with 

the Potsdam sandstone, it is inferred that the Sioux Quartzite 

is older than the latter also. 

2. LOWER SILURIAN SYSTEM. 

PRIMORDIAL GROUP. 

THE POTSDAM SANDSTONE. 

Area and General Characters. Although the Potsdam 

sandstone has a geographical range extending throughout 
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a large part of the northern portion of the United States and 
of Canada, and reaches a known thickness in Iowa of about 

three hundred feet, it nevertheless forms rather an incon- 

spicuous feature in the geology of lowa. It is exposed only 

in a small portion of the northeastern part of the State, and 

has been brought to view there by the erosion of the river 

valleys. Consequently, it is only to be seen in the bases of 

the bluffs, and steep valley sides which border the rivers 

there, while in the same steep valley sides the Lower Magne- 

sian limestone, St. Peter’s sandstone, and Trenton limestone, 

are all frequently seen to overlie it in their regular order. In 

this position it is to be seen along the bluffs of the Missis- 

sippi from the northern boundary of the State as far south 

as the town of Guttenburg, along those of the Upper Iowa 

river for the distance of about twenty miles from its mouth, 

and in the bottoms of a few other small valleys whose 

streams empty into the Mississippi within Allamakee county. 

The base of this formation does not appear anywhere in 

lowa, consequently its full thickness here is not known, 

nor is it certainly known what it rests upon. It is probable 

that it rests upon the Sioux Quartzite, but of this we have 

no direct proof. 

The rock is everywhere soft; usually a very friable sand- 

stone, but sometimes containing some clayey material and 

approaching in character a sandy shale. _ 

Economic Value. The Potsdam sandstone in Iowa is 

nearly valueless for any economic purpose. It is almost 
nowhere of sufficient hardness to serve even the commonest 

purposes of masonry. It is sometimes, however, so incohe- 

rent as to be serviceable as building sand. 

Fossils. No fossils have yet been discovered in this 

formation in Iowa, but they are found in it quite abundantly 

in some parts of Wisconsin. 

LOWER MAGNESIAN LIMESTONE. 

Area and General Character. This formation has but very 

little greater geographical extent in lowa than the Potsdam 
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sandstone has; because, like that formation, it appears only 

in the bluffs and valley-sides of the same streams. It is, 

however, a more conspicuous formation than the Potsdam 

sandstone, because, being a firm rock, it presents bold and 

often picturesque fronts along the valleys. Ifit were not for 

the erosion of the river-valleys, the Lower magnesian lime- 

stone, like the Potsdam sandstone, would never have been 

seen in lowa, and the succeeding formations now cover them 

up to the very verges of those valleys. 

Its thickness is about two hundred and fifty-four feet, and is 

quite uniform in composition, being a nearly pure, buff- 

colored dolomite. It lacks a uniformity of texture and 

stratification, which causes it to weather into rough and 

sometimes grotesque shapes, as it stands out in bold relief 

upon the valley-sides. 

Economic Value. Owing to this lack of uniformity in 

texture and bedding, the rock is not generally valuable for 

building purposes. Some parts of it, however, may be 

selected which serve an excellent purpose for such uses, and 

the cities of Lansing and McGregor are supplied largely from — 

this source. Near each of these places, some beds afford 

very good material for dressing into caps, sills, etc., for 

buildings. It has also been used to some extent for making 

lime, but thus far, that made from the Trenton limestone near 

Dubuque is preferred. 

Some years ago small quantities of lead ore were dis- 

covered in this formation in the bluffs that border the valley 

of the Upper Jowa in Allamakee county, which excited great 

hopes of profitable mining, and the town of New Galena 

was consequently founded there. The amount of lead ore 

obtained there, however, proved too small for profitable 

working and the mines were soon abandoned. From these 

experiences, and from other information which has been 

accumulating during many years, it is evident that there is 

no hope of profitable lead-mining in the Lower Magnesian 

limestone. 

Fossils. The only fossils that have been found in this 
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formation in Iowa are, so far as known, a few traces of the 
stems of Crinoids found near McGregor. Of course, no 

specific identification of them could be made. Some traces 
were also observed there which are doubtfully referred to 

fucoids. 

ST. PETER’S SANDSTONE. 

Area and General Characters. This formation is remark- 

ably nniform in thickness throughout its known geographical 

extent, and also in lithological characters. It is a clean grit, 

light colored, very friable rock; so pure in its silicious 

composition that it is probable some portions of it may be 

found suitable for the manufacture of glass. Usually, how- 

ever, it is more or less colored with oxide of iron, and a 

couple of miles below McGregor it is much colored by various 

shades of red and yellow, where it takes the local name of 

‘* Pictured Rocks.” It has been exposed principally by the 

same fluvatile erosion that brought the Lower Magnesian 

limestone and Potsdam sandstone to view; but it is evident 

that it occupies the surface of a large part of the northern 

half of ANamakee county, immediately beneath the drift. 

It is very seldom hard enough to be used as stone, and 

unless it should prove suitable for glass in some places, it is 

probably of no economic value whatever. It contains no 

fossils, and is referred to the Primordial group upon litho- 

logical and stratigraphical grounds. 

TRENTON GROUP. 

THE TRENTON LIMESTONE. 

Area and General Characters. With the exception of this, 

all the limestones of both Upper and Lower Silurian age in 

lowa, are magnesian limestones—nearly pure dolomites. The 

rocks of this formation also contain much magnesia, but a 

large part of it is composed of bluish compact common lime- 

stone. The surface occupied by the Trenton limestone is 
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equal in area to about one-third of the whole of that occupied 

by all the other Lower Silurian formations in the State. It 
occupies large portions of both Winneshiek and Allamakee 

counties, together with a portion of Clayton; and although 

its southwesterly dip has carried it beneath the Galena lime- 

stone there, yet it is again found, after passing out of sight 

for a distance of about ten miles, in the bottom of Turkey 

river valley, where it is seen along the greater part of its 

entire length, having been exposed by the cutting through of 

the Galena limestone by Turkey river in the erosion of its 

valley. From this valley, the southwesterly dip of the 

formation has carried it so deeply beneath the surface that it 

is seen no more in lowa. 

The thickness of this formation as seen along the bluffs of 

the Mississippi is about eighty feet, but in Winneshiek 

county we find the thickness increased to upwards of two 

hundred feet. 

Economic Value. The greater part of the bulk of this 

formation is worthless for economical purposes, but a con- 

siderable portion, quite enough to meet the wants of the 

inhabitants, affords excellent material for building purposes 

and also for the production of common lime of excellent 

quality. There is no lack of common building stone wherever 

it is exposed, and in some places there are compact and 

evenly bedded layers which afford fine material for dressing 

into all desirable forms for use as caps, sills, ete. The best 

quarries of this rock that have been examined are those 

just above Dubuque, and those in and near the town of 

Decorah. The worthless portion of the formation consists of 

clayey shales and shaly limestone. The latter is very 

prevalent in Winneshiek county, as seen along the valley 

of the Upper lowa, where the formation is also thickest. 

There are also some beds of tolerably pure clay associated 

with the calcareous portions which promise to be valuable. 

One of these occurs near the town of Clermont, in Fayette 

county, where Mr. Dibble has been manufacturing from it the 

light-colored variety of brick, known as ‘‘ Milwaukee brick.” 
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The State collections contain some specimens of these brick, 

which show that the clay is excellent for that purpose. An 

analysis of the clay will be found in the report of Prof. 

Emery in volume two. : 

Fossils. Hitherto, with the exception of the traces of 

crinoidal stems found in the Lower Magnesian limestone 

at McGregor, we have found no fossils in the formations 

which precede the Trenton limestone; but in this last named 

formation fossils are extremely abundant. So much so in 

some places, indeed, that the rock is made up of a mass of 

shells, corals, and fragments of trilobites, together with 

other animal remains, cemented by calcareous material into 

compact rock. It would appear that the waters in which 

the preceding formations were deposited were comparatively 

free from life, but upon the introduction of the Trenton epoch 

its seas swarmed with life as various in its expressional 

forms as that of the seas of to-day. Among these fossils found 

in the Trenton limestone of Iowa, are those well-known 

species which characterize the formation in other parts of the 

country, besides some that are yet new to science and 

peculiar to Iowa, and neighboring strata. 

THE GALENA LIMESTONE. 

Area and General Characters. The Galena limestone, the 

upper formation of the Trenton group, occupies a narrow 

strip of country, seldom exceeding twelve miles in width, 

although it is fully one hundred and fifty-five miles long. It 

is about two hundred and fifty feet thick in the vicinity of 

Dubuque, but diminishes in thickness as it extends to the 

northwestward, so that it does not probably exceed a hundred 

feet where it crosses the northern boundary of the State. The 

area it occupies is widest about the middle, but 1t becomes 

very narrow at both ends; at the southeasterly end by 

passing beneath the Upper silurian rocks, and appearing 

only in the face of the bluffs which border the Mississippi 

river, and at the northwesterly end by the thinning of the 
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formation and an increased westerly dip there. The outcrop 

of this formation traverses portions of the counties of 

Howard, Winneshiek, Allamakee, Fayette, Clayton, Dubuque, 

and Jackson. It occupies a greater surface area in Clayton 

county than in any other, but it exhibits its greatest develop- 

ment in Dubuque county. 

It is very uniform throughout in its lithological characters, 

being a nearly pure dolomite, with a slight admixture of 

silicious matter. It is not very uniform in texture however, 

which causes it to decompose unequally, and consequently to 

present interesting forms in the abrupt bluffs of it, which 

border the valleys. Some of these are strangely picturesque 

and wild in their appearance, especially in the deep glens 

and valley-sides. 

Economic Value. The want of uniformity of texture in this 

limestone, usually renders it unfit for dressing. Sometimes, 

however, especially near the top of the formation, the beds 

are more uniform, and good blocks for dressing may be 

obtained. It almost everywhere affords stone good enough 

for all purposes of common masonry, and will supply an 

abundance of road-materials in all the region occupied by it. 

Lime has been manufactured from it, but outcrops of the 

purer Trenton limestone are seldom far away from exposures 

of this. The lime from that formation being purer and better, 

it is of course preferred, and the Galena limestone neglected 

for such purposes. 

The chemical composition of this rock in some parts of the 

the formation being known to be similar to that of some 

which has been successfully used for hydraulic lime, it is 

thought probable that it also may prove valuable for such 

purposes. 

This formation becomes one of great economic importance, 

as being the source of the lead ore of the Dubuque lead- 

mines. The report of Prof. Whitney upon these mines in the 

former geological report, is so complete, that it is not thought 

necessary here to give anything more than a brief outline of 

the mode of occurrence of the ore. Lead, in the form of the 
pa 
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sulphuret,-has been found in small quantities in this forma- 

tion at various localities, but it has never been profitably 

mined in it outside of Dubuque county. It has also been 

found in the Trenton and Lower magnesian limestone in 

other counties, but always, so far as lowa is concerned, in 

quantities too small to be profitably mined. 

The lead region proper is confined to the immediate vicinity 

of Dubuque, and within an area of about fifteen square miles. 

The ore occurs principally in vertical fissures which traverse 

the rock at irregular intervals from east to west; a little being 

found in those which have a north and south direction, and 

some occasionally in ‘‘ quartering” lodes or fissures. The ore 

is mostly that known as Galena or sulphuret of lead; very 

small quantities of the carbonate only being found with it, 
and that probably occurring by decomposition of the 

sulphuret. There is considerable physical difference between 

the ore of the east and west and the north and south lodes or 

crevices. Cubical crystals of it are said never to occur in the 

latter while that is the prevailing form in the others. This 

probably occurs from the fact that the north and south 

crevices being very narrow, are usually filled with ore when it 

occurs at all, and the natural form of the crystals thus 

confused. But yet there is also a slight difference in color 

and lustre. 

Prof. Emery has made a full series of analyses for the 

purpose of ascertaining whether silver is present in any 

of the ores. The results will be found in his report in 

volume two. 

The ore has not a uniform vertical range through the form- 

ation in the Dubuque lead region, but is confined principally 

to its central portions. Its vertical range may be understood 

with considerable exactness by the accompanying diagram, 

(Fig. 5,)which represents the full thickness of the formation at 

Dubuque. 
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If the two hundred and fifty feet of vertical thickness of the 

formation be divided into three equal horizontal parts, as 

shown in the right hand column of the diagram, almost all 

the lead-ore will be found to be contained within the middle 

part, together with the lower half of the upper, and the upper 

half of the lower parts, as indicated by the brace in the dia- 

gram. In other words, the upper half of the upper third, and 

the lower half of the lower third of the whole thickness of 

the formation is found to be almost entirely destitute of 

lead-ore. This is the rule, but a few rare exceptions exist. 

One of these exceptions was shown in the discovery of a 

lead-bearing crevice in the extreme upper part of the Galena 

limestone at the base of the Maquoketa shales, by Messrs. 

McCraney and Hickok, in the summer of 1867. The value 

and extent of the ore there has not been learned, but it is 

supposed to be unimportant. 

This formation is in part the ‘‘ Upper Magnesian Limestone’ 

of Dr. Owen. The existence of the Maquoketa shales not 

having been recognized by him, he united, in his descriptions, 

the Galena limestone, with the Niagara limestone, which has 

very similiar lithological characters. Thus it was erroneously 

supposed that the Niagara limestone of New York increased 

greatly in thickness in its westward extension, and became 

the lead-bearing rock of the Mississippi valley. 

fossils. Fossils are rare in this formation, as they usually 

are in Magnesian limestones. The most characteristic species 

is Lingula quadrata of Owen; but the genera Orthoceras, 

Pleurotomaria, Murchisonia, &c., have been recognized, all 
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the species of which probably also occur in the Trenton lime- 

stone. 

CINCINNATI GROUP. 

THE MAQUOKETA SHALES. 

Syn.—HUDSON RIVER SHALES OF HALL. 

Area and General Characters. 'The surface occupied by 
this formation is comprised within a singularly long and 

narrow area, seldom reaching more than a mile or two in 

width, but more than a hundred miles long within the State. 

It lies like a narrow sinuous band upon the surface between 

the regions occupied respectively by the Galena and Niagara 

limestones; having, like them, a northwestward and south- 

eastward trend. Its most southerly exposure is in the bluffs 

of the Mississippi river near Bellevue, in Jackson county, 

and the most northerly one yet recognized is in the western 

part of Winneshiek county. 

The whole formation is largely composed of bluish and 

brownish shales which weather into a tenaceous clay upon 

the surface, and the soil derived from it is usually stiff and 

clayey. The shales are sometimes slightly arenaceous, and 

sometimes calcareous bands compose a considerable part of 

its bulk. The latter is the case at the typical localities on 

the Little Maquoketa river about twelve miles westward from 

Dubuque. These calcareous bands have really a large pro-: 

portion of magnesia in their composition, as shown in the 

report of Prof. Emery. The -shales are sometimes bitumi- 

nous, but there is no reason to suppose that they contain 

enough for the profitable distillation of petroleum. 

Economic Value. Its economic value, being wholly com- 

posed of soft or fragmentary materials, is very slight, 

principally consisting of the brick clay into which it disin- 

tegrates upon the surface. 

Geological Age. The fossils contained in this formation, 

together with its position in relation to the underlying and 
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overlying formations, leave no doubt as to the propriety of 

referring it to the same geological period as that in which the 

rocks at Cincinnati, Ohio, were formed; but as a formation, 

it is regarded as distinct from any other one of that group 

hitherto defined. In the former report upon the geology of 

Towa, it received the name of ‘“‘Hudson River Group,” in 

consequence of its supposed equivalency to certain rocks 

abundantly exposed along the Hudson river in New York. 

But the designation ‘‘ group” refers to a whole period in 

geologic time, and when it is applied to any single formation, 

its indefiniteness differs only in degree from a mere reference 

of the formation to its proper system or age. Therefore, as 

the strata of this formation, all referable without doubt to a 

single epoch of its period, are well developed on the Little 

Maquoketa river, where its characteristic fossils are also 

abundant, the name Maquoketo shales is given to this par- 

ticular formation of the group. 

Again Messrs. Meek and Worthen of the State Geological 
Survey of Illinois, have shown that these Iowa shales, As well 

as their equivalents and associated strata in their own and 

other interior States, are not equivalent to those upon the 

Hudson river to which the name of ‘“‘ Hudson River Shales” 

was first applied. They therefore have very properly 

dropped the name of Hudson River Group as applied to 

these, and proposed the name Cincinnati Group, because the 

group or its principal formations are well exposed at that 

city, where also its abundant and characteristic fossils are 

well known. Relying upon the determinations of these able 

geologists, as well as upon my own observations, I also 

reject the name “ Hudson River Group” as applied to our 

own strata and their equivalents, and apply the name ‘“‘ Cin- 

cinnati Group” to the formations of the whole period as 

they do, but use the name Maquoketa shales to designate 

that particular epochal subdivision or formation of the group 

which alone is found in lowa.* 

* See ‘‘O assification of Iowa Rocks,” in the introduction. 
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fossils. Several species of fossils which characterize the 

Cincinnati group are found in the Maquoketa shales, such as. 

Orthis testudinaria, O. occidentalis, Strophomena alternata, 

S. sericea, etc., but they contain a large number of species 

that have been found nowhere else than in these shales in 

Iowa. They belong to the genera Orthoceras, Murchisonia, 

Pleurotomaria, Schizodus(?) Discina, Graptolithus, etc. The 

distinct faunal characteristics presented by these fossils last 

referred to, seem to warrant the separation of the Maquoketa 

shales as a distinct formation from any others of the group. 

Its true position is probably at the base of the group. 

3. UPPER SILURIAN SYSTEM. 

NIAGARA GROUP. 

THE NIAGARA LIMESTONE. 

Syn—L:E CLAIRE LIMESTONE, IN PART, OF HALL, 

Area and General Characters. Tn the former report upon 

the geology of Iowa, two distinct formations of the Niagara 

group were recognized and described, namely, the Niagara 

limestone and the Le Claire limestone; the latter resting upon 

the former. Subsequent stratigraphical and paleontological 

examinations fail to show any good reasons for referring 

any of the Upper Silurian rocks of Iowa to any other than 

the epoch of the Niagara limestone; therefore, they are all 

regarded as belonging to that formation alone. Messrs. 

Worthen and Meek, of the- State Geological Survey of 

Illinois, long since came to the same conclusion, and in the 

recently published State reports, they re-affirm it. 

The Niagara limestone, as thus understood, occupies a 

very large area of the surface of the State, much larger in 

fact than that of all the formations of Lower Silurian age 

together. Its area has also a shape quite different from those 

occupied by the preceding formations, being somewhat in 

the form of a scalene triangle, with its longest side to the 

southward, and its widest portion nearest the southern end. 
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This form necessarily changes the trend of the succeeding 

formations several degrees nearer to the northward and 

southward than that of the preceding formations is. 

The area occupied by the Niagara limestone is nearly a 

hundred and sixty miles long from northward to southward, 

and between forty and fifty miles wide in its widest part. At 

its narrowest part, which is near its northern limit in Iowa, it 

is nut more than four or five miles wide. The narrowing of — 

the area here is due to two causes; namely, the thinning out 

of the formation in its northward extension, and the increased 

westerly dip of the same, together with that of its associated 

formations in that part of the State. That increase of dip is 

well shown in the section from McGregor to the mouth of 

Broken Kettle creek. The rapidly increasing width of the area 

which the formation has to the southward, is not wholly due 

to its increasing thickness in that direction, but is due also to 

disturbance of its strata and change of dip. In consequence 

of this, and also of the irregularity and diversity of its strati- 

fication, no satisfactory conclusions have yet been arrived at 

concerning its thickness. Itis estimated at two hundred and 

seventy-five feet, but its maximum thickness in lowa is 

probably much more. 

A line of disturbance of the strata of this formation, passes 

into Iowa in a direction almost corresponding with the direc- 

tion of its trend; crossing the Mississippi river at LeClaire, 

and being last recognized in the valley of the Wapsipinicon 

about three miles west of Anamosa. This disturbance appa- 

rently partakes more of the nature of an abrupt fold than of 

a true fault, leaving the general dip of the strata on each side 

of its axis seemingly unchanged from what it would have 

been if the disturbance along that axis had not taken place.* 

This disturbance seems confined to a very narrow area, for 

the strata within less than a mile on each side of both the 

localities named, appear entirely undisturbed, although the 

* This is the only known instance in Iowa of a fold having the general direction of 

any of the streams. Other slight folds exist, as will be shown in the general sections 

accompanying this report, but they do not coincide with the courses of the streams. 
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angle of dip has reached, in some places, twenty-eight 

degrees with the horizon. | | 

This formation is entirely a Magnesian limestone with, in 

some places, a considerable proportion of silicious matter in 

the form of chert or coarse flint. A large part of it, especially 

its lower portion, closely resembles both the Galena and 

Lower Magnesian limestones, having the same want of 

uniformity of texture and bedding, which causes it to weather 

into rough and craggy forms upon its outcrops, and renders 

it unsuited for purposes of architecture. 

Economic value. A large part of the formation, however, 

is more evenly bedded, and taking it together it probably 

affords the best and greatest amount of quarry rock of any 

in the State. The quarries near Anamosa, in Jones county, 

are most remarkable for the uniformity and precision of the 

bedding of its strata. These quarries, together with those at 

Le Claire and Farley, all of which are opened in strata of 

Niagara limestone, will be found more particularly described 

in another part of this report. Wherever this rock is 

exposed there is always an abundance of material for roads 

and for common masonry. 

At Le Claire, most excellent common lime is prepared from 

this formation, and a fair article of it may be made from 

that of any part of it. Some of the layers, however, seem 

much better adapted to the preparation of lime, although the 

chemical analysis shows but slight difference of composition. 

4—DEVONIAN SYSTEM. 

HAMILTON GROUP. 

HAMILTON LIMESTONE AND SHALES. 

Syn.—UPPER HELDERBERG LIMESTONES IN PART OF HALL, IN REPORT OF 

GEOLOGY OF IOWA, FOR 1858. 

Area and General Characters. The area of surface occupied 

by the Hamilton limestone and shales, is fully as great as 

those occupied by all the formations of both Lower and 
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Upper Silurian age in the State. This area comprises a wide 

strip of country, the general trend of which is northwestward 

and southeastward. Itis nearly two hundred miles long and 

from forty to fifty miles broad; the details of its outlines 

may be seen upon the geological map. 

All the limestones hitherto described are nearly pure dolo- 

mites except the Trenton, which is also in part magnesian. 

After the close of the Upper Silurian age the proportion of 

magnesia in the limestones of Iowa are gradually diminished. 

Thus the limestones of Devonian age are composed in part of 

magnesian strata, and in part of common limestone. These 

magnesian strata do not seem to be confined to any particular 

part of the vertical thickness of the formation, and their 

texture is also variable. In some parts of it, mainly towards 

its’ base, these strata are quite uniformly bedded, com- 

pact and uniform in texture, and afford some excellent 

material for solid masonry. In other parts, they are soft, 

sandy, and worthless; and in still other parts they are com- 

paratively soft, fine grained, slightly silicious—as for 

example, at Waverly—and afford material for hydraulic 

lime. A large part of the formation is composed of calca- 

reous shales and shaly limestone. At Rockford, in Floyd 

county, the shales assume the character of a marly clay 

which is very fossiliferous. 

So far as has yet been ascertained, none of these litho- 

logical variations characterize any particular horizon of this 

formation over any large portion of the area occupied by it, 

but the concretionary, or partially brecciated, bluish-grey, 

common limestone is its prevailing lithological characteristic. 

This portion is inclined to become fragmentary upon exposure 

to atmosphere and frost. 

Owing to this lithological variation, and the fact that no 

very deep exposures of its strata are found at any one 

locality, because the streams upon it run in the direction 

of the line of strike, the full thickness of the formation 

has not been accurately ascertained, but it is estimated at 

about one hundred and fifty feet. 
24 
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Economic Value. Although a large part of the material 

of this formation is practically quite worthless, yet other 

portions are very valuable for several economic purposes; 

and having a very large geographical extent in the State, 

it constitutes one of its most important formations in a 

practical point of view. 

The magnesian limestones of this formation, are not so 

near a pure dolomite in any case as those are which con- 

stitute the greater. part of the Upper and Lower Silurian 

formations in Iowa, but the admixture of other substances 

seems beneficial to them for economic purposes. For 

example, the admixture in a finely divided condition of five 

or six per cent each of silica and alumina, to the proportions 

of the carbonates of lime and magnesia that form dolomite, 

is found to give the rock very decided hydraulic properties. 

Rock of this kind occurs in considerable quantities at 

Waverly, in Bremer county, and its value for the production 

of hydraulic lime has been practically demonstrated there by 

Mr. Robert D. Brown, an account of which is given 

Volume two, besides the analysis of the rock in Prof. 

Emery’s report. It is not improbable that the same forma- 

tion will furnish material equally good for the same purpose 

in other parts of the State, but thus far the rock at Waverly- 

alone has been practically tested. 

Wherever any part of this formation is exposed, the 

common limestone portions exist in sufficient quantity to 

furnish abundant material for common lime of excellent 

quality, as well as good stone for ordinary masonry. The 

heavier and more uniform magnesian beds furnish in many 

places excellent material for dressed stone, and for bridge 

piers, as well as for other works requiring strength and dura- 

bility. 

The clayey portions are usually too calcareous and Impure 

for any economic use, but some indications were observed in 

Bremer, Floyd, and Cerro Gordo counties, that lead to the 

supposition that its clayey portions there may possibly fur- 

nish a clay suitable for the manufacture of light colored brick. 
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Geological Age. The full series of formations of Lower Silu- 

rian age are nearly complete in lowa, but, as we have shown, 

only a single formation of Upper Silurian age—the Niagara 

limestone—is recognized within its limits. Thus, although 

the formations that immediately underlie and overlie the 

Niagara limestone in this State are stratigraphically con- 

formable with it, yet there are several formations recognized 

in other portions of the country as parts of the full geological 

series, the serial position of which are in part between it and 

the Maquoketa shales, and in part between it and the 

Hamilton limestone and shales above. 

The formation here designated as the Hamilton limestones 

and shales is, like the Niagara limestone also, serially 

isolated, although it is quite conformable both with the Upper 

Silurian strata below, and the Carboniferous above through- 

out their whole extent in lowa. This is evidently the case, 

although the exact junction, neither above nor below, has 

ever been distinctly seen. The greatest hiatus that exists in 
our actual observations of the order of succession of Iowa 

strata, is that between this formation and the Kinderhook 

beds above, but enough is known to make it certain that no 
other formation exists between them. Even the ‘“‘ Black 

Slate,” which forms so distinct a horizon at the top of the 

Devonian series in Ohio, Indiana, Kentucky, Illinois, and 

Missouri, seems to be entirely wanting in Iowa. 

All the Devonian strata of Iowa evidently belong to a 

single epoch, undoubtedly referable to the Hamilton period, 

as recognized by the New York geologists, but when we 

come to apply a specific name to the formation as it exists in 

lowa, it becomes difficult to say with precision to what pre- 
viously recognized formation of that group it belongs. In 
its paleontological characters, however, it so much more 

nearly corresponds with the Hamilton Shales of New York 
than with any other part of the group, it is referred to that 

formation; and its name retained as far as the lithological 

character of the Iowa rocks will admit, rather than to propose 

a new name, or refer it indefinitely to the whole group as has 
been previously done. 
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Fossils. The most conspicuous and characteristic fossils 

of this formation are brachiopod mollusks and corals. They 

belong to the following named species: Spirifer pennatus, S. 

Parryanus, Strophodonta demissa, Atrypa reticularis, A. 

aspera, Orthis Iowensis, and Acervularia Davidsoni. Other 

species are abundant in some places, but those named have a 

range throughout the formation in Iowa. The following 

species found in this formation in Iowa, are also found in the 

Hamilton shales in New York, namely: Strophodonta 

demissa, S. fragilis, Atrypa reticularis, A. aspera, Orthis 

Vanuxcemi, Spirifer frimbriatus, and Cyrtia Hamiltonensis. 

Near the town of Rockford, Floyd county, very great 

numbers of well preserved specimens of the fossils of this 

formation are found in its marly clays. Several species are 

abundant there besides those here enumerated, but they seem 

to have a limited geographical range. <A species of Smithia 

replaces Acervularia here, for which the name S. Woodmani 

is proposed, in honor of H. T. Woodman, Esq., of Dubuque.* 

The coral Acervularia Davidsoni occurs near Iowa City in 

considerable abundance solidified, with pure calcareous mate- 

rial and consolidated in the rocky strata. These receive a fine 

polish and make beautiful cabinet specimens, but are always 

too small to be of any practical use as marble. It has been 

known under the names of ‘‘ lowa City marble” and ‘“‘ Bird’s- 

eye marble.” 

*This species differs somewhat conspicuously from S. Verrilli, of Meek, in the 

uniformly larger size of the calyces, the great prominence of their margins above the 

intermediate spaces, and the width of those spaces between the calyces. 
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CARBONIFEROUS SYSTEM. 

Of the three groups of formations that constitute the 

Carboniferous System, namely, the Sub-carboniferous, Coal- 

Measures, and Permian, only the two first named are found 

within the limits of Iowa. Both of these are well developed 

here in all their distinctive characteristics. 

THE SUs-CARBONIFEROUS GROUP. 

Syn —CARBONIFEROUS LIMESTONE, SUB-CARBONIFEROUS LIMESTONE, MOUNTAIN 

LIMESTONE. 

Area and General Characters. The area of surface occu- 

pied by this group is very large, and is shown as accurately 

as practicable upon the geological map. Considerable diffi- 

culty exists in determining the boundaries of the area in its 

northern part, particularly along its western border; because 

the exposures of strata are so very rare there, and we have 

been obliged to rely to a great extent upon its general trend 

for this purpose rather than upon actual observations of 

outcrops. 

Its eastern border passes from the northeastern part of 

Winnebago county with considerable directness in a south- 

easterly direction, to the northern part of Washington county. 

Here it makes a broad and direct bend nearly eastward, 

striking the Mississippi river at the city of Muscatine ; this 

of course being the western and southern boundary of the 

area occupied by the Devonian rocks. The southern and 
189 
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western boundary of the area is to a considerable extent 

the same as that which separates it from the coalfield, but 

northward from the southern part of Pocahontas county we 
know little about it with accuracy. From this point it passes 

southeastward to Fort Dodge, thence to Webster City, thence 

to a point three or four miles northeast of Eldora, in Hardin 

county, thence southward to the middle of the north line of 

Jasper county, thence southeastward to Sigourney, in Keokuk 

county, thence to the northeast corner of Jefferson county, 

and thence, by sweeping a few miles eastward, to the southeast 

corner of Van Buren county. The area, as thus defined, is 

nearly two hundred and fifty miles long and from twenty to 

forty miles wide. 

The general southerly and westerly dip has carried the 

strata of the group beneath the Lower coal-measure along 

the line last designated, but after passing beneath the latter 

strata for a distance of from fifteen to thirty miles, they 

appear again in the valley of the Des Moines river, where 

they have been bared by the erosion of that valley. 

The folowing is a full list* of the formations of the Sub- 

cearboniferous group as developed in the Mississippi valley. 

They are given in their natural order of superposition, com- 

mencing with the uppermost. 

1. Chester limestone. 

2. St. Louis limestone. 

3. Keokuk limestone. 

4. Upper and Lower Burlington limestones. 

5. Kinderhook beds. 

.Y 

Of these formations all but one are found inlowa. This 

missing formation is the Chester limestone of the [linois 

geologists, so named from the town of Chester, where its 

*« The beds referred to a separate epoch in the former Geological Report under the 

mame Warsaw limestone, are in this report, included among those referred to the 

epoch of the St. Louis limestone, to which they properly belong, and the use of the 

name of Warsaw limestone, as indicating a separate formation of the Sub-carbon- 

iferous group discontinued. The ‘‘ Geode bed” and “ Ferruginous sandstone” are also 

regarded as only subordinate divisions respectively, of the Keokuk and Chester 

linaestones, 
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characteristics are well shown. The coal-measures rest con- 

formably upon it in southern Llinois, where it attains a 

thickness of eight hundred feet—a thickness greater than that 

which the whole Sub-carboniferous group attains in Iowa. 

Its most northern known limit is near Alton, [linois, which is 

a hundred miles south of the most southern point in lowa. 

This formation received the name of Kaskaskia limestone in 

the former geological report of Lowa, but the name here used 

had been previously adopted by the geologists of the State 

where it has been most studied, and ought therefore to be used 

in preference to any other. 

As the Chester limestone has no direct connectivn with lowa 

geology, no description of it will be given in this report, but 

the other formations of the group will be described separately 

in the ascending order as before named. No attempt has 

been made to define accurately the surface area occupied by 

each formation of the Sub-carboniferous group in lowa, 

either upon the map or in the text, but a general idea of the 

subject may be obtained from the separate descriptions 

which follow. 

1. THE KINDERHOOK BEDS. 

Syn.—CHEMUNG GROUP OF SEVERAL AUTHORS. 

General Characters. This formation was referred to the 

Devonian system in the former geological report of Jowa, 

but its carboniferous characters are now recognized by almost 

all geologists. Messrs. Meek & Worthern, of the Illinois 

Geological Survey, recognized its characters as such, gave it 

the name of *‘ Kinderhook group,” from the town of Kinder- 

hook in the southern part of that State, where it is well 

developed. Since the word group, as used in this report, is 

so restricted in its meaning as to designate a group or 

assemblage of formations, it is not deemed advisable to use in 

this place the same word to designate one of the component 
parts of a group as thus defined. To avoid this, and still to 
recognize the priority of the name those gentlemen have applied 
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to this lowest formation of the Sub-carboniferous group, its 
specific designation is modified as in the preceding heading. 

The term beds is literally very appropriate to the formation 

as it exists in lowa, because at its typical localities here it is 

made up of a series of alternating beds of sandstone and 

limestone, the majority of which are comparatively thin. 

The section, represented by fig. 6, shows its lithological com- 

position at Burlington, where it is more fully exposed than at 

any other point in the State, and where also its characteristic 

fossils are most abundant. 

Brep No. 1 of this. section is Fig. 6. 

largely composed of fine grained, 

sandy shales, but varying from 

bluish, clayey shale, to fine 

grained, yellowish sandstone. 

The greatest thickness of this 

bed yet measured in actual 

exposure is eighty-two feet, but 

by artesian borings made in the 

city, it is recognized with cer- 

tainty at a depth of sixty-five 

feet beneath that measurement, 

making the recognized thick- 

ness of the whole to be one 

hundred and forty-seven feet. ely fice 

Further prosecution of the bor- [ae ese eS 

ings at Burlington, made by Mr. Sea eee 

Bosch, are reported to have 

passed through “two hundred (eae mares : 

and fifty feet in all of blue clay ” ) ee eee a 

beneath the level of the water ; 2 . 2 

in the Mississippi river. This, 

like the results of all borings of 

the kind, is not entirely satis- 

Section of Kinderhook Beds at Burlington. 

LOW-WATER MISSISSIPPI. RIVER “= = 

factory, and yet it is not impro- 

pable that Bed No. 1 has a much 

greater thicknesss than is indi- 

cated in the foregoing section. 

The upper portion of this bed 

is, in some places, quite fossil- 

iferous, the fossils being mainly 

in the form of casts and largely 

confined to Lamellibranchiates and Brachiopods. 
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Bep No. 2, is mercly a layer of compact limestone, everywhere crowded with 

shells, principally Chonetes. It averages about six inches in thickness, and caps 

the sandy bed No. 1 with marked distinctness. 

Bep No. 3, is another mere band of limestone only about three inches in 

thickness, but is very distinct on account of its oolitic structure, and principally 

iaterestiag as showing the tendency of the limestones of this formation to assume 

that peculiar structure, as will be shown further on. 

Brp No. 4, reaches a maximum thickness near Burlington of twelve feet. It is 

dark grey compact limestone, sometimes slightly arenaceous. It breaks up into 

small fragments upon exposure, and is very fragmentary, even where not exposed 

to the atmosphere. 

Bep No. 5, isa fine grained, yellowish sandstone, so much like some parts of 

No. 1, that it is impossible to distinguish them apart, unless seen in connection 

with its associated beds. This bed at Burlington reachcs a maximum thickness 

of seven feet, and is often found crowded with casts of fossil shells, embracing 

many genera and species; some of which are peculiar to that bed alone, although 

a majority of the fossils range vertically through the entire formation without 

interruption. The fossils of this bed, like those of No. 1, are principally 

Lamellibranchiates and Brachiopods. They are also generally of small size; yet 

adult. 

Bep No..6, is alight gray oolitic limestone, very uniform in its lithological cha- 

racters, and has a thickness in the vicinity of Burlington, varying from two to 

four feet. 

Brep No. 7, is composed of impure limestone, sometimes magnesian, and at Bur- 

lington it passes so gradually into the Lower Burlington limestone that it is difficult 

to say where the distinctive characters, whether lithological or paleontological, 

of one formation end and those of the other begin. There are three or four feet 

ia thickness here, however, that cannot be referred to any other than the Kinder- 

hook beds, however closely it may be joined to the strata of the Burlington 

limestone. This portion, as well as all the other beds beneath it, disintegrate 

more readily than the true Burlington limestone which rests upon it; so that the 

ledges of the last named formation are often found jutting over the mural face 

of the Kinderhook beds, which gradually give way by disintegration beaeath 

them. 

The accompanying sketch, taken near Starr’s Mill, on Flint 

creek, three miles northwest from Burlington, shows the 

general aspect of the two formations at their junction. The 

projecting strata here represented are those of the Burlington 

limestone, the real base of which can be distinctly traced in 

the sketch. All beneath the projecting mass belongs to the 

‘Kinderhook beds. Beneath these overhanging layers, which 

project sometimes as much as twenty feet, no rain can reach, 

25 
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and it is here that the epsomite (native epsom salts) mentioned 

on another page has been found. The explanation of its 

production there seems to be this: The magnesian portion of 

the Kinderhook strata contain carbonate of magnesia and 

also sulphuret of iron, in the form of common pyrites, in a 

finely divided condition. The decomposition of the latter 

upon exposure to the weather, produces sulphuric acid. 

This uniting with the magnesia by displacing the carbonic 

acid, with which it originally combined, forms the epsomite. 

This substance is doubtless often formed by similar decompo- 

sition of magnesian limestones elsewhere; but wherever their 

decomposing surfaces are exposed to rains or moving-water, 

the epsomite, being very soluble, is removed as fast as it is 

formed. Here, however, it is protected by the overhanging 

rocks from the access of any water, except such as the 

atmosphere contains, but which is quite sufficient to aid in 

the natural production of the salt without removing it by 

solution. 

All the beds enumerated in the foregoing section, may be 

distinctly recognized at, and in the immediate vicinity of 

Burlington, wherever the formation is exposed; but beds No. 

2, 8,4 and 5, may be regarded as local only. Nos. 1, 6 and 

7 are, however, more or less characteristic of the formation 

throughout its extent in Iowa. The oolitic member is espe- 

cially constant and characteristic, and the last to disappear 

at its northern limit. The most southerly exposure of the 

Kinderhook beds in Iowa is near the mouth of Skunk river, 

in Des Moines county, where they pass beneath the Burling- 

ton limestone and the Mississippi river also, by their southerly 

dip. The most northerly exposure of the formation now 

known is in the eastern part of Pocahontas county, more than 

two hundred miles from the locality first named. 

The principal exposures of this formation, are along the 

bluffs which border the Mississippi and Skunk rivers, where 

they form the eastern and northern boundary of Des Moines 

county; along English river, in Washington county; along 

the Iowa river, in lama, Marshall, Hardin, and Franklin 
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counties, and along the Des Moines river in Humboldt 

county. | 
Although the southern part of the formation in Iowa has 

the best development of all its distinguishing characteristics, 

yet the width of the area it occupies is much greater in lis 

northern part, reaching a maximum width there of about 

eighty miles. This increased width of area occupied by the 

formation does not necessarily indicate an increased thickness 

of it, but it is evidently caused by a broad fold of the strata in 

that part of the State, which places them for that distance 

almost exactly parallel with the general surface of the country, 

and consequently without any perceptible dip to the westward. 

At Bunker’s mill, on English river, near Richmond county, 

the following section was measured, commencing at the water 

level: 

No. 2, roughly bedded, earthy, yellowish limestone, with much silicious 

cherty material, 12 feet. 

No. 1, bluish and bluish-green, indurated, sandy clays, 47 feet. 

No. 1 of this section is, without doubt, equivalent with No. 1 of the section at 

Burlington. No. 2 of this section is the equivalent of No. 7 there, all the inter- 

vening beds observed at Burlington are wanting at this locality. The charac— 

teristic fossils of the formation were obtained from No. 1, but the material of No. 

2 is not well suited to the preservation of fossils, if it ever contained any. 

Going northward from Washington county, no other 

exposures of any of the sub-carboniferous formations are 

found until the valley of the Iowa river is reached. Here the 

river cuts obliquely across the whole area occupied by the 

group, but no rocks except those referred to the Kinderhook 

formation appear. It is possible that the true Burlington 

limestone may extend so far northward, but no proof of it 

has yet been observed. 

At Indiantown, in Tama county, the section, represented by 

Figure 7, was measured, commencing at the water-level of the 

lowa river: Abe 
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No, 3. Soft, irregularly bedded, Magnesian limestone, passing up 

into purer and more regularly bedded limestone........ Bad Hehe 40 feet. 

No. 2. Light gray oolitic limestone, in heavy Jayers...... ....... 15 feet. 

No. 1. Yellowish, shaly, fine-grained sandstone ........... SORE eee 20 feet. 

No. 1 of this section at Indiantown is equivalent to No. 1 of the section at 

Burlington; No. 2 is equivalent to No. 6 there; and No. 3 to No. 7 at the same 

place. The characteristic fossils of the Kinderhook formation prevail throughout 

the whole series of beds found at Indiantown, even including the whole forty 

feet of No. 38. Although the upper part of No. 3 presents the lithological 

appearance of some parts of the Burlington limestone, yet its distinctive 

paleontological characters are wanting or feebly shown. The whole is. there- 

fore referred to the epoch of the Kinderhook beds, especially since the line of 

demarkation between the rocks of that epoch and those of the Burlington lime- 

stone is nowhere definite. 

At Orford, near Indiantown, bed No. 2 is well exposed, and 

ig there extensively quarried for lime, as it is also at the last 
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named place. Near LeGrand, in the eastern part of 

Marshall county, and only a few miles west of Indiantown, 

No. 3, of the preceding section is well exposed, showing a 

thickness of about forty feet from the level of the Iowa river. 

Nos. 1 and 2 do not appear there, having passed beneath its 

surface by a westerly dip, aided by the slope of the stream. 

The exposure here is composed almost entirely of light brown 

or buff-colored limestone, more or less magnesian; and in 

some of the more calcareous layers a slight tendency to oolitic 

structure is seen. Some of the layers are cherty, but a large 
part of it is quite free from silicious matter. 

The stone is largely quarried for various purposes, and the 

finer layers, which frequently have a beautiful veining of per- 

oxyd of iron, are wrought into various ornamental and 

useful objects, and it is known in the market as ‘“‘Iowa 

marble.” This stone is further described upon another page, 

and an analysis of it is given in Prof. Emery’s report. 

Several other exposures of the Kinderhook beds are known 

in Tama and Marshall counties, but those here mentioned are 

the principal ones. 

Going northward, into Hardin county, we find the rocks of 

this epoch somewhat changed in lithological characters, 

particularly at Iowa Falls. At this place, a slight anti- 

clinal axis, having a northward and southward direction, has 

brought up these beds, and they have all been cut through by 

the Iowa river, so that they are well exposed in its banks. 

They are here composed of two distinct divisions, each about 

fifty feet in thickness. The lowest is composed of somewhat 

regularly bedded, tolerably pure limestone, but with little, if 

any, tendency to oolitic structure, although it is probably the 

equivalent of the oolitic bed at Indiantown and Burlington. 

It is soon lost to view by dipping both eastwardly and west- 

wardly from the falls, and receives the upper division upon 

it. This is a rough, and in most places in this vicinity, a 

fragmentary and worthless magnesian limestone with occa- 

sional sandy layers. 

In both of these divisions, fossils of all kinds are rare but 
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those discovered are referred without doubt to the epoch of 

the Kinderhook beds, the upper division being regarded as 

equivalent to No. 3 at Indiantown, and No. 7 at Burlington. 

Going up the river from lowa Falls, the upper division 

becomes somewhat more regularly bedded, and presents the 

common aspect of magnesian limestone in the weathering of 

its low cliffs. Still further up, at Alden, the lower division 

rises again and appears in the banks of the river for a con- 

siderable distance. 

The next we find of this formation is in the banks of both 

branches of the Des Moines, in Humboldt county, just above 

their confluence. At Springvale, on the west branch, there is 

about fifteen feet in thickness of light gray oolitic limestone 

exposed. It appears in the banks and bed of the stream for 

the distance of nearly a mile and then passes from sight both 

above and below. The rock here is all more or less oolitic 

and is, without doubt, equivalent to Bed No 6, at Burlington. 

A couple of miles eastward from 

these exposures, other strata are 

seen exposed in the banks of the 

east branch of the river just above 

the town of Dakota, and are repre- 

sented by fig. 8. 

These strata consist of the following beds: 

Fie. 8. 

' No. 4. Gray fragmentary limestone............ CO ee es on. 1 foot. 

Dona inh hos eEnnG ne ORR aa sho gonptcgso mde ghoogsGM sss an osu aus 2 feet. - 

No: 2: \Caleareougisandstome, imcthinayerse cnc ioe sete pier 6 feet. 

No. 1. Heavy bedded, yellowish, magnesian limestone................ A feet. 

No positive evidence of the relation of these strata to those 

found at Springvale, a couple of miles to the westward, was 

obtained, but they are supposed to belong above those oolitic 

strata there, and in part equivalent to the upper division at 

Iowa Falls. 

In the valley of the west branch of the Des Moines, about 

five miles above Springvale, the Kinderhook limestone again 

appears, showing a thickness of about fifteen feet. It is 
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here composed of grayish, thin bedded limestone, inclined to 

become fragmentary upon exposure, but shows very little of 

oolitic structure. 

Going westward from here to a point near the headwaters 

of Lizard creek, in the eastern part of Pocahontas county, 

we find the most northerly and westerly exposures of the 

Kinderhook formation yet known anywhere. The exposures 

are somewhat inconspicuous and are found in a shallow 

prairie valley. The rock is similar in character to that last 

named but a little oolitic in its texture. The fossils it 

contains here are very few, but they leave no doubt as to 

the correctness of referring the strata to the Kinderhook 

formation. Some other important exposures occur in the 

eastern part of Franklin and the western part of Butler 

counties, but those described are sufficient to give an idea 

of the general characters of the formation. 

Economic Value. The economic value of this formation is 

very considerable, particularly in the northern portion of the 

region it occupies. The only material, however, of any 

practical value is its stone, and this, although not usually 

of fine quality, is of greater value there than elsewhere, 

because stone of any kind is scarce in that part of the State, 

while the southern portion of the region is in immediate 

neighborhood with the Burlington limestone which there 

furnishes better material. - 

In Pocahontas and Humboldt counties the Kinderhook 

beds, although so slightly exposed, are almost invaluable 

because no other stone, except a few boulders, is found there, 

and because it makes excellent lime, besides serving a good 

purpose for ordinary masonry. 

At lowa Falls, the lower division is very good for building 

purposes as well as for lime. Many of its layers produce 

excellent blocks for dressing into window and door caps 

and sills and other important parts of good buildings. In 

Marshall county, all the limestone to be obtained comes from 

this formation, and the quarries near Le Grand are very 

valuable. Many of the best layers there are so massive and 
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free from silicious impurities, that they are readily sawed into 

all desired forms for building purposes, by machinery erected 

there for the purpose. Some of the layers as before mentioned 

are finely veined by per-oxyd of iron, and are wrought into 

beautiful table tops, mantels, and other ornamental and 

useful objects. Without wishing to under estimate the real 

value of this stone for such purposes, which is very great, it 

is, nevertheless, proper to say that the hardness of none of it 

is equal to that of real marble, and consequently its polish 

cannot be expected to endure so long when exposed to the 

weather. Therefore, it is not so well suited for monuments 

and other similar purposes as true marble is, but no valid 

objection can be raised against its use in the walls of the 

most important buildings. The analysis of this rock may be 

found in Prof. Emery’s report in volume two. 

In Tama, county the oolitic member is well exposed at 

several places where it is quarried and used for the manufac- 

ture of lime of excellent quality. It has been proposed to 

manufacture this oolitic stone into table-tops, mantels, ete.; 

but although it may be made to receive a fair polish and its 

oolitic structure gives it considerable beauty, it is feared that 

the well known tendency of all oolitic limestones to become 

fragmentary will be found to render it worthless for such 

purposes. However, that near Orford and Indiantown 

promises to prove valuable for such uses. 

This tendency of oolitic limestone to become fragmentary 

has been very often shown at Burlington, where stone from 

the oolitic bed there has frequently found its way into build- 

ings and street improvements. Upon exposure to the 

atmosphere and frost, it sooner or later crumbles to pieces, 

and must be replaced by more durable stone. At Burlington, 

where good stone is abundant, this oolitic stone should be 

wholly rejected for all purposes except for lime, and in walls 

that are never wet; and the citizens should not allow them- 

selves to be deceived by the fine appearance of it when first 

quarried. | 

Fossils. The remains of fishes are the only fossils yet 

= mt: 

— 
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discovered in this formation that can be referred to the sub- 

kingdom VERTEBRATA; and so far as they have yet been 

recognized they all belong to the order Selachians. They are 

referred to the following genera, namely: C ladodus, Helodus, 

Cochliodus(?) (and undetermined species. ) 

Of ARTICULATES, only two species have thus far been recog- 

nized. Both of them belong to the genus Phillipsia. 

The sub-kingdom Moztusca is largely represented, 

including the classes Cephalopoda, Gasteropoda, (including 

Heteropoda,) Pteropoda, Brachiopa, Lamellibranchiata, and 

Polyzoa. Want of time has prevented the preparation of a 

complete list of the genera and species of these fossils. 

The RapIATA are represented by a few Crinoids, usually 

found in avery imperfect condition, but the following genera 

have been recognized, namely: Platycrinus, Actinocrinus, 

Rhodocrinus, Schaphiocrinus, and Poteriocrinus. The sub- 

kingdom is also represented by the coral genera Zaphrentis, - 

Tavosites (?) Leptopora, Syringopora, Aulopora, and Che- 

tetes (?) 

The prominent feature in the life of this epoch was mollus- 

can; so much so in fact, as to overshadow all other branches 

of the Animal Kingdom. The prevailing classes are Lamelli- 

branchiates in the more arenaceous portions, and Brachiopods 

in the more calcareous portions. 

No remains of vegetation have yet been detected in any of 

the strata of the formation. 

So far as Iowa is concerned, it is a fact worthy of notice 

that fossils in this formation are far more abundant in its 

southern part, where it is more arenaceous, than they are 

in its northern part, where it is more calcareous. 

2. THE BURLINGTON LIMESTONE. 

Syn.—ENCRIMTAL LIMESTONE OF OWEN AND OTHERS, 

Area and General Characters. It has been shown that the 

Kinderhook beds pass so gradually into the Burlington 

limestone, both by their lithological and paleontological 
26 
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characters, that it is difficult to say where the one ends 

and the other begins; but the separation of the other forma- 

tions of the Sub-carboniferous group from each other is 

of a different character, being more abrupt and distinctly  ~ 

defined, and very similar in all cases. 

This separation consists in the interposition of a series of 

silicious beds between each of the distinctive limestone 

formations, which, although they form an uninterrupted 

stratigraphical passage from one to the other, constitute the 

paleontological boundary between them. This change in 

the lithological character of the deposit, which, commencing 

gradually, foretold the close of the epoch, seems to have had 

the effect to check, and finally to arrest the progress of those 

forms of life which previously existed in great profusion. 

Then with the resumption of the calcareous deposits that 

ushered in the succeeding epoch, similar, but not identical 

forms were introduced, which flourished and progressed until 

checked and arrested again by similar deposits of silicious 

strata that continued to accumulate until the close of another 

epoch. 

Thus the accumulation of the strata which compose all the 

formations of the Sub-carboniferous group in southeastern 

Towa, from the Lower Burlington limestone to the St. Louis 

limestone, inclusive, was evidently uninterrupted, while the 

epochs that passed during the time in which the accumnu- 

lation took place, are marked by lithological changes in 

those strata, and also by the specific changes in their fossil 

contents.* 

The Burlington limestone formation consists of two distinct 

calcareous divisions which are separated by a series of 

silicious beds, such as have been referred to as separating 

each limestone formation of the group. These beds consist 

of light grayish or yellowish layers of silicious shale and 

*This is the case in the southern part of the State where the series is complete as far 

as it is represented, but, as will be seen further on, there is some unconformability 

among the different formations of the group farther to the northward, as well as the 

unconformability of the coal-measures upon them. 
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chert together with nodular masses of flint ; the whole mixed 

with a smaller proportion of calcareous matter. The exis- 

tence of these silicious beds of passage from one calcareous 

division to the other, itself suggests the propriety of regarding 

the Burlington limestone as two distinct formations, and this 

suggestion is strengthened by some well marked palzonto- 

logical differences also, especially in its crinoidal remains. 

Both divisions of the Burlington limestone are eminently 

crinoidal, that is, they are prominently characterized by a 

profusion of crinoidal remains, all of which in each divisions 

are specifically distinct from all of those in the other, so far 

as yet ascertained. It seems that the accession of silicious 

material to the waters of that epoch resulted in or at least 

was followed by the extermination of all the species of 

crinoids then existing, and although they flourished in just 

as great profusion when the calcareous condition of the 

waters was restored, they were all of new species; these being 

all in turn exterminated by the accession of the silicious 

material which we find to mark the close of the full epoch 

of the Burlington limestone.* 

The objection to the separation of the two divisions lies in 

the fact that the area over which this distinction has been 

recognized is quite limited, and the interests of geology can 

hardly be served by multiplying names that have only a local 

or very limited application. The two divisions will therefore 

be considered as one formation in this report, and the 

thickness of it as given in the table and section on preceding 

pages includes both divisions of the limestone together with 

both series of silicious beds which separate and terminate 

them respectively. 

A characteristic outcrop of the Burlington limestone is 

* From the fact that the extinction of the forms of life, that characterized each of the 

limestone epochs of the Sub-carboniferous group, was commenced with and gradually 

accomplished during the deposition of those silicious beds of passage, the latter are 

regarded as the upper portion and the limestone as the base and middle portions of 

the formation. Therefore, the silicious beds above all the Burlington limestone are 

included with it, and the “ geode bed” is for the same reason included with the Keokuk 

limestone. 
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shown in the next preceding full page sketch, which also 

shows an exposure of a part of the Kinderhook beds, the 

projecting portion being Burlington limestone. The locality 

is near ‘‘Starr’s mill,” about three miles northwest from © 

Burlington. 

The lower division of this formation is composed of 

yellowish, gray subcrystaline limestone, about twenty-five feet 

in thickness. It is somewhat regularly bedded and seldom 

has any shaly or clayey matter in the partings of the layers. 

A. few feet in thickness of the lower portion, where it joins 

the Kinderhook beds, are sometimes a little sandy, but 

rarely so. 

The central portion contains the purest and best limestone 

layers, but they gradually become flinty towards the top as 

they merge into the silicious beds of passage to the upper 

division. 

These last named beds are composed of compact cherty or 

flinty layers alternating with thicker beds of looser silicious 

but not sandy shales, of a light yellowish color, and an 

occasional thin, irregular layer of limestone. These silicious 

beds are also about twenty-five feet in aggregate thickness, 

making fifty feet for the whole thickness of the lower division. 

The upper division consists in its lower portion of light 

gray subcrystaline limestone, the color, however, varying to 

yellowish gray, and is about fifty feet in thickness. It is 

composed of somewhat regular layers, usually thin, but 

sometimes massive, with occasional clayey partings, but the 

latter are not common. The limestone of this division is, as 

a rule, more silicious than that of the lower division. Even 

those layers that are not intercalated with flinty seams have 

numerous small flinty masses imbedded in them, and the 

fossil shells they contain are not unfrequently silicified when 

the rock imbedding them is not so. Towards the top the 

silicious matter increases in amount, until the limestone 

merges into the silicious beds which complete the formation 

and form a final passage to the Keokuk limestone. In the 

vicinity of Burlington these silicious beds are not found to 

es 3 
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exceed forty or fifty feet in thickness, but farther southward 

they reach near a hundred feet in thickness, and produce 

the obstructions in the Mississippi river known as the Lower 

Rapids. These are the most important and thickest of any 

of the silicious beds which separate the limestones of the 

Sub-carboniferous group. 

The southerly dip of the Iowa-rocks carries the Burlington 

limestone down, so that it is seen for the last time in this 

State in the valley of Skunk river near the southern 

boundary of Des Moines county. Fifty miles to the south- 

ward of this, at Quincy, Illinois, it rises again, unchanged in 

any of its characters, and is seen well exposed also at Hanni- 

bal, Missouri, as well as at various other places in both of 

those States. To the northward of Burlington, its typical 

locality, it is found frequently exposed along the bluffs that 

border the Mississippi and Iowa rivers in the counties of Des 

Moines and Louisa, as well as occasionally upon their smaller 

tributaries in the same region. The most northerly point 

at which it has been recognized in its unmistakable characters 

is in the northern part of Washington county, but it doubt- 

less extends still further in that direction, although hidden 

by the overlying drift. Indeed it probably exists as far 

north as Marshall county, but it has not been recognized 

there in its unmistakable characters. 

Economic Value. The Burlington limestone affords much 

valuable material for economic purposes, but which is con- 

fined, however, entirely to its stone. The lower division 

being much exposed within the city of Burlington, it has 

been very largely used there for building purposes and street 

improvements. It is seldom that it affords suitable ashlars 

for dressing, but for the purposes of common masonry it is 

excellent, as it endures exposure to the atmosphere and frost 

without appreciable change. Good lime may be made from 

it, but the greater part of the lime used in the region occupied 

by the formation is made from the upper division, because it 

usually produces whiter lime, and because that rock is usually 

nearer to supplies of the necessary fuel. 



206 GENERAL GEOLOGY. 

The upper division furnishes excellent common quarry rock 

wherever it is exposed, and from some of the layers suitable 

blocks are obtained for dressing into the various forms needed 

in the better kind of buildings. The rock of this division is 

also strong and endures exposure well. That of both divi- 

sions has been largely used for macadamizing the streets of 

Burlington, to which is sometimes added the flinty masses of 

the silicious beds, the only purpose for which the latter are of 

any economic value. The upper division is of the greatest 

economic value, the material being a little better than that of 

the lower, greater in amount and occupies a greater surface 

area. 

The color of some portions of the limestone of the upper 

division is so nearly white and its texture somewhat crysta- 

line, the purer pieces resemble marble, but the want of 

uniformity in its texture and the presence of silicious lumps 

and particles in it will prevent its successful use for any orna- 

mental purpose. 

Fossils. The Burlington limestone received its name from 

the city where its peculiar characteristics are best shown, and 

have been most studied. The formation has in turn caused 

the name of the city to be spoken among men, who otherwise 

would have hardly been aware of its existence; for the great 

abundance and variety of its characteristic fossils—crinoids— 

have justly attracted the attention of geologists and natural- 

ists in all parts of the enlightened world. Although the area 

occupied by the outcrop of this formation in Iowa is compara- 

tively so small, yet the fossil remains it has afforded are of 

the most remarkable character and profusion. The abun- 

dance and variety of the crinoidal remains of both divisions 

constitute indeed the most, distinctive paleontological feature 

of the formation, but were this characteristic absent or less 

conspicuous, it would still have a distinguishing paleeonto- 

logical feature in its fish remains. 

VERTEBRATES. The only remains of vertebrates which the 

formation has thus far afforded, are those of fishes. The’ 

greater part of these are the teeth and spines of Selachians— 
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fishes related to the sharks of the present seas. The others, 

which are rare, consist mainly of the dermal plates of Ganoids 

—fishes somewhat related to the gar-pike of the Mississippi 

and its tributaries. No remains of bony fishes, like those 

most common at the present day, are found in these rocks, 

and it is believed that none such existed at the time the 

material of those rocks were being deposited. 

Besides the occurrence of fish remains as isolated specimens 

at various localities, and throughout the whole vertical range 

of the formation, they are particularly numerous at some 

limited localities, where they are sometimes found crowding 

the entire substance of a single stratum for a considerable dis- 

ance. It has been supposed that the strata of this formation, 

thus charged with these remains as seen at many and distant 

localities, were parts of one continuous and uninterrupted 

horizon, all having had a simultaneous origin. It was 

thought that this assumed horizon was to be recognized at 

many localities in southeastern Iowa and western Illinois, 

some of which are more than a hundred miles apart. It is 

more probable, however, that there are many horizons in 

the formation, characterized by a profusion of fish remains, 

all of which are comparatively quite limited in extent. 

On Buffington creek near Columbus City, in Louisa county, 

there is a stratum in an exposure of this limestone having a 

thickness of from eight to twelve inches, so fully charged with 

these remains, that a part of it might with propriety be called 

bone breccia.* Above'and below the stratum are the ordinary 

firm layers of Burlington limestone. The fish-stratum itself 

is nearly of the same texture, but a part of it is soft and 

friable, and sometimes slightly magnesian. The rock, as 

usual, is colored yellowish with per-oxyd of iron, and where 

the fish remains are the most abundant, it has a greenish 

tinge, with numerous specks of deeper green. A qualitative 

analysis of this greenish rock by Prof. Emery, shows the 

* This interesting locality was discovered by Frank Springer, Esq., of Burlington, 

who has made for himself a fine collection of all species found there. 
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presence of a considerable quantity of phosphoric acid, the 

_ phosphorus, without doubt, having been originally derived 

from the decomposed bodies of the fishes. Irregular, globu- 

lar or elongated masses of small size are not unfrequently 

met with in the strata that contain more or less fish remains. 

These also show a considerable proportion of phosphoric acid 

upon analysis, and are without doubt coprolites—the 

fossilized excrement of fishes. Besides their chemical compo- 

sition and other characters which suggest such an origin for 

those bodies, the microscope, and often even the unassisted 

eye, discovers them to be partly composed of the commi- 

nuted shells of mollusks that formed the food of these 

rapacious tyrants of the ancient seas. 

The fish-stratum at Buffington creek can be distinctly ‘i aced. 

for the distance of half a mile, with only slight interruptions 

by concealment, and is as well marked where it is finally lost 

from view in both directions as it is in any part of the 

exposure. 

In the valley of a small creek a few miles west of Burling- 

ton, another similar stratum is to be seen enclosed between 

firm layers of Burlington limestone. Still others have been 

found in the same formation at Monmouth; on Honey creek 

in Henderson county, and at Quincy, all in the State of 

Illinois; but the most remarkable locality of the kind yet 

discovered, is the one in Louisa county, Iowa, which has just 

been deseribed. , 

Besides many specimens not yet studied and identified, 

some of which are probably yet new to science, the following 

genera have been recognized as occurring in the Burlington 

limestone, namely: Cladodus, Petalorhynchus, Polyrhizodus, 

Antliodus, Chomatodus, Orodus, Helodus, Psanvmodus(?) 

Cochliodus, Deltodus, Sandalodus, Trigonodus, (and undeter- 

mined species). These are all Selachian genera; the Ganiod 

_remains are comparatively rare, and have thus far been very 

little studied. 

In the lower division of Burlington limestone, fish remains 

are less common than they are in the upper division, but more 
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so than they are in the Kinderhook beds. In the upper 

division their abundance is so largely increased that they 

form a very conspicuous feature of its paleontology: and 

taken together, with the abundance of similar remains in the 

Keokuk limestone, these vertebrate relics constitute a promi- 

nent character of the paleontology of the whole group of 

Sub-carboniferous rocks of lowa. 

ARTICULATES. Remains of Articulates are rare in this 

formation, and, so far as yet discovered, they are confined to 

two species of trilobites, both belonging to the genus, 

Phillipsia. One, if not both of these, is specifically different 
from the two species found in the Kinderhook beds. 

Mo.uvsks. Fossil shells are very common in this formation, 

but they constitute a much less prominent paleontolgical 

character of it than they do of some of the other formations 

of the group. The classes Gasteropoda, Pteropoda, Brachio- 
poda, Lamellibranchiata and Polyzoa are all represented; 

but thus far no Cephalopods nor any specimens of the 

Heteropod division of Gasteropods have been recognized in 
the true Burlington limestone. 

RapiatEs. The two lowest classes of the sub-kingdom 
Radiata, are represented in the genera Zaphrentis, Amplexus 
and Syringopora, while the remains of the highest class— 
HKchinoderms—are found in both divisions of the formation, 
in the most extraordinary profusion. A few of these are 
Asteroids and Blastoids, but Crinoids are more abundant 
than all other Radiates. The number of species of Crinoids 
alone that have been obtained from the Burlington limestone 
of Iowa and the adjoining States, is now known to reach 
more than three hundred.* 

* At Burlington several persons have made important collections of fossil Echino- 
derms; but the collection made there by Mr. Charles Wachsmuth, within the last 
twelve years, is most remarkable, and is without doubt the most extensive collection 
of the kind in the world, made at one locality. Mr. Wachsmuth has furnished me 
With the following summary of his collections made at, and in the vicinity of Bur- 
lingion alone, from both divisions of the Burlington limestone: 

Orinoidce 338 Species, included in 40 Genera. 
Blastoide 17 ry OE 4 6 

Eichinide 6 i oF z 6s 

Asteroidc 4 se oe 2 ‘e 
Ophiuride il és “ 1 be 

Total Species 366 5) Genera, 



210 GENERAL GEOLOGY. 

3 THE KEOKUK LIMESTONE. 

Syn.—LOWER ARCHIMEDES LIMESTONE OF OWEN AND OTHERS. 

Area and General Characters. The Keokuk limestone 
consists in lowa of about fifty feet in maximum thickness of 

grayish limestone, usually having a bluish tinge, together 

with about forty feet of shaly, calcareo-silicious strata, 

usually containing many silicious geodes, and forming a 

gradual passage to the St. Louis limestone above. It occu- 

pies a more limited area than any other formation of the 

Sub-carboniferous group in Iowa. It is well developed and 

largely exposed at the city of Keokuk, from which the 

formation derives its name, but the most northerly point 

at which it has been recognized is in the northern part of 

Des Moines county, where it has nearly thinned out, and 

it appears also much thinner all along the eastern border 

of its outcrop in that county than it does in the vicinity of 

Keokuk. In the southwestern part of Washington county, 

the St. Louis limestone appears in such proximity to the 

Burlington limestone as to render it almost certain that the 

Keokuk limestone has thinned out there. The general 

westerly dip of the rocks in this part of the State is so 

great, that the Keokuk limestone not only thins out upon 

the Burlington limestone in Des Moines county, but it also 

passes beneath the St. Louis limestone in its southwestern 
portion. The general dip of all the formations, being 

southerly as well as westerly, would naturally carry the 

Keokuk limestone so far beneath the surface in Yan Buren 

county, that it would not appear at all there if it were 

not that a gentle anticlinal axis, having a northerly and 

southerly direction, brings it up to the surface again along the 

Des Moines river at and in the vicinity of Bentonsport. From 

this region the general dip carries it beneath the succeeding 

strata, and it is seen no more in Iowa. It is only in the four 

counties of Lee, Van Buren, Henry, and Des Moines that the 

Keokuk limestone is to be seen ; but it rises again and is seen 

in the banks of the Mississippi river some seventy-five or 
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eighty miles below Keokuk, presenting there precisely the 

same characters that it has in lowa. 

The calcareous portion of the formation—the Keokuk lime- 

stone proper—consists of more or less massive layers of sub- 

crystaline limestone, alternating with layers of bluish marly 

shale, sometimes amounting only to a mereyparting between 

the layers of limestone, but at other times they form beds of 

two or three feet in thickness. This is its character at and in 

the vicinity of Keokuk, but as it thins out to the northward it 

is less shaly. The upper silicious portion of the formation, 

known as the Geode bed, nowhere reaches so great a thickness 

as the upper silicious portion of the upper division of the 

Burlington limestone does at the rapids above Keokuk ; but 

the great thickness there of the latter is probably only a local 

development. If that is the case, we have a gradual increase 
in bulk of these silicious beds of passage from that one which 

separates the two divisions of Burlington limestone, to the 

Geode bed inclusive. Not only is this probably the case, but 

there is also a gradually increasing amount of silicious 

matter disseminated throughout the limestone itself, from the 

lower Burlington limestone to the Keokuk limestone inclusive. 

This silicious matter in the limestones has not been mechan- 

ically deposited as sand has, yet much of it is in a finely 

divided condition. It has a tendency to form irregular con- 

cretions in the limestone, sometimes accumulating around a 

fossil shell as a nucleus, or the sheli itself becomes silicious 

while the imbedding limestone is quite pure, showing that 

there has been a movement and re-arrangement of the 

molecules of silex since the original deposition of the 

material now composing the rock. With the completion 

of the Geode bed above the limestone portion of the forma- 

tion, the tendency to the accumulation of silicious strata by 

precipitation of silex is very greatly diminished. The S8St. 

Louis limestone is not free from cherty bands and nodules, 

but their aggregate amount is so small that it presents quite 

a contrast with the formations which preceded it. 

The geodes of the Geode bed are so attractive, as showy 
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specimens in mineralogical cabinets as to merit a brief notice. 
They are more or less spherical masses of silex, usually 

hollow and lined with crystals of quartz. The outer crust is 

rough and unsightly, but the crystals which stud the interior 

cavity are often very beautiful. The prevailing kinds of 
crystals are of quartz, but those of calcite are quite common 

in the same geode. Sometimes they also contain crystals of 

the sulphurets of iron and zinc. They vary in size from that 

of a walnut to a foot in diameter. The crust of the geodes in 

this formation is invariably silicious, but geodes are found in 

the soft magnesian limestone of Devonian age in Bremer 

county, the crust and lining crystals of which are carbonate of 

lime, some of which are quite free from silex. 

The Geode bed of the Keokuk limestone seems to be some- 

what local in its development as such, because it is not 

recognizable in the northern portion of the formation in 

Towa, nor in connection with it when it rises again, seventy- 

five or eighty miles below Keokuk. 

Economic Value. The economic value of this formation 

consists entirely in its stone, but this is very great. Some of 

its layers furnish the finest quality of building material yet 

found in the State; large quantities of which have been 

carried to distant points for the erection of.costly structures, 

among which is the Custom House and Post Office building at 

Dubuque, and a part of that also at Des Moines. The 

principal quarries of it are upon both banks of the Missis- 

sippi river from Keokuk up to Nauvoo, a distance of 

about fifteen miles. Many quarries are also worked within 

the city of Keokuk. 

The accompanying sketch of one of them in the southern 

part of town will give an idea of the stratification and general 

aspect of such exposures. . 

Notwithstanding the great value of much of the stone of 

this formation, care is requisite in selecting building rock 

from it, because some of the layers, although they look well 

when first quarried, will, nevertheless, split and crumble to 

pieces upon exposure to the atmosphere and frost much in 
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the same manner that the stone of the oolitic limestone at 

Burlington does. These layers, however, as well as the 

creater part of the others, make excellent lime, so that the 

whole region occupied by this formation is well supplied with 
that indispensable article. 

Fossils. The only vertebrate remains in this formation 

are, as might be expected, those of fishes. These are so 
frequently met with that with the perceptibly waning promi- 

nence of the crinoidal characters of this limestone, as 

compared with those of the Burlington epoch, they constitute, 

next to the crinoids, the most prominent paleontological 

feature of the formation. 

So far as yet discovered, the fish remains of the Keokuk 

limestone all belong to the order Selachians, and consist of 

both teeth and spines; the latter being referred wholly to 

that order, because no undoubted Ganoid remains are found in 

the formation. Some of the teeth and spines are of great 

size, indicating that their owners probably reached a length 

of twenty-five or thirty feet. 

None of those distinct layers of rock crowded with fish 

remains, such as were before mentioned, as occurring in the 

Burlington limestone, have been discovered in the Keokuk 

limestone within the limits of Iowa, but such remains are 

more generally distributed throughout the strata of the forma- 

tion. The genera thus far recognized in this formation are 

Cladodus, Petalorhynchus, Chomatodus, Antliodus, Helodus, 

Orodus, Psanvmodus (?), Cochliodus, Pecilodus, Deltodus, 

Sandalodus, Trigonodus,, Oracanthus, and Drepanacanthus. 

ARTICULATES. Two species of the genus Phillipsia are 

the only representatives of this sub-kingdom yet found in the 

Keokuk limestone in Jowa. | 

Mo.uuusks. No Cephalopods have yet been recognized in 

this formation within our State; Gasteropods are rare, and 

the Heteropod division of the latter class has not been 

recognized. <A few Lamellibranchiates are found, and Bro- 
chiopods and Polyzoans are quite abundant. Among the 

latter is the form supported upon a spiral axis, known by 
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the sub-generic name of Archimedes, and which gave the 

former name to this formation. Although the remains of. 

those two classes of mollusks are common, and in some parts 

of the formation even abundant, its crinoidal and fish remains 

constitute its most important paleontological features. 

RapiaTes. Of corals, the genera Zaphrentis, Amplexus, 

and Aulopora are found, two species of the former genus 

being quite common, but ¢rinoids are far more abundant than 

all other radiates. Indeed the Keokuk limestone is decidedly 

crinoidal, but not so conspicuously so as both divisions of 

the Burlington limestone are. 

In an article published by the writer in 1860, an interesting 

relation was shown to exist between these limestones of the 

Sub-carboniferous group, by means of their crinoidal forms. 

Thus, by comparing collections of these fossils from both 

divisions of the Buriington limestone, together with those 

from the Keokuk limestone, we find that they exhibit three 

successive grades of general type. Taken as a whole, those 

of lower Burlington limestone are of smaller size than those 

of the upper, and these latter are generally smaller than those 

of the Keokuk limestone. Again, those first named, have 

generally a delicacy of construction and surface ornamen- 

tation, together with a pleasing symmetry of outline, which 

cause them to present quite a contrast with those of the upper 

division, the aspect of the latter being more gross, and their 

ornamentation coarser. In the Keokuk limestone, most of 

the species are large, and they reach there a culmination: of 

rudeness in their ornamentation and a strange extravagance 

of form, quite characteristic of its crinoidal forms. 

With this culmination, crinoids cease to have much promi- 

nence among the fossils of the Carboniferous system, although 

they are absent from none of its formations. 

The genera of crinoids and other echinoderms are not so 

numerous in the Keokuk limestone as they are in either of 

the divisions of the Burlington limestone. It is proposed to 

give a complete catalogue of these interesting fossils from all 

the Iowa formations in a future report. 
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Protozoans. Of these low forms of animal life, a small 

fossil related to the sponges is found in small numbers in 

the Keokuk limestone. It is known by the generic name of 

Sphenopoteriwm, (Meek and Worthen.) 

4, THE ST. LOUIS LIMESTONE. 

Syn —CoNCRETIONARY LIMESTONE (OWEN); WARSAW LIMESTONE IN PART (HALL), 

Area and General Characters. Although the St. Louis 

limestone is not the uppermost one of the Sub-carboniferous 

formations, as the group is recognized in the valley of the 

Mississippi river, yet it is the uppermost one of the group in 

Iowa, where the Lower Coal-measures are usually found 

resting directly upon it, forming, so to speak, a limestone 

floor for the coal-bearing formations. ‘There are exceptions to 

this, but they will be more fully explained further on under 

the head of Unconformability of the Coal-measures upon the 

Older Rocks, &c. The lithological characters of the St. Louis 

limestone are very constant wherever they are found in the 

State; and being principally limestone, it presents a marked 

contrast with the coal-bearing strata which rest upon it. The 

superficial area which this formation actually occupies in 

Iowa is comparatively small, because it consists of long, 

narrow strips; but its extent within the State is known to be 

very great from the fact that it is found at points so distant 

from each other. Commencing at Keokuk, where it is seen 

resting upon the geode division of the Keokuk limestone, 

and proceeding northward, it is found forming a narrow 

border along the edge of the coal-field in Lee, Des Moines, 

Henry, Jefferson, Washington, Keokuk, and Mahaska coun- 

ties. Itis then lost sight of beneath the Coal-measure strata 

and overlying drift until we reach Hamilton county, where it 

is found in the banks of Boone river with the Coal-measures 

resting upon it as they do in the counties just named. The 

exposures here are very limited, and the next seen of the 

formation is in the banks of the Des Moines river at and near 

Fort Dodge. These two last named localities are the most 
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northerly ones at which the formation is exposed, and they 

are widely isolated from the principal portion of the area it 

occupies in lowa; between which area, however, and those 

northerly points it appears by a small exposure in the valley 

of a tributary of Skunk river, near Ames, in Story county. 

At Sternberg’s mill, on Boone river, Fie. 9. 

six miles below Webster city, the 

following section, illustrated by fig. 

9, was measured, commencing at the 

water-level below the mill-dam : 

No. 3. Compact, gray, fragmentary, and concretionary limestone. 414 feet. 

No. 2. wolt, clear-orit erayish sanastone je... ce eee eee eee 4 feet. 

No. a *Shaly ealeareous sandstone hs 0 ve onto oer asec 10 feet. 

No. 3 contains fossils characteristic of the St. Louis limestone, and although 

none of any kind were found in the other strata they are also referred to the 

same formation without hesitation. A full section of the rocks at Fort 

Dodge, including the St. Louis limestone there, the coal-measures, and the | 

gypsum will be found in connection with a description of the geology of 

Webster county. 

The eastern part of the Lower coal-measure formation is 

so thin that the larger streams which traverse the region it 

occupies, have cut their valleys down entirely through it and 

exposed the St. Louis limestone floor upon which it rests. It 

is found exposed in this manner at frequent intervals in the 

valley of the Des Moines river from a point near the centre of 

Marion county to the mouth of the river. This is also the 

case in a part of the valley of Skunk river and of some of its 

larger tributaries. 

The St. Louis limestone formation, as it exists in Iowa, 

consists of three tolerably distinct sub-divisions, princi- 

pally dependent on lithological characters. These are 

magnesian, arenaceous, and calcareous. The first and 

lowest consists of a series of yellowish gray, more or less 

magnesian and usually massive layers. The second is a 

yellowish or light gray friable sandstone, and the third 

or upper division is principally composed of light gray 
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compact limestone, sometimes uniformly bedded, but it often 

has aconcretionary and even a brecciated character. These 

divisions may be observed to best advantage in the south- 

eastern corner of Jowa and the adjacent parts of Illinois. 

Mr. Worthen, State Geologist of Illinois, gives in his report 

the following section of the rocks of this formation at the town 

of Warsaw, on the east side of the Mississippi river, imme- 

diately opposite the southeast corner of Iowa. It is repre- 

sented by fig. 10, and introduced here because it is more com- 

plete than any afforded by exposures upon the Iowa side: 

Fie. 10. 

No. 4. Concretionary and brecciated limestone ................000- 30 feet. 

Beige PR ACCOM IEIGSLONE. . . Lo cdo gdlete cs she tases ccc ceeeceedss 10 feet. 

No. 2. Blue argillaceous shales and limestone. ..... le AROS 2 a aes 30 feet. 

No. 1. Magnesian MIRELU SEONG Se tet eer eet thie Sys olden aeaclaes 12 feet. 
28 
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The three lowest members of this section and their geological 

equivalents elsewhere were designated by Prof. Hall in the 

former geological report of lowa as a distinct formation, 

under the name of ‘‘ Warsaw limestone,” but as there seems 

to be no sufficient reason for such a separation, they are 

in this report all referred to the epoch of the St. Louis 

limestone, and the use of the name Warsaw limestone dis- 

discontinued. The bluish argijlaceous shales which so 

prominently characterize the exposures of this formation 

at Warsaw are scarcely recognizable in Iowa, even upon 

the opposite bank of the river; so that only the three 

divisions before mention are recognized in our State. 

The upper division, consisting of the compact concretionary 

limestone, is the one most commonly met with, but both the 

magnesian and sandy divisions are frequently found in con- 

nection with it, and are seen even at those northern localities 

in Hamilton and Webster counties. The maximum thickness 

of the whole formation in Iowa, including its three divisions, 

is about seventy-five feet. ‘The upper calcareous portion, 

especially in southeastern Jowa, is usually capped with 

several feet in thickness of grayish, fossiliferous, marly clay, 

and similar material often forms partings between the layers 

of limestone. This portion reaches a maximum thickness of 

about thirty-five feet. The sandstone, or middle division, 

reaches a thickness of twenty feet at Keosauqua, but it is 

usually thinner. It is sometimes shaly, but usually a clear- 

grit sandstone, and has been distinctly recognized in Lee, 

Van Buren, Mahaska, Webster, and Hamilton counties. The 

lower, or magnesian division, although generally consisting 

of a tolerably pure magnesian limestone, sometimes has a 

part of its layers sandy or shaly. It reaches a maximum 

thickness of about twenty feet. 

During the time of the deposition of this formation, there 

seems to have been some slight disturbance of the strata, 

apparently amounting only to local disarrangements of its 

own layers. This is principally shown in the upper division 

and consisted in the slipping, bending, or slight distortion of 
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all the strata. Also by the breaking up of that limestone 

into angular fragments, which have in many cases become 

re-cemented together by similar limestone material, forming 

the breccia before referred to. The most of this disturbance 

seems to have prevailed during the deposition of the upper 
division and to have commenced with its beginning, for at 

Keosauqua we find angular fragments of the limestone 
imbedded in the upper layers of the sandstone of the middle 

division, while the limestone strata above it retain their 

continuity. The slight local distortion of the strata of this 

formation is shown in the accompanying sketch of an 

exposure on the right bank of the Des Moines river, half a 

mile above Keosauqua. The upper and middle divisions 

only are shown in the sketch, but the extreme upper part of 

the lower division exists at the water’s edge there, where it is 

brought up by one of the slight folds. At that point instead 

of being as usual, magnesian, it is nearly pure limestone. 

Economic Value. The upper division, consisting as it does 

of almost pure carbonate of lime, furnishes excellent mate- 

rial for quicklime, even when it is so concretionary and 

brecciated that it will not serve a good purpose for building 

material. When quarries are well opened in it the layers 

are usually found to be sufficiently uniform for common 

purposes, and sometimes massive, as they are in the north- 

western part of Van Buren county, where large blocks were 

formerly quarried for use in the now abandoned Des Moines 

river improvements. At several points in the vicinity of Pella 

in Marion county, as well as elsewhere, the upper layers 

of the upper division are rather thin and regularly bedded, 

while the lower layers of the same are uniform and thicker, 

and furnish some of the best quality of limestone for dress- 

ing into all desirable forms for building purposes. Wherever 

the strata of the upper division are exposed they furnish 

good material at least for common masonry and for lime.* 

*Some layers of this division having a very compact texture have lately been tested 

for lithographic purposes, with results thus far only partially satisfactory. Further 

trial is necessary to fully test its value, and a company has been formed for that 

purpose. 
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The sandstone, or middle division, is of little economic value, 

as the rock is usually too soft for any practical use. It 

hardens a little, however, upon exposure, and in the absence 

of better material might serve for cheap structures. It is 

much like the sandstone of the coal-measures. The lower, 

or magnesian division, furnishes some excellent material for 

heavy masonry. On Lick creek in Van Buren county, near 

Kilbourne station, four massive layers of this division have 

furnished some excellent material for abutments and piers for 

the railroad bridges, and almost any desired quantity may 

yet be obtained there. Actual tests have shown this to be 

a very durable and valuable stone. In Des Moines county 

the magnesian layers of this division are found exposed 

in the valley of Long creek, about seven miles west of 

Burlington, and are much used in that city for the necessary 

dressed stone for the better class of buildings. This is the 

most easterly extension of the formation in that region, or 

the exposures there are probably part of an outlier. Wher- 

ever the magnesian rock ofthis lower division of the St. 

Louis limestone has been used it has proved to be a good 

and durable stone. | 

Fossils. None of the paleontological features of this 

formation stand out with such prominence as some of those 

of the two preceding formations do, but still they are well 

marked, and its characteristic fossils are so uniformly present 

wherever the limestone and its accompaning shales are found 

that one feels no hesitation as to its identity wherever it 

appears. 

VERTEBRATES are represented only by the remains of fishes. 

They belong to the two orders, Selachians and Ganoids, prin- 

cipally to the former, among which the following genera are 

recognized in Iowa strata, but several other genera are known 

in the same formation in Illinois: Cladodus, Helodus, Del- 

todus Chomatodus, Cochliodus, and Homacanthus. 

The Ganoid remains belong to the genus Holoptychins or 
to a closely allied genus. They consist of detached, sub- 

circular scales from one inch to nearly two inches in diameter. 

! 
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Associated with them, and probably belonging to the same 

species, are found long, slender, hollow, curved spines. 

ARTICULATES are represented by one species of the trilobite 

genus Phillipsia, and two ostracoid genera Cythere and 

Beyrichia. The latter is so abundant at one locality, a 

couple of miles northward from Pella, that a bed of limestone 

four feet in thickness is principally composed of its cast-off 

shells. Specimens of both the other mentioned genera of 

Articulates are rare. 

Mouuusxks. The fossil shells of mollusks distinguish this 

formation more than the remains of any other branch of the 

animal kingdom. They include the classes Gasteropoda, 

Lamellibranchiata, Brachiopoda, and Polyzoa. No Cepha- 

lopods have yet been recognized in these rocks in Lowa, 

although they are well known to exist in the formation 

elsewhere. Gasteropods are not abundant; Lamellibran- 

chiates prevail most in some of the layers of the lower 

division; Brachiopods are more characteristic of the upper 

division, in the marly clay and shales of which they are 

sometimes abundant. Polyzoans are not abundant in the 

strata of Iowa, but at Warsaw, Illinois, the lowest division 

there contains them in the greatest profusion. 

RADIATES are comparatively rare, with perhaps the excep- 

tion of the large conspicuous coral Lithostrotion, which is 

frequently met with in southeastern [owa. Other genera are 

Laphrentis, Syringopora, Chetetes, etc. Crinoids and all other 

Echinoderms are rare, showing a marked contrast in that 

respect between this formation and the two which preceded 

it. Pentremites Koninckana, P. conoideus, Rhynchonella 

Ottwmwa, supposed formerly to be characteristic of the 

‘*Warsaw limestone,” are all found in the St. Louis limestone 

of lowa, but the two former are very rare here. The following 

species are regarded as more characteristic of the formation 

than any others: Spirifer Keokuk var. (Hall) Rhynchonella 

Ottumwa, (White), Athyris ambigua, (Sowerby), and Litho- 
strotion canadeuse, (Castelnau). The three first named species 

are aS common at Fort Dodge as they are in the southeastern 
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part of the State, although the two points are two hundred 

miles apart. | 

VEGETABLE Remains. Although Dr. Owen reported some 

years ago the discovery of the vegetable genera Lepidoden- 

dron and Calamites in the sandstone division of this formation 

in southeastern Iowa, subsequent careful search has failed to 

detect any trace of such remains in that sandstone, and it is 

therefore believed that they were observed in the sandstone 

of the Lower coal-measures, which closely resembles that of 

the St. Louis limestone formation in its lithological characters, 

and is frequently found exposed in the same neighborhood 

with it. This supposition is the more probable since he 

reports two divisions of the concretionary limestone, identical 

in character, with a series of sandstone layers between them. 

The existence of more than one of these we have been unable 

to verify. The only remains of vegetation yet known to 

exist in this formation consists of a few inches of carbon- 

aceous shale found between layers of limestone near Pella, 

and a few fucoid-like markings upon the limestone strata. 

there. 

§. CONCLUDING REMARKS UPON THE SUB-CAR- 

BONIFEROUS GROUP. 

In Iowa, the distinguishing lithological character of the 

Sub-carboniferous group is its limestones. These are both 

common and magnesian limestones; the former largely pre- 

dominating. The sandstones of the earliest epoch are fine 

grained, which seems to indicate that the waters in which 

they were deposited were without strong currents. In the 

Burlington and Keokuk limestone formations, as seen in 

Iowa, sandy material is very rare, but among the strata of 

the St. Louis limestone, we find the first clear grit or coarse 

sandstones. From and after this epoch the coarse sandstones 

prevail, and sometimes even exceed any other strata in aggre- 

gate bulk. In southern Illinois and in some parts of 

Kentucky, the Chester limestone formation is largely made up 
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of them, and by these sandstones that formation gradually 

merges into the Lower coal-measures, instead of the latter 

resting directly upon the St. Louis limestone as they do in 

lowa. 

The Sub-carboniferous group has ancther lithological pecu- 

liarity, not entirely unknown in other rocks it is true, but its 

_ prevalence and periodical occurrence are remarkable, as well 

as the effect. it seems to have produced upon animal life in the 

waters in which the strata were deposited. This is the 

presence of the silicious material which forms the beds of 

passage from one of its limestone formations to another, and 
has been before referred to. The silex, except in a few 

unimportant instances, is not in the form of sand, but has 

evidently been precipitated from the waters of the seas in 

which it was at first held in solution, the increasing preva- 

lence there of which seems to have been incompatible with 

the continuance of the forms of marine life that existed so 

abundantly during the deposition of the limestones. It 

seems to have been especially uncongenial to the echino- 

derms, for from and after the first material increase of silex 

in the limestone strata they began to diminish in numbers 

and became wholly extinct when the strata became mainly 

silicious; but they were introduced again in great abundance 

under other specific forms as soon as the limestone of the 

next epoch began to accumulate. 

These peculiar silicious deposits, which have already been 

described, prevailed periodically, from the epoch of the 

lower Burlington limestone to the Keokuk limestone inclusive, 

and then ceased: at least in their distinctive form after the 

last named epoch. 

The rocks of the Sub-carboniferous period have in other 

countries and in other parts of our own country, furnished 

valuable minerals and even coal; but so far as we know them 

in lowa, the economic value of the group is confined to its 

stone alone. . 

It has been shown upon previous pages that the Lower 

Silurian, Upper Silurian, and Devonian rocks of Iowa are 
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largely composed of magnesian limestones, the proportion 

diminishing in those of Devonian age. Coming next to the 

Sub-carboniferous rocks we find that magnesia enters largely 

into their composition also, but in a still further diminished 

proportion. Magnesian limestone forms a considerable 

proportion of the Kinderhook beds; less in the Lower Bur- 
lington limestone; it is almost absent in the Upper Burling- 

ton limestone; and also in the Keokuk lmestone proper, 

although the Geode bed contains some magnesia. In the 

lower division of the St. Louis limestone there are important 

beds of magnesian limestone again. With the completion of 

the last named formation the production of the magnesian 

limestone seems to have ceased among the rocks of Iowa, for 

numerous analyses of Iowa rocks of later date fail to show 

more than an insignificant amount of magnesia in their com- 

position. 

Again, at the commencement of the Kinderhook epoch 

there was a considerable deposition of argillaceous material. 

Afterwards, and during the whole epoch of the Burlington 

limestone there was very little of such material deposited. 

In the Keokuk limestone formation again we find important 

beds of bluish, shaly clays, and similar material also 

prevails in the St. Louis limestone, both as beds of consid- 

erable thickness, and as marly partings between the layers of 

limestone. 

The remains of fishes and echinoderms constitute such 

prominent features in the fossil fauna of the Burlington and 

Keokuk limestones, as to impress that prominence upon the 

paleontology of the whole group. Although the Devonian 

age has been called the age of fishes, and perhaps very 

properly so as relates to the geology of the whole earth, 

yet so far as lowa is concerned the rocks of no period can 

compare with the Sub-carboniferous in the abundance and 

variety of its fish remains. 

Crinoids and other echinoderms are found in the strata 

of all ages, but they reached an extraordinary degree of 

profusion in the seas of the Sub-carboniferous period, as 
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shown by their abundant remains in different parts of the 

world, and the rocks of that age in our own State possess 

a distinguished reputation in this respect, particularly those 

of the Burlington limestone. With their crinoidal and fish 

remains, the Burlington and Keokuk limestones will in the 

future become more famous among geologists, perhaps, than 

any other formations in North America. Next to those just 

mentioned, the most conspicuous fossils of the Sub-carbonifer- 

ous rocks of Iowa are Brachiopods. 

With the exception of a very little carbonaceous shale in 

the St. Louis limestone, and some traces of fucoids in the 

same and other strata, no remains of vegetation have yet been 

discovered among the Sub-carboniferous strata of Iowa. All 

other organic forms yet found, belong to the animal king- 

dom, and are all marine. 

6. THE UNCONFORMABILITY OF THE COAL-MEASURES 

UPON THE OLDER ROCKS, AND OF THE ST. LOUIS 

LIMESTONE UPON THE OLDER FORMATIONS OF THE 

SUB-CARBONIFEROUS GROUP. 

It has been shown that quite a number of the formations, 

which in other parts of the country help to make up the full 

geological series, are wanting in lowa ; yet, notwithstanding 

these deficiencies there is, from the Potsdam sandstone to the 

Keokuk limestone, inclusive, strict conformability of each one 

of our Iowa formations upon the next preceding one; even in 

those cases where several successive formations are wanting 

from the full geological series between them. ‘That is, there is 

no lapping back of any of them over another, but their borders 

eradually recede from each other to the southwestward. It 

has been explained also, that the Kinderhook beds, resting 

all the way upon the Devonian rocks, can be traced from Des 

Moines county to Pocahontas county, a distance of more than 

two hundred miles. Then we find the most northerly exten- 

sion of the Burlington limestone, falling far short of the most 

northerly point to which the Kinderhook beds have reached ; 

it ee been recognized no farther north than the northern 
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part of Washington county in its unmistakable characters, or 

at most, no farther north than Marshall county. Then we find 

in the northern part of Des Moines county the most northerly 

recognized limit of the Keokuk limestone. In short, we 

recognize the same gradual recedence of the borders of the 

formations of this group, thus far mentioned, from each 

other, and their strict conformability upon each other that we 

do in all the other formations previously described. 

The border of the St. Louis limestone, however, does not 

recede as the others have been seen to do, but on the contrary, 

this formation extends much farther to the northward than 

any of the preceding ones of the Sub-carboniferous group do, 

except the Kinderhook beds, and nearly as far northward as 

these. Consequently, the St. Louis limestone rests uncon- 

formably upon all the other formations of the Sub-carbonifer- 

ous group in lowa, notwithstanding the fact that at Keokuk, 

its most southerly point in the State, the Keokuk limestone, 

through its Geode bed, can be traced, layer by layer, to a 

strict conformability with and gradation into the St. Louis 

limestone. 

Fig. 11, illustrates the relations of these formations to each 

other, as before described, and also their relations to the 

Lower coal-measures. 

No. 1. Lower Silurian; 2. Upper Silurian; 8. Devonian; 4. Kinderhook beds; 

5. Burlington limestone; 6. Keokuk limestone; 7. St. Louis limestone; 9. Lower 

coal-measures. 

The number 8 is omitted to indicate the absence of the Chester limestone, 

which would, if present, occupy that relative position. 

This relation. of the St. Louis limestone to the older 

formations of the Sub-carboniferous group it will be seen is 

true unconformability, and differs only in degree from the 

Se = ok oe ae a 
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greater unconformability of the coal-measures upon the older 

rocks, presently to be described. Itis worthy of remark, that 

although these facts leave no doubt that the sea did re-occupy 

an area of land nearly two hundred miles in width which it 

had once receded from, we have also the evidence that it was 

accomplished with very slight disturbance, because we see 

very little of the effects of the receding and encroaching 

shore-line; and all flexures of these strata thus far examined 

can be traced to causes which flexed other and subsequently 

formed strata also at the same time. 

At the close of the St. Louis limestone epoch the elevation 

of the land, and the consequent recedence of the shore line to 

southwestward again, was resumed upon about the same line 

of elevation that the previously formed strata had. The ele- 

vation now seems to have taken place more rapidly than 

before, because the sea border reached much farther to the 

southward than it had previously done, leaving no trace of the 

next formation, which might have been deposited during its 

recedence if it had tarried. The sea-border receded so far to 

the southward that the northern border of the next formation 

—the Chester limestone—did not reach within a hundred 

miles of what is now the southern boundary of lowa. 

At the close of the epoch of the Chester limestone, the 

shallow seas in which the Lower coal-measures were formed, 

again re-occupied the land, extending almost as far north in 

lowa as that sea had done in which the Kinderhook beds were 

deposited. To the northeastward, its deposits originally 

extended much farther than the border of any of the Sub- 

carboniferous formations, outliers of which are now found 

resting not only upon them, but also upon strata of Devonian 

age ; the remainder: of the formation which originally con- 

nected these outliers with each other, and with the main 

body of the coal-field having been removed by subsequent 

denudation. | 
The following diagram, Fig. 12, represents this unconforma- 

bility of the coal-measures upon the older rocks, and the 

resting of the outliers upon strata of different ages : 



228 GENERAL GEOLOGY. 

Byes 12. 
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No. 1. Coal-measures and outliers of the same; 2. Sub-carboniferous; 3. 

Devonian ; 4. Upper Silurian; 5. Lower Silurian. 

From and after the early part of the epoch of the Lower 

coal-measures, the former order and direction of the axis of 

elevation of the strata from the sea as they were successively 

formed, and the consequent recession of the sea to the south- 

westward, seems to have been exactly restored, and not to 

have had the general direction of the dip of subsequently 

formed strata at all changed, by either of the two elevations 

and subsidences before mentioned which the land had under- 

gone. We consequently find the Middle and Upper coal- 

measures having the same general dip to the southwestward, 

and their outcrops the same northwesterly and southeasterly 

trend that the older formations have. It will thus be seen 

that none of the coal-measure strata lap back; or, in other 

words, none of them are unconformable, upon each other, 

although the Lower coal-measures are unconformable upon 

the older rocks. On the contrary, the lowest strata are 

found at the borders of the coal-field, and we come to higher 

and higher ones as we go towards the main body of the 

field. 

The whole surface of Iowa, as well as that of other parts of 

of the country adjacent, having been above the sea during 

the time that the Chester limestone formation was being 

deposited beneath it to the southward, the surface was 

subjected to the same kind of erosion that now produces 

irregularities upon the earth’s surface, such as that of streams 

and falling rains, and the disintegrating effects of the atmos- 

phere and frost. It is probable that some of the present 

streams of northeastern lowa—that part of the State never 

having been covered by the sea since its first elevation in early 
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palezozoic time—now run in valleys that received their initial 

hollowing at that early period. In addition to this, the 

receding shore-line of the sea at the close of the St. Louis 

limestone epoch, and the encroaching one of that in which 

the Lower coal-measures were deposited, produced other 

irregularities upon the surface as well as modifications of 

those previously existing. Thus, when the last named sea 

had occupied that uneven surface, it of course formed an 

uneven bed for the sea until the depressions became filled 

with sediment deposited from its waters ; after which the 

strata thus formed were more nearly horizontal and con- 

tinuous. 

The present existence of outliers of coal-measure strata at 

a distance from the now unbroken border of the coal-field, is 

largely due to the former existence of these depressions ; for 

there is presumptive evidence that the coal-field originally 

extended unbrokenly as far as Scott, Cedar, Linn, Benton, 

and Humboldt counties, but its deposits there were doubtless 

originally very thin, too thin, it is believed, to have afforded 

profitable beds of coal if they had remained, and they were 

subsequently nearly all swept away by glacial or other 

agency, leaving only’ those portions which occupied the 

hollows as ‘ basin-outliers.” The real character of these 

outliers, as found in Scott, Cedar, Johnson, Benton, Tama, 

Marshall, Humboldt, Poweshiek, Washington, Louisa, and 

other counties being popularly misunderstood, has given 

occasion to much useless expenditure of labor and money in 

the search for coal. 

As a rule these outliers may be regarded as practically 

worthless, although they are so unmistakably of coal- 

measure age. The large outlier extending from Muscatine 

nearly to Davenport is an exception, and probably others 

may prove to be so, but even this contains only a single 

bed of little comparative, although it might be of great 

positive value under some circumstances. The mining of it 

will be unprofitable, however, when brought into competition 

with the main coal-field by railway transportation. The 
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writer is fully aware of the possibility of finding profitable | 
although comparatively limited deposits of coal beyond 

the designated border line of the coal-field, but his object 

is to inform the public of the unusual hazard they are 

believed to incur in seeking it beyond that line. | 
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CARBONIFEROUS SYSTEM.—(ConrinvEp.) 

THE COAL-MEASURE GROUP. 

The name ‘‘coal-measures” is one that originated long 

ago among the miners of England, and is now altogether 

without significance, except as an arbitrary term used to 

designate all that group of strata in which coal is found. 

It was formerly supposed that all the coal of the world 

was contained among the geological equivalents of the strata 

which contained it in England. The study of the great coal- 

fields of the United States and of Europe for a long time 

confirmed this opinion, because they were found to corres- 

pond as exactly in geological age with those in England 

as we can ever hope to determine geological equivalency of 

strata.. It was afterwards found that certain varieties called 

‘lignite” or ‘* brown coal” were contained in strata geologi- 

cally, much more recent than those of the Carboniferous 

System, but it was still supposed that true coal was found 

alone in that System among the strata of which it was first 

discovered. We now know that these views are erroneous, 

and that all the coal of the earth was not formed simulta- 

neously during any one particular period of its history, but 

that much coal was formed in the ages subsequent to the 

carboniferous, and some was probably previously formed. 

This question of the later formation of coal has been 

very definitely settled by late researches in China, Mongolia 

and Japan, by Prof. Raphael Pumpelly, and by others in 
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the western part of our own continent, which reveal the 

fact that the strata containing the coal of these vast regions 

are of much later geological age than the coal bearing strata 

of Kurope and America, which were known and studied as 

coal-bearing strata up to within the past few years. These 

Asiatic coals which are shown to be of Mesozoic age, consist 

of both bituminous and anthracite varieties, and some of 

their mines are the oldest coal-mines in the world. 

The coals of the western part of our own country are 

probably of still later origin than those of Asia, just 

mentioned, it being now reported that they are found in strata 

of Tertiary age. These western coals have been generally 

called lignite, but they show no more than, if as much woody 

structure as our lowa bituminous coals do. In view of all 

these facts, not known to the earlier geologists, Prof. 

Newberry justly remarks, ‘“‘ the question is suggested whether 

the name given to the formation which contains the most 

important European coal-strata has not been somewhat 

hastily chosen. 

However, be that as it may, the coal-measure strata of Iowa 

occupy the same relative position in the geological series that 

those do to which the name was first applied, and to which it 

was once supposed all the coal of the earth belonged. These 

later discoveries then, need cause no misconception in the 

mind of the student of Iowa geology when comparing it with 

the ordinary classification of the text-books. 

The coal-measure group of Iowa is properly divided into 

three formations, namely: the Lower, Middle, and Upper 

coal measures, each having a vertical thickness of about two 

hundred feet where it has been most fully studied, but they 

probably all thicken to the southwestward. 

1. THE LOWER COAL-MEASURES. 

Area and General Characters. Itisa matter of great regret, 

that circumstances require the publication of this report 

before this most important of all the geological formations of 
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Iowa has been fully and minutely studied. The very nature 

of the work has made it impossible to do this before other 

and more general portions of it were accomplished. The 

Upper and Middle coal-measures have been more fully 

studied than the Lower, the results of which will be found 

upon other pages. ® 

It was shown.in the preceding chapter, that the area at 

present fully occupied by the Coal-measure strata is 

considerably smaller than it was when the deposit was 

first formed; that from subsequent causes a wide portion of 

its thin border was removed, leaving only outliers or patches 

of that portion of the formation, resting within depressions in 

the older strata; many of these outlers now being found at 

considerable distances beyond the unbroken border of the 

field, with which they were doubtless once continuously 

connected. For this reason, and also because all the strata 

are so generally covered by the Drift Deposit, it is difficult 

to draw a line which shall indicate the exact limit of the area 

occupied by the coal-bearing strata. However, a line drawn 

upon the map of Iowa, as follows, will represent the eastern 

and northern borders of the coal-field of the State with 

sufficient distinctness for ordinary purposes, but the line, as 

now understood, may be found more definitely drawn upon 

the geological map. 

Commencing at the southeast corner of Van Buren county, 

carry the line to the northeast corner of Jefferson county by a 

slight easterly curve through the western portions of Lee and 

Henry counties. Produce this line until it reaches a point six 

or eight miles northward from the one last named, and then 

carry it northwestward, keeping it at about the same distance 

to the northward of Skunk river and its north branch that 

it had at first, until it reaches the southern boundary of 

Marshall county a little west of its centre. Then carry it to a 

point three or four miles northeast from Eldora, in Hardin 

county; thence westward to a point a little north of Webster 

City, in Hamilton county, and thence still further westward 

to a point a little north of Fort Dodge, in Webster county. 
dU 
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Such a line, it is true, will leave to the northward and east- 

ward of it a number of points and outliers which, although 

composed of true coal-measure strata, are believed to be too 

slightly developed in almost all cases to give reasonable 

hope that they will furnish a profitable coal bed. To the 

southward and westward of such a line the coal-field will be 

found unbroken save by the occasional cutting of the river 

valleys down through’ its strata to the underlying Sub- 

carboniferous strata. _ 

In consequence of the recedence to the southwestward of 

the borders of the Middle and Upper coal-measures as before 

described, the Lower coal-measures alone exist to the east- 

ward and northward of the Des Moines river. It is alsoa 

fact that over the whole of this great area, comprising more 

than three thousand square miles, the formation is very thin, 

and has been often cut entirely through by the erosion of the 

valleys by their rivers and creeks. Considering this fact, we 

can only wonder that it contains coal so abundantly as it does. 

The Lower coal-measures also occupy a large area westward 

and southward of that river, but their southerly dip there 

passes them beneath the Middle coal-measures at no great 

distance from the river. The western and southern border 

the surface area occupied by the Lower coal-measures is 

somewhat irregular, and in some parts indefinite, but the 

area on that side of the Des Moines is more than half as 

great as it is upon the other. 

Westward from the Des Moines river, in Webster county, 

nothing more is seen of the coal-measure strata except a 

small exposure on Lizard creek, about four miles west of 

Fort Dodge. The coal-measure strata of this part of the 

State are all of the Lower formation, and beyond it to the 

westward; these as well as all other stratified rocks, are lost 

to view beneath the heavy Drift Deposit which helps to 

constitute the broad ridge of the Great Watershed, until we 

reach the Missouri river, at Sioux City. Here we find strata 

of Cretaceous age. These last named strata belong in the 

geological series, above all others in the State, and if the 

a =. 
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coal-bearing strata exist in that region at all, they are far 

beneath the surface. 

Proceeding southward on the west side of the Des Moines 

river, the next exposures of Lower coal-measure strata, 

except those along the banks and in the immediate valley 

of that river, are found in the valleys of the North and South 

Raccoon rivers in Greene, Guthrie, and Dallas counties. In 

the two last named counties the Lower coal-measure strata 

are seen to pass beneath those of the Middle formation. 

These also are the most westerly points to which the dividing 

line between those two lower coal formations can be traced, 

and it is only southerly and southeasterly from here that 

we find the Middle coal-measures occupying the surface. 

The line of division between the Lower and Middle coal- 

measures, so far as it can be traced, may be approximately 

designated upon the map as follows: 

Commence at a point some five or six miles south of the 

northeast corner of Guthrie county, and carry the line a little 

south of eastward to the east boundary of Dallas county, 

thence southeastwardly through Indianola to the southwest 

corner of Marion county, thence to the northwest corner 

of Appanoose county, thence along Chariton river to the 

southern boundary of the State. 

The order of succession of the strata which constitute 

the Lower coal-measures has not been completely made out 

for want of time, but some of the more important practical facts 

will appear in the chapter on the coal counties. The thick- 

ness of this formation, summing up all the measurements 

of accessible strata, is estimated at about two hundred feet. 

The lithological characters of the strata of the Lower coal- 

measures, are greatly in contrast with those of the Sub-car- 

boniferous formations upon which they rest.. It has been 

shown that the latter consist principally of limestones, and 

that almost no carbonaceous matter is to be found among 

them within the limits of Iowa ; but the Lower coal-measures 

from their very beginning is composed of very different mate- 

rials. The great bulk of this formation is sandstone and 
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shales ; the former often impure and shaly, and the latter 

frequently clayey. In addition to these, there is occasionally 

found in thin isolated layers, or, in somewhat concretionary 

masses, impure compact bluish limestone. At intervals 

among the strata are the beds of coal with their underlying 

beds of so-called fire-clay, the thickness of other strata 

between the beds of coal being very variable. 

It will thus be seen that all the materials composing the 

formation are easily disintegrated and destroyed by exposure 

to the atmosphere and frost, so that the valley-sides of the 

whole region have gentle slopes and are nearly destitute of 

those precipitous, rocky bluffs which characterize a limestone 

region. In a few instances, however, the sandstone of this 

formation is firm enough to present precipitous fronts in the 

valley sides as may be seen in the valley of the Iowa near 

Eldora, and that of the Des Moines near Ottumwa; at Red- 

rock in Marion county, ete. 

The fact that the natural exposures of the Lower coal- 

measures are sO few, makes it difficult to obtain a correct 

knowledge of the order of superposition of the strata. They 

are few because the edges of the strata, if ever exposed, are 

now covered by the debris from the easily disintegrated 

materials which compose them. It is believed, however, 

that by careful study of the natural and artificial exposures 

of its strata, we may yet arrive at a correct knowledge of the 

full details of the formation. | 

Economic Value. No formation in the whole State ' 

possesses anything near the economic value that the Lower 

coal-measures do, nor is there one which will have so great 

an influence upon its future prosperity. These remarks, of 

course, refer to the coal which the formation contains; for 

although the Middle coal-measures will furnish no inconsider- 

able quantities of coal, and the Upper coal-measures also 

small quantities, far the greater part of that indispensable 

element of material prosperity is contained in the strata of 

the Lower coal-measures. The Middle coal-measures pro- 

bably contain as many separate beds of coal as the Lower, 



CARBONIFEROUS SYSTEM. St 

but they are mostly too thin for profitable mining. It is true 

that occasionally a bed of coal in the Lower coal-measures is 

also too thin to be profitably mined, but there are also beds 

now being mined in this formation that reach from upward of 

three feet to seven feet in thickness of solid coal. At the close 

of this chapter, and in that upon the Geology of the Coal 

Counties also, the subject of supplies of coal will be still 

further discussed. 

The beds of clay that underlie almost every bed of coal 

furnish a large amount of material suitable for potters’ use, 

some of which is excellent for the manufacture of common 

stone ware. 

The sandstone of the Lower coal-measures is usually soft, 

and much of it shaly and unfit for any practical use; but at 

some places it is quite a clear-grit sandstone, and has suffi- 

cient firmness to serve as excellent building material, if 

selected with care. This stone has some advantages not 

possessed by ordinary limestone. It is often so massive in 

its stratification, that blocks of large dimensions may be 

obtained, and then its comparative softness enables the work- 

men to fashion it into any desired shape with little labor. It 

hardens considerably after being quarried and exposed to the 

atmosphere for a few months. The best quarries at present 

opened in this rock are those near the town of Redrock, in 

Marion county, which received its name from the stone. 

Here the greater part of the stone is of a pleasant brick-red 

color, produced by the per-oxyd of iron. Some of it has 

been carried to the City of Des Moines for building purposes, 

examples of which may be seen in the State Arsenal there. 

It is well to repeat the caution to avoid carefully the softer 

portions of this sandstone for use in important structures, 

notwithstanding the fact that much of it is valuable. 

In Davis county there is a bed of dark bluish, impure lime- 

stone, about four feet in thi¢kness, being the heaviest deposit 

of limestone yet found among the strata of the Lower coal- 

measures in lowa. It is of comparatively little value for the 

ordinary purposes to which stone is applied, but several years 
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ago it was used for the manufacture of hydraulic lime. The 

lime thus produced was used in some of the now abandoned 

works of the ‘‘ Des Moines River Improvement,” but it seems 

to have been at least only a partial success. ) 

On the whole then, it will be seen that the portion of the 

State which is occupied by the Lower coal-measures is not 

well supplied with building stone. Its brick clays are, 

however, abundant and good, and fuel for burning bricks 

is cheap and accessible. The clays used for. bricks are the 

drift clays which have been derived mainly from the shales 

and clays of the coal-measure strata; while that used for 

pottery is taken from the beds which almost invariably 

underlie each bed of coal. The clay of some of these beds 
is purer and better than that of others, and excellent 

common stoneware is manufactured from it. Some of the 

clays or clayey shales of the Lower coal-measures contain 

so much oxyd of iron, giving it a brownish red color, that 

with proper grinding, it would furnish. a fair article of 

common mineral paint, similar to that now known in the 

market under the name “‘ pecora.” 
In another part of this report, it will be shown that some 

springs containing a little salt are found issuing from the 

Lower coal-measure strata; and an explanation of the 

origin of the term ‘‘Saline lands of Iowa” will also be 

found there. 
In other countries, and in other parts of our own country, 

much valuable iron ore is found among the strata of the 

coal-measures, but although this ore in the form of hematite 

is almost everywhere present among similar strata in lowa 

in small quantities, it is seldom of sufficient purity, and has 

never been found in sufficient amount to be profitably worked, 

even if suitable fuel for smelting were abundant and cheap. 
Among other minerals found among the strata of the 

Lower coal-measures are sulphates of lime, strontia, and 
baryta, and the sulphurets of zinc and iron. All except the 

latter are found in very small quantities and very rarely; and 
they are all of no practical value, their presence there being 

interesting only as mineralogical facts. 
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Fossils. None of the strata of the Lower coal-measures of 

Iowa are usually found containing many fossils, but such 

animal remains as have been thus far discovered among 

them are without exception of marine origin. Judging from 

their analogy with existing species which inhabit salt water, 

they are supposed to have existed in shallow seas and 
estuaries. | 

VERTEBRATES. This sub-kingdom is, so far as yet dis- 

covered, represented only by the remains of fishes, and these 

belong’ to both the orders, Selachians and Ganoids. These 

remains consist of the dermal plates, teeth, and spines of the 

last named order, and thus far of the teeth only of Selachians. 

They are all rare and are mostly confined to the dark carbon- 

aceous shales. The spines referred to the Ganoid order with 

some doubt, are rather small, flattened, and have a somewhat 

bushy extremity. They are found associated with the teeth 

of the genus Petrodus, no other fish remains being found 

immediately associated with them. They have thus far been 

found only in the dark colored laminated carbonaceous 

shales. Associated with these spines and teeth in the shales 

are often found compressed globular or ovoid lumps, from 

half an inch to an inch in diameter, with a dull gray color 

upon fracture. These are, doubtless, the fossilized excrement 

of the same fishes, analysis showing them to contain much 

phosphate of lime. 

Articulates. The only remains of Articulates thus far 
discovered in the Lower coal-measure strata of Iowa, are a 

few incomplete specimens belonging to the Trilobite genus 

Phillipsia, which are very rare. It is likely that ostracoid 

crustaceas also exist in these strata as they do in those of 

the Upper and Middle coal-measures. Possibly insects also 

exist among them as they are known to do in their equiva- 

lents in Illinois. 

Moxuusxks. These are represented by remains belonging 

to the classes Cephalopoda, Gasteropoda, Lamellibranchiata, 

Brachiopoda, and Polyzoa. Cephalopods are rare; one small 

species of Orthoceras only being yet discovered. Gasteropods 



Pata MS ai. i Sy ee 

240 GENERAL GEOLOGY. 

are not unfrequently found; and species of the Heteropod 

division of the order appear again in these strata, none 

having yet been found in any of the Iowa strata that 

intervene between them and the Kinderhook beds. Zamelli- 

branchiates are found in some places in considerable num- 

bers, but brachiopods are the most characteristic fossils of 

the formation, Productus, Chonetes, Spirifer, and Athyris 

being the most characteristic genera. Polyzoa are also 

found, but are not abundant. 

RADIATES are very rare in the Lower coal-measure strata, 

the genus Zaphrentis only, being thus far recognized. 

Protozoa. No specimens of these lowly organisms have 

been detected in the Iowa strata of this formation, but as 

they are not uncommon in the Middle, and abundant in the 

Upper coal-measures, it is probable that they exist in the 

Lower also, because many of the species of fossils pass 

uninterruptedly through the whole series of strata which 

compose the coal-measure group. 

Fossin Piants. With the possible exception of some 

specimens of silicified wood that have been found in the 

Lower coal-measure sandstones, which seems to have 

exogenous structure, all the remains of terrestial vegetation 

yet discovered in this formation probably belong to the class 

Acrogens. The most conspicuous of these remains, and the 

most characteristic of the Lower coal-measures, is one or 

more species of Lepidodendron and another of Calamites. 

Imperfect specimens belonging to these two genera are 

occasionally found in all parts of the region occupied by 

these strata, but the best collections yet obtained were made 

by Prof. T. S. Parvin, from the sandstones of the large coal- 

measure outlier at Muscatine, and during the present season 

he has obtained from the same place some interesting bodies 

that are probable the spore-cones of Lepidodendron. Speci- 

mens of Calamites, as well as of several species of ferns, are 

found among the strata of all three of the coal-measure 

formations, but the genus Lepidodendron seems not to have 

existed later than the epoch of the Middle coal-measures, or 
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if it did its remains seem not to have been deposited in Iowa 

strata of later date. Specimens of it are rare in the last 

named formation, and have not yet been found at all in the 

Up er coal-measures. 

Among the shales of this formation one not unfrequently 

finds what are evidently markings or remains of seaweeds, 

but they are usually too indistinct for satisfactory classifica- 

tion. Some interesting specimens of the impressions of 

fucoids, closely resembling the /wcoides canda-galli of the 

Devonian rocks of New York, have been found in the calca- 

reous sandy shales the Lower coal-measures in Wapello 

county. They are probably of the same species as those 

described by Prof. Leo Lesquereux, from the coal-measures 

of Lawrence county, Pennsylvania, under the name of Cauler- 

pites marginatis. Markings of Lepidodendron and Calamites 

have been found in the coal itself of this formation, as well 

- as an abundance of the remains of woody fibre, that closely 

resembles pine wood charcoal. 

2. MIDDLE COAL-MEASURES. 

The passage of the strata of the Lower, into the Middle coal- 

measures is not marked by any well defined line of division, 

but considering the strata in the aggregate, they each possess 

characters sufficiently distinct to warrant their separation. 

The area occupied by this formation is smaller than that of 

either the Lower or Upper, and constitutes a narrow region 

between them. It has been carefully studied by Prof. St. 

John, whose report upon it will be found in the next 

chapter. . 

3. UPPER COAL-MEASURES. 

Area and General Vi cracters. The area occupied by the 

Upper coal-measure formation in Iowa is very great, com- 

prising thirteen whole counties in the southwestern part of 

the State, together with parts of seven or eight others adjoin- 

ing. It adjoins by its northern and eastern boundary the 
oh : 
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area occupied by the Middle coal-measures. That, boundary 
may be described approximately as follows: 

Draw a line from the northwest corner of Harrison county 

almost directly to the middle of the northern boundary of 

Madison county, thence to the northwest corner of Lucas 

county, thence to the middle of the northern boundary of 

Wayne county, thence to Centerville, and thence to the south 

boundary of the State, along the west side of the valley 

of Chariton river. 

The western and southern limits in lowa of the Upper 

coal-measures are the western and southern boundaries of the 

State, but the formation extends without interruption far into 

the States of Missouri, Nebraska, and Kansas. 

It has been previously shown that with the beginning of the 

Lower coal-measure epoéh, there was an abrupt change from 

the deposition of calcareous rocks to those of sandy and shaly 

composition, with comparatively little calcareous material; 

which material continued to be deposited throughout the whole 

epoch. Also, that although there was an accumulation of a 

somewhat increased amount of calcareous material in the 

Middle coal-measures, it is yet characterized principally by 

argillaceous and sandy shales. But when we come to the 

Upper coal-measures, we find the formation in Iowa to be as 

fully characterized by imestones as any of the formations of the 

Sub-carboniferous group are. Indeed, the St. Louis limestone 

whichin lowa immediately underlies the Lower coal-measures, 

and that of the Upper coal-measures are so similar in aspect 

and lithological characters that they have not unfrequently 

been confounded together. This mistake has not been made 

by the ignorant alone, but even geologists of acknowledged 

ability have regarded the two formations as one; or, at least, 

have mistaken the Upper 2, limestone for Sub- 

carboniferous limestone in spite of the well marked difference 

in the paleontological characters of each. The error of the 

former is doubtless due alone to the similarity of aspect and 

lithological characters; but that of the latter seems to have 

originated principally in the acknowledged similarity and 
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even identity of some of the fossils found in our Upper 

coal-measure strata with those of unquestioned Sub-carbon- 

iferous age in Europe. They knew that these fossils held a 

position there beneath the coal-bearing formation of Europe, 

but they did not know, which is the fact, that in our Iowa 

strata the same species of fossils hold a position above our 

coal-bearing strata. They had not demonstrated this to be 

the case as has been done by the writer since the present 

organization of the Geological Survey of lowa, by tracing 

the strata in the field consecutively from the lowest to the 

highest, and observing them as they dip beneath each other 

successively to the westward; but they erroneously assumed a 

position for our Upper coal-measure strata beneath our coal- 

bearing rocks because of a real or supposed identity of the 

fossils of the former with such as they had found beneath the 

coal-bearing strata in Europe. In consequence of this they 

were obliged to infer that the coal-bearing strata of lowa 

occupied a broad, shallow depression or basin, and that they 

thinned out in all directions from its centre, allowing the Sub- 

carboniferous strata that dip beneath them in central and 

eastern Iowa to come to the surface again in western Iowa 

and elsewhere along the valley of the Missouri river. 

The following diagram, Fig. 18, illustrates this fallacious 

view of the relations of the Sub-carboniferous strata with 

those of the coal-measures: 

Fig. 13. 
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A, represents the coal-bearing strata in the position they were erroneously 

supposed to occupy, thinning out both to the eastward and westward upon the 

Sub-carbouiferous strata, B., B., B. 

The facts are, that while the coal producing strata do thin 

out at the surface, upon the sub-carborfiferous rocks at the 

eastern border of the Iowa coal-field, they do noé so thin 
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out to the westward within the State of Iowa, but dip 

beneath the Upper coal-measure limestone to the southwest- 

ward, the sub-carboniferous limestone previously having 

passed beneath them, neither of which are to be seen again 

in that direction. Thus the sub-carboniferous rocks do not 

anywhere appear in the western part of the State, nor along 

that part of the Missouri river-valley which borders Iowa, but 

they are there hundreds of feet beneath the surface. It is the 

rocks of the Upper coal-measure age alone that appear at 

the surface there, if we except the Cretaceous strata farther up 

the river. 

The next diagram, Fig. 14, shows the true relation of the 

coal producing strata of Lowa to the two limestone formations 

which respectively underlie and overlie them. This is also 

still further illustrated both by the geological map-model, 

and the lithographed plate of sections accompanying this 

report. 

— .--4 

A, represents the Upper coal-measure limestone formation, which is almost 

destitute of coal; B, the Middle coal-measures with a few thin beds of coal; C, 

the Lower coal-measures which contains the most important coal-beds of Iowa; 

‘D, the St. Louis limestone, formerly but erroneously confounded with A; E, the 

‘Keokuk limestone; F, the Burlington limestcne, and G, the Kinderhook beds. 

Thus, instead of there being only one formation of Carbo- 

niferous limestone, as has been supposed, and that dipping 

beneath the coal-producing strata at the eastern border of the 

coal-field of Iowa, and rising again from beneath them in the 

western part of the State, the truth is, there are two separate 

limestone formations, each possessing similar lithological, 

but very different paleontological, characters; the one over- 

lying, and the other underlying the coal-producing strata. 

The subject of the relative age of these formations will be 
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referred to further on in this chapter, under the head of 

Fossils. 

The question is one not only of great scientific interest, but 

one also of the greatest practical importance to the people of 

the State. If the views formerly entertained by some geolo- 

gists and others are correct, there is no hope of finding 

profitable beds of coal in the western part of Iowa, at any 

depth; but as the relative positions of the formations are 

now understood, it is reasonable to expect that we may reach 

profitable beds of coal by sinking shafts there at considerable 

but not impracticable depths. The question is further dis- 

cussed under the head of Practical Conclusions at the close of 

this chapter. : 

The prominent lithological feature of this formation 

as before intimated is its limestones, yet it nevertheless 

contains a considerable proportion of shales and sandstone. 

The latter is usually fine grained and shaly, and the shaies 

are often somewhat sandy, mica in minute quantity being 

usually present in the sand. The shales are largely com- 

posed of clayey material, but are also always more or less 

calcareous, so much so, sometimes, that they show little trace 

of stratification, become somewhat concretionary, and may 

with propriety be called marls; or, when more indurated, as 

they often are, the term marlite has been sometimes used to 

- designate them. These marlites, which are usually partings 

between layers of limestone, but often form beds of consid- 

erable thickness, are sometimes very fossiliferous. 

The accompanying lithograph, represents a section of Upper 

eoal-measure strata in the order in which they are found 

exposed in the valley side of Middle river at Winterset, in 

Madison county. The exposures here are so extensive that 

the strata comprise the greater part of the vertical thickness 

of the whole Upper coal-measure formation in Iowa, so far 

as any opportunity has existed for measuring them, and 

yet the locality is only about ten miles from the border of the 

area occupied by the formation. 

This section may be considered a typical one then, for 
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the whole formation,in our State, particularly as the litholog- 

logical characters here described, are the prevailing ones 

throughout its whole extent. 

DESCRIPTION OF THE SECTION AT WINTERSET. 

16. Thin bedded, yellowish-gray limestone ..................... 1 foot. 

15.’ Fossiliteroug, marly clayince een eee ee ee cee eee 4 feet. 

14). Massive lie t ora Wnimestomen trees seciciieet ete ene eee ee 6 feet. 

13. Compact, regularly bedded limestone with marly partings... 12 feet. 

12.. Black, fissile. carbonaceousishale cen se. cme ne Naar 2 feet. 

11. Compact, regularly bedded limestone, with marly partings... 34 feet. 

10. “Black, fissilecarbonaceousishales se: sass ne) wee fae ee 216 feet. 

9. Grayish limestones, often silicious and impure.............. 15 feet. 

8) Compact, heavy bedded limestones)... tts. snare eee eee 2 feet. 
7%. Grayish limestones, often cherty, and sometimes finely arena- 

CEOUGL isin wiee cues le 8 jav'sreuadlbate amare tet ete eyee eee Saree aa etey 161 feet. 

G. dim pure scoaliy Gay vet. ernie. crest nee eee eee rE ae Vf foot. 

».. -ieht (bluish; marnlyaclay 0... coalesce Cee remeron 2 feet. 

4, Light bluish, concretionary and fragmentary limestone...... 5 feet. 

a: Blush and, reddishi clays 2). wiwcaties: sicher erottes aattieeie a aeeene 6 feet. 

2. Fine grained shaly sandstone and sandy shales.............. i feet 

i Bloish, shaly.cumpune limestone seit. elect eens 11 feet. 

Total. see. Gicis Se eke Pees ek See Ruaea ies 8 cles alee oemetcrereerens 181 feet. 

No. 1, of this section, belongs to the Middle coal-measures ; all the remainder, 

to the Upper coal-measures. The locality thus receives additional interest by 

exhibitiug the junction between the two formations. Deducting No. 1, we have 

remaining nearly one hundred and eighty feet in vertical thickness of Upper 

coal-measure strata, and yet this locality, as before remarked, is only ten miles 

distant from the thinned-out edge of the formation. 

Other sections, illustraing exposures of strata of this forma- 

tion, will be found among the descriptions of the geology of 

various regions and counties in Part III; the Winterset 

section being selected for insertion here as typical of the 

general characters of the formation. 

As shown in the preceding section, there are throughout the 

whole formation occasional layers of decidedly carbonaceous 

material, which, although very much too impure for fuel, is 

nevertheless to a certain extent combustible. One of these 

carbonaceous horizons, and only one, so far as known, 
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assumes the character of true coal. It is of very fair 

quality, but reaches only about twenty inches in maximum 

thickness, and thus far it has been found exposed only in the 

valley of the Nodaway river within the counties of Adams, 

Montgomery, Taylor, and Page, and at one point in Fremont 

county at the borders of the Missouri river valley. In the 

four first named counties cval for domestic and manufacturing 

use, has been taken from this bed, although it is so thin. In 

Fremont county it is too thin and impure for any practical 

use. 

Economic Value. The material furnished by this forma- 

tion of value for economic purposes is confined principally 

to its limestone. Wherever this stone is exposed it furnishes 

good material for common masonry and also for lime. In 

many places, excellent blocks also may be quarried for 

dressing into caps and sills and other desired parts of the 

better class of buildings. 

The prevailing color of the limestone is light gray, with 

usually a tinge of blue. In Madison and Fremont counties, 

the best layers are found for the purpose of dressing, and will 

be mentioned in the descriptions of the geology of those 

counties. The sandstones of this formation, so far as yet 

observed, are usually shaly, and alway quite worthless. The 

shaly and clayey beds have yielded to glacial action and 

furnished material for the drift clays, and a part also of 

the soil. No beds of clay, sufficiently pure for good pottery, 

has been found in the whole formation, although it is so 

abundant in some parts of the Lower coal-measures. Conse- 

quently, potter’s clay is scarce throughout the whole region 

occupied by the Upper coal-measures in Iowa. 

Although this formation is known by the name of Upper 

coal-measures, it has been shown that it contains but a 

single bed of true coal, and that very thin. 

Fossils. The fossils of this formation are much more 

numerous than they are in either the Middle or Lower coal- 

measures, which is doubtless due largely to the fact that the 

conditions of their living existence were more favorable 
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during the deposition of the calcareous material of this 

formation, than during the deposition of the sandy and 

shaly material of the two which preceded it. Very many 

of the species common in and characteristic of this forma- 

tion, range without interruption through the whole series of 

strata that constitute the Lower, Middle, and Upper coal- 

measures. A few species, it is true, seem to be confined, 

respectively, to each one of these three formations, or are 

otherwise restricted in their vertical range so far at least as 

lowa is concerned. Thus Chonetes mesoloba seems to be con- 

fined to the Middle and Lower, while Spirifer opimus has 

not been recognized above the Lower, etc., etc. Some of the 

species of the Upper coal-measures are confined to that 

formation alone, but seem to appear in any part of it that 

presents similar lithological characters, evidently indicating 

that the material they are imbedded in, formed a congenial 
habitat for them while living.* 

VERTEBRATES are, So far.as ascertained, represented by the 

remains of fishes alone, which belong to both orders, Sela- 

chians and Ganoids; the former being most common, 

although rather rare. The Ganoids have not yet been studied; 

the following Selachian genera have been recognized: 

Cladodus, Diplodus, Petalodus, Chomatodus, Peripristis, 

Petrodus, Helodus, Pswammodus, and Deltodus. 

ARTICULATES. Two species of trilobites, belonging to the 

genus Phillipsia are found, but they are not common. The 

Ostracoid genera Cytherina and Beyrichia are not unfre- 

quently met with. Of the latter there are two species, one of 

*It was with surprise and great regret that in the latter part of the year 1867, I 

received a copy of a work by Dr. H. B. Geinitz, of Dresden, Saxony, entitled, ‘‘ Car- 

bon formation and Dyas in Nebraska,’’ and learned from it that that able palzeontolo- 

gist had referred certain fossils described in it which were collected by Prof. Jules 

Marcou from the rocks of Hastern Nebraska, to the Dyas (Permian) and others from 

other localities but in the same region partly in Iowa, to the Kohlenkalk (Sub-car- 

boniferous limestone). I have elsewhere in this report, shown in the plainest manner 

that no Sub-carboniferous limestone can exist along the valley nor in the vicinity of 

that part of the Missouri river which divides Iowa and Nebraska. Whether the strata 

which do exist in Western Iowa and Eastern Nebraska are of Permian or Upper coal- 

measure age, may, ina manner, be regarded aS a mere question of terms. If any 

Permian strata exist there, then indeed are all our Iowa strata of Permian age down 

bie ip 5 
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which, B. Americana, is often abundant and it has also been 

found in the upper part of the Middle coal-measures. 

Moxuusks. This sub-kingdom is represented by the 

classes Cephalopoda, Gasteropoda, Lamellibranchiata, Bra- 

chiopoda, and Polyzoa. Cephalopods are more numerous in 

genera, species, and individuals, than in any other Iowa 

formation of later-age than the Devonian. Gasteropods and 

Polyzoans are numerous in species and individual specimens, 

but Brachiopods and Lamellibranchiates are the most 

characteristic forms. 

Notwithstanding the fact that the families Orthide, 

Productide, and Spiriferide are approaching the close of 

their range in geologic time in this formation, they are fully 

represented here, and their species are among the most 

characteristic of its fossils. Of the first named family, we 

find the genera Orthis, Meckella, Hemipronites, and Syntri- 

elasma. Of Productide—Productus and Chonetes are well 

represented by several species and numerous individuals, and 

Aulosteges also by a single small species. The family Spz77- 

feride is represented by the genera Spirifer, Martinia, 

Athyris, and Retzia. 

RADIATES are much more numerous than in the Lower 

and Middle coal-measures. Among these are two or three 

species belonging to the order Hchinoids, and four or five 

species belonging to the family Cyathocrinide. Of corals 

the genera Campophyllum, Azxophyllum, Zaphrentis, and 

Syringopora are not unfrequently met with. 

to and inclu’ ing a large part of the coal-bearing strata, which we denominate Lower 

coal-measures, I have visited in person all the Nebraska and Iowa localities from 

which Prof. Marcou collected the fossils described by Dr. Geinitz, and from all of them 

I have collected our common species of coal-measure fossils, some of which are com- 

mon inthe Lower coal-measures also, even down among our heaviest beds of coal. 

The Brachiopods from those Nebraska localities are mainly our characteristic coal- 

measure species, while a majority of the species of Lamellibranchiates, upon which 

Dr. Geinitz and Prof. Marcou seem most to rely to prove the Permian age of those 

strata, I have found far down in the series of Upper coal-measure strata of Iowa. 

Some of them I have found even in the middle coal-measures. It is worthy of remark, 

that these last named fossils especially, almost always occur in layers havinga similar 

lithological character, the material of which, doubtless, formed a more congenial 

habitat for them while living, than that which produced the other strata, 
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‘Prorozoans are represented in the greatest abundance by 

Fusulina cylindrica, some layers of limestone being almost 

entirely composed of their small fusiform shells. Another 

form, probably Protozoan, and belonging to the genus 

Anphistegina has also been found in these strata; but the 

details of its structure have not yet been fully made out. 

4, GENERAL OBSERVATIONS UPON THE CARBONIFER- 

OUS ROCKS OF IOWA. 

It will be seen from the preceding descriptions of the 

formations which compose the two groups of the Carbon- 

iferous System in Iowa, that the aggregate thickness of the 

four formations of the Sub-carboniferous group is not far 

from five hundred and fifty feet. The thickness of the three 

formations of the Coal-measure group is by estimate and 

actual measurement about six hundred feet, not allowing in 

either case for thickening of the strata to the southwestward, 

which, doubtless, takes place to some extent at least. Accor- 

dingly, the entire thickness of the Carboniferous strata in 

Iowa is put down at about eleven hundred and fifty feet. 

With the exception of rare, and usually unsatisfactory 

results of artesian borings, itis of course only by measure- 

ments made upon the outcrops of any formation that we are 

able to ascertain its thickness. Weare consequently not able 

to say with precision where and how much a formation may 

thicken, or where it may thin out after it has passed from 

sight and reach beneath other formations. It is also often 

difficult to ascertain whether or not a certain formation 

increases or decreases in thickness in any given direction, 

especially if it has a dip so slight that it corresponds nearly 

with the general drainage-slope of the region it occupies, as 

for example the Upper coal-measures of a large part of 

southwestern Iowa do. As arule, however, it may be inferred 

that the thickening, if any occurs, will be found to increase 

in the direction of the centre from the border of the area 

occupied by the formation, or in any direction within it at 

right angles with its border. 
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In the preceding pages, a general southwesterly dip of the 

strata of the State has been often referred to; by which it is 

meant that all the formations are seen to disappear beneath 

each other aS one goes in any direction, between west and 

south, from the eastern part of the State. This will be more 

clearly understood by referring to the geological map-model 

in the first part of this volume. The true line of general dip 

is usually assumed to be at right angles with the trend or 

border of the formation, but this is at best only approxi- 

mately correct. In the case of the Iowa strata, the true line 

of general dip is much more nearly to the southward than is 

indicated, by the trend of the borders of the respective forma- 

tions, as represented upon the geological map and the 

map-model. This arises from the fact that the southward 

slope of the surface of the State is in the same direction that 

the dip of the strata is there, while the eastward slope of the 

surface of the State is in a contrary direction from the dip of 

the same; namely, to the westward, as well as southward. 

All the formations thus far described, except the last, pass 

beneath each other to the southward by an actual dip, which 

is greater than the southerly slope of the surface, while to the 

westward their disappearance is partly due to an actual dip 

in that direction it is true, but also largely due to their 

passing beneath others that occupy levels which are in some 

cases successively almost as much higher than the preceding 

one, as the amount of its vertical thickness. _ 

Thus the westerly dip of the strata is more apparent than 

real, or at least it is actually less than it appears to be, if 

we lose sight of the fact that there is a westerly rise of the 

surface from the Mississippi river to the Great Watershed. 

A profile of the Burlington and Missouri river railroad, 

kindly furnished by its Chief Engineer, Mr. H. Thielsen, 

shows that Highland station, the highest point between the 

two great rivers, is nearly eight hundred feet above low 

water in the Mississippi river at Burlington, and nearly 

four hundred feet above low water in the Missouri river at 

Plattsmouth. This high point is in Union county and upon 
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the Upper coal-measure formation with probably only the 

drift intervening. Allowing for the deep deposit of drift 

which evidently exists at Highland and in its vicinity, we 

may assume that the strata of the Upper coal-measures 

there reach an altitude of something more than six hundred 

feet above low water at Burlington. Now the estimated and 

measured thickness of all the formations which successively 

occupy the surface between Burlington and Highland is 

not much above one thousand feet; consequently, if the dip 

of those strata were uniform and direct to the westward, the 

Burlington limestone would appear in the valley of Skunk 

river at Chicaqua, and the Keokuk limestone in the valley 

of the Des Moines at Ottumwa, whereas the St. Louis lime- 

stone alone is found at both those places. This, as well 

as other observations, plainly shows that the westerly dip 

of the formations is not direct and uniform. 

Although the Kinderhook beds and Burlington limestone 

have an exposed thickness in Des Moines county of nearly 

two hundred and fifty feet, the westerly dip is so great in 

that part of the State that these formations are seen no more 

west of the western boundary of that county. Continuing 

westward we find the St. Louis limestone alone exposed in 

the valleys which we cross, for a distance of more than sixty 

miles, showing that within that distance the strata have 

lost all, or nearly all, their westerly dip. We have still 

further evidence that a slight easterly dip of the same 

formations occurs westward from the Des Moines river on the 

line of the Burlington and Missouri river railroad, besides 

minor folds or undulations at intervals between Burlington 

and Highland. These are partially shown in the sheet of 

sections across the State, which accompanies this report. 

These folds are slight, it is true, but they are, nevertheless, 

real. One of them has been before noticed as having brought 

up the Keokuk limestone at Bentonsport, on the Des Moines 

river where it has carried up with and above it, the St. Louis 

limestone and Lower coal-measure strata. Another broad 

one has brought up the St. Louis limestone, so that 1t appears 



CARBONIFEROUS SYSTEM. 253 

at considerable height above the Des Moines river in its 

valley sides, in Marion, Mahaska, and Wapello counties, 

as may be seen illustrated in the sheet of sections just referred 

to. Indications of another slight fold have been observed, 

passing down through Warren, Clarke, and Decatur counties, 

and sill another is known to have nearly the same course as 

the East Nishnabotany river, or in other words, that stream 

occupies a very slight anticlinal ridge throughout the greater 
part of its course. 

These folds have a general northerly and southerly direction 

but they do not all seem to be entirely parallel with each other. 

Some of them are so slight that their existence is likely to 

be overlooked, without a series of extended observations in 

connection with railroad levelings, particularly those in the 

western part of the State. It is proper to remark, however, 

that Prof. St. John and myself arrived at the same conclu- 

sions in regard to these folds while working separately and 

without each knowing the other’s views. As will be seen by 

the section from McGregor to the mouth of Broken Kettle 
creek across the northern part of the State, the strata there 

also vary very much in the angle of their dip in different 

parts of the line, as they do in the southern part of the State 
along the line of the Burlington and Missouri River Railroad. 

It will be seen by both these sections, that the strata of the 
central portions of the State are elevated as a broad fold 

passing through it from north to south. In the northern part, 
this fold keeps the Kinderhook beds at the surface, along the 
line mentioned for a distance of about eighty miles, although 

the formation is there probably less than one hundred feet in 

thickness. In the southern part, the same broad fold keeps 
the Upper coal-measures at the surface on an east and west 
line for a distance of more than a hundred miles ; while the 

strata of Lower Silurian age in northeastern Iowa, and of 

lower Sub-carboniferous age in southeastern Iowa, dip so 
rapidly as to be soon lost to view in a westerly direction. 

Westward from the East Nishnabotany river, the strata of 

the Upper coal-measures seem to have a slight north- 
westerly dip. 
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These various folds in the strata of Iowa, thus far mentioned 

and referred to, all evidently took place subsequent to the 

deposition of the latest strata of Carboniferous age, and 

before any of those of Cretaceous age were deposited; 

probably at the close of paleeozoic time. This is inferred 

from the fact that all our paleeozoic strata appear to have 

partaken of those disturbances, but the Cretaceous (mesozoic) 
strata do not.* 

The broad fold or elevation of the strata which passes 

down through the center of the State from north to south, 

becomes so flattened in southern and southwestern Iowa that 

in the latter region, especially the Upper coal-measure strata, 

occupy the whole surface, and over nearly the whole region 

that it occupies, its southerly dip is almost exactly coincident 

with the southerly slope of the streams. This fact will be 

definitely referred to in the following remarks. 

A. section of the rocks exposed in the valley of Middle 

river, near Winterset, in. Madison county, is given on a 

previous page in connection with the description of the Upper 

coal-measure formation, to which the reader is again refeired. 

Although this locality is only about a dozen miles from the 

extreme border of its outcrop, the section is the most complete 

one of this formation to be found exposed at any one 

locality in the State, and is believed to comprise in a few of 

its upper members the highest beds of the Upper coal- 

measures to be found within its limits. Therefore, that 

section is frequently referred to as a typical one for the 

formation. | 

Itis almost necessary to infer the gradual thickening of all 

the coal-measure strata to the southwestward, to some extent 

at least, and we have the evidence that although a few of the 

upper members of the Winterset section disappear, the lower 

members of the same do thicken in that direction, so that the 

* The strata of Cretaceous age in Western Iowa, although they seem to occupy a 

perfect level are found by railroad levelings and other data to have also been slightly 

inclined since their deposition. Their unconformability, however, upon the palzozoic 

strata is unmistakable. 
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formation, instead of being diminished in aggregate thickness 

further southwestward, by the absence there of a few of the 

upper strata found near Winterset, is doubtless thicker in the 

southwestern part of the State than it 1s near that last named 

town. Besides the exposures near the town where this 

section was measured, Madison county also contains many 

other fine exposures of Upper coal-measure rocks, principally 

along the valley of Middle river, but so rapidly do the six or 

seven upper members represented in that section disappear, 

(by thinning out, or by having been eroded), in all directions 

from the centre of the county that they have not been recog- 

nized outside its boundaries, except in a limited region a few 

miles from its southeastern corner. This disappearance of 

the upper members of the section is of course most rapid to 

the eastward and northward, because the drainage, as well 

as the extreme borders of the formation are in those direc- 

tions, the dip of the strata being in opposite directions. 

Going westward from Madison county, the first exposures 

to be seen are west of the Great Watershed, in the valley of 

the East Nishnabotany, near Lewis, in Cass county, the deep 

drift deposit of the intervening space having covered all 

strata from view. The last named exposures are referred to 

about the horizon of Nos. 6 to 9, inclusive, of the Winterset 

section. So deep are the Bluff and Drift Deposits in south- 

western lowa, that the only other exposures found in a 

westerly direction from Madison county are: 1, in the valley 

of the West Nishnabotany, in the southern part of Pottawat- 

tamie county; 2, three miles east of Council Bluffs, in the 

valley of Mosquito creek: 3, six miles north of that city, at 

the base of the Missouri river bluffs; 4, in the valley of Boyer 

river, a few miles from Magnolia, in Harrison county. The 

horizon of all these exposures is not far from the same as 

that to which those near Lewis, in Cass county, belong. The 

third and fourth, however, are probably a little higher in the 

series, as would also be suggested by the slight west-north- 
westerly dip which the strata there are known to have. 

To the southward and southwestward, the exposures are 
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more numerous, but still not abundant; because in addition 

to the deep surface deposits, the southerly dip of the strata 

there coincides so nearly with the southward drainage-slope. 

Going about nine miles southward from a point in the valley 

of Middle river, near Winterset, the whole series of beds seen 

at the last named point, except No. 1, are also found rep- 

resented in the valley of Clanton’s fork of Middle river. 

Proceeding still further southward, the next exposure we 

find is on the other side of the Great Watershed, in the 

valley of Grand river, and about twenty-five miles from 

Winterset. The strata found exposed here are referred to 

about the horizon of Nos. 6 Jo the base of 11 inclusive, of 

the Winterset section ;* the higher beds of that section 

being absent here. 

Following down the river, which has a general course 

considerably east of south, we find that its slope is a little 

greater than the general dip of the strata in that direction, in 

consequence of which it makes its exit from the State with its 

channel cutting the representative of No. 2 of the Winterset 

section near its base; or, in other words, nearly upon the 

upper strata of the Middle coal-measures. If the stream had 

a general course as much to the westward of south as it 

has to the eastward of that direction, the slope of the stream 

and dip of the strata would, no doubt, coincide with each 

other more nearly than they are now seen to do, because that 

is the direction of the general dip of the formation. As it is, 

the course of the stream is obliquely in an opposite direction 

from the westerly dip, which, in this instance, seems to be 

slightly increased by being upon the western side of one of 

the slight northerly and southerly folds or anticlinal axes, 

before mentioned. In all that space, between Grand river and 

the East Nishnabotany, there seems to be almost no westerly 

dip at all, while the southerly dip, as before stated, is almost 

* Among the fossils found in the strata at this locality, are a large proportion of the 

same species which are figured and relied upon by Dr. Geinitz to prove the Permian. 

(Mvasic) age of the strata at Nebraska city and elsewhere in Nebraska. 
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exactly coincident with the slope of the streams. There may 

be northerly and southerly folds passing through this space 

beneath the heavy deposit of drift, but they are very slight if 

they exist at all. 

Thus we have the phenomena of a very considerable west- 

erly dip of the Sub-carboniferous rocks of southeastern Iowa, 

which dip has been gradually lessened by the greater 

elevation of all the formations together in the central portions 

of the State than they have at its borders, until we find a 

part of the upper super-imposed formations having almost 

no westerly dip at all, in the region of its greatest elevation. 

The coincidence of the southerly dip of the strata with 

the slope of the stream is distinctly shown in the valley 

of the Nodaway river. Here the thin bed of coal, before 

referred to as the only one yet Known to exist in the Upper 

coal-measure formation, forms an easily recognized horizon, 

and may be readily traced by its exposures at frequent 

intervals from a point three miles above Quincy, in Adams 

county, to the southern boundary of the State, a distance 

of forty miles. In all this distance wherever the bed of coal 

has been found, it occupies about the same elevation, 

amounting to only a few feet above the water of the stream. 

This coal and its associated beds are referred to about the 

horizon of Nos. 6 to 10 inclusive, of the Winterset section. 

Passing now to the northwest corner of Fremont county we 

identify, without hesitation, the same bed of coal there, 

together with its associated strata in the blufis of the 

Missouri river. This point is fifty-four miles from the one 

first named in Adams county, and forty-five miles from the 

one in the valley of Nodaway river near the State boundary. 

By drawing lines on the map conmecting these three points, we 

enclose a large triangular space, which may be taken to 

indicate the position of an imaginary triangular plane 

formed by the strata of this part of the State, having its sides 

respectively forty-five, fifty-four, and forty miles in length. 

Although the assumed boundaries of this plane are imagin- 

nary, mS know that the position of the strata in such a plain 
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isreal. A plane so large as this being determined by actual 

observation, lines produced from it in all directions will of 

themselves give a good general idea of the position of strata 

of the Upper coal-measures of southwestern Iowa, until they 

reach points at which we know other dips take place, even if 

the opportunity of actual observation of the strata at the 

surface cannot be obtained. Fortunately, such opportunities 

are not wanting and their results confirm these deductions. 

5. PRACTICAL CONCLUSIONS. 

Usually it is of little practical importance what becomes of 

a formation after it has passed beneath the surface, because 

the labor of obtaining at any considerable depth in the earth 

the more common materials it may furnish is too great to 

render such labors profitable. Coal, however, is so valuable, 

indeed, so indispensible, that men are not content with 

seeking it among the coal-bearing strata where they occupy 

the surface alone, but they ‘also pursue it into the earth as far 

as it is practicable to go, seeking it far beneath surfaces upon 

which it does not appear, and where its existence would never 

have been suspected, except for the knowledge geology gives 

of the extensions of formations beneath each other. 

By reference to the geological map-model in the first part 

of this volume, it will be seen that the sheet which represents 

the coal-bearing formations passes beneath others. That 

sheet upon which is printed the portion representing the 

southwestern part of the State, represents also the Upper 

or unproductive* coal-measures which rest upon and cover 

up a large part of the two lower, or productive coal forma- 

tions. When the latter come to the surface, as they do in all 

that part of the State represented by the uncovered part of 

the sheet which itself represents the formations in question, 

the search for coal may be prosecuted with reasonable hope 

*This formation really contains one thin bed of coal as previously explained, but it 

isso unimportant that the formation is often referred to as “‘ barren, or unproductive,” 

which it really is, as compared with the great productiveness of the Lower coal- 

measures, 
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of success, at moderate depth beneath the surface, or by 

drifting into the sides of the valleys. Beyond the region 

represented by that sheet, to the northward and eastward, 

the search for coal will not only be extremely hazardous, but 

there is in all that part of the State no hope of finding it at 

all, except in probably insignificant quantities from small 

outliers, or at no great distance from the unbroken border of 

the coal-field, as represented in the map-model, and also 

upon the geological map. ‘To the southward and westward 

of the area which the uncovered part of the sheet represents 

in the map-model, however, the case is very different ; 

because in those directions the coal-producing strata pass 

entirely beneath the unproductive ones, and do not disap- 

pear by thinning out as they do in the opposite directions. 

If the coal producing formations extend nearly two hundred 

miles in a northwesterly and southeasterly direction, and more 

than fifty miles in an easterly and westerly direction, as we 

know they really do in the region where they occupy the 

surface, it is reasonable to infer that they may extend at least 

as far in a westerly and southwesterly direction beneath the 

other formations with just as little change. In other words, 

it is reasonable to infer, that beds of coal exist beneath the 

surface of the southwestern part of the State, similar to those 

now known and worked near the surface in the vicinity of the 

valley of the Des Moines river. Of course this implies their 

continuous extension beneath the surface of the whole area 

comprised between the Des Moines and Missouri rivers, and 

between the parallel of Fort Dodge and the southern boun- 

dary of the State; and at a gradually increasing depth, at 

least in a southwesterly direction. 

This view of the relative position of the strata being 

accepted, the question of the greatest importance is, how far 

beneath the surface, at any given point, do the beds of coal 

probably lie, if they exist at all, and is the depth an imprac- 

ticable one for mining operations? The conclusions arrived 

at from an examination of the subject thus far, may be 

summed up as follows: It may be regarded as certain that 
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the Lower and Middle coal-measures, which together contain 

nearly all the coal, extend beneath the unproductive coal- 

measures to the western and southwestern parts of the State; 

and it is reasonable to infer that they contain their coal beds 

there as well as where those formations occupy the surface. 

It is possible that the Lower coal-measure strata occupy a 
position nearer the surface in that portion of the State which 

lies westward from Webster county, than they do farther to 

the southward of that region; but since all the coal-measure 

formations of the State thin out to the northward as well as 

to the eastward, we should expect greater uncertainty of 

finding coal there than we should in Pottawattamie county; 

for example, because the chances of finding a good bed of 

coal are necessarily small near the thinned margin of the 

formation or border of the field. 

After allowing for a very material thickening of the Upper 

or barren coal-measures which probably occurs, in addition 

to the already ascertained thickness of that formation along 

its outcrop, there is good reason to believe that it does not 

amount to enough to cover the productive coal-measures to a 

depth at which it would be impractible to mine coal. From 

examinations thus far made, it is estimated that a shaft of 

one thousand feet in depth will pass through all the coal- 

measure strata, productive and unproductive, at any point 

from the base of the Drift Deposit within the State of Iowa. 

Therefore, there is reasonable hope that a shaft sunk for 

coal at any point in Southwestern Iowa, will be attended with 

success before reaching a depth so great as that at which coal 

is profitably mined in other countries. If southwestern lowa 

were densely populated, capital abundant, and labor cheap, 

as they are in older countries, capitalists knowing the relative 

positions of the formations as before explained, would not 

hesitate to incur the expense, great though it might be, of 

sinking shafts of sufficient depth to prove the correctness or 

fallacy of these inferences legitimately drawn from the results 

of these investigations. 

Considering the present sparseness of population and 
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consequent limited demand for coal in that part of the State, 

compared with what it is capable of sustaining, and will 

some day possess, the high rate of interest and great 

demand for capital which now prevails, will doubtless 

cause some years to elapse before such enterprises will be 

undertaken in the immediate vicinity of the Missouri river, 

at least, with such vigor as to insure a thorough trial. Pru- 

dent men will also hesitate to commence the first of such 

enterprises in the vicinity named, both because of the 

certainty that the coal, if it exists there at all, lies at a - 

greater depth than it does farther to the eastward; and 

because more or less distrust will naturally be felt as to 

the actual continuation of the beds of coal beneath the 

surface so far from their outcrop in the more central portions 

of the State, even although no doubt may be entertained that 

the formation itself extends so far. 

The best and least hazardous plan upon which to proceed 

in these experimental enterprises, would no doubt be to com- 

mence them only a short distance westward from those 

points where guod beds of coal are already known. If such 

trials prove successful, so much experience will have been 

gained for other similar trials still farther westward. Thus, 

for example, let shafts be sunk in the valley of Chariton 

river in Appanoose county, with the view of proving whether 

those beds of coal now known to exist at and near the surface 

in Davis county, and the parts adjoining, extend beneath 

that valley, and consequently beneath the bed already 

worked near Centreville. If successful in this, go next to 

the valleys of Medicine and Grand rivers in Wayne and 

Decatur counties. Commence in the valleys rather than upon 

the uplands, because a depth of digging will thus be saved 

equal to the depth of the valley below the general level of 

the uplands. : 

Again, along the lower courses of North, Middle, South, 

and White Breast rivers, the heavy beds of coal of the Lower 

coal-measures are known to exist. As one passes up the 

valleys of these streams, he comes upon higher and higher 



262 GENERAL GEOLOGY. 

strata; and in Lucas, Warren, and Madison counties, he finds 

himself among the strata that bear the thin and usually 
uprofitable beds of coal of the Middle coal-measures. Let 

shafts be first sunk where only these last named beds of coal 

are found, for it is certain that if the heavier beds of coal which 

we have seen near the surface farther eastward exist here at 

all, they cannot lie at any great depth beneath the bottoms of 

the valleys there. If successful in these trials, go farther up the 

valleys, and if again successful, cross over the Great Water- 

shed to the valleys of the western drainage, and finally to the 

valley of the Missouri river itself. If the plan here suggested 

should be acted upon, it will be of the utmost importance that 

the most accurate and careful record should be preserved of 

the thickness and character of the different strata passed 

through before the coal was reached. By means of only a 

few such data, with the character and thickness of each 

stratum accurately known, a competent engineer would be 

able to determine, with a good degree of accuracy, the depth 

at which the same bed of coal might be reached at other 

points, at least in the same vicinity. 

Let the fact be demonstrated that the beds of coal of profit- 

able thickness do actually extend beneath the surface to the 

westward, as they are here assumed to do, careful records 

being Kept of all the strata passed through in digging, and 

coal-mining in western and southwestern lowa will, within a 

few years afterward, be reduced to a system as reliable in its 

results as that adopted in our eastern or in European mines. 

In this connection, it is of the greatest importance that the 

fullest possible information should be had concerning the 

identity of the coal-beds over wide areas, that we may note 

the changes which take place in their thickness, quality, etc. 

This can only be done with any degree of certainty, by long- 

continued observation and patient labor, which is now 

prevented by the discontinuance of the Survey. Enough, 

however, has already been learned to show that although the 

coal-beds may be identified at great distances in some cases, 

they all lack, to a greater or less extent, a uniformity of 
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thickness. This want of uniformity consists first, of what 

may be termed an undulatory thickening and thinning of the 

beds; and secondly, of a more general and gradual diminu- 

tion and increase of thickness, at points more or less distant 

from each other. In the first place a bed may, if not very 

thick, so thin out within a few rods, as to be unprofitable for 

working, or it may unexpectedly increase a foot or two in 

thickness, forming local basins, or what the miners term 

‘‘ pockets.” This is particularly the case with many of the 

mines east of the Des Moines river. 

In the other case, we find that where there are more than 

one bed in the series, one of them may be more important at 

one locality, and another more important at another locality. 

It is of course not impossible that the thin place of each bed 

may come at the same locality, and the thinning may possibly 

even amount to an entire obliteration of the coal-bed. This 

hazard must of course be encountered in sinking shafts for 

coal in southwestern Iowa, as well as everywhere else. 
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CARBONIFEROUS SYSTEM.—(Conctupep.) 

MIDDLE COAL-MEASURES. 

1. GENERAL SURFACE FEATURES. 

The present chapter embodies the results of a rather 

detailed reconnoisance of the counties occupied by the Middle 

coal measures, made during the seasons of 1867 and 1869. 

At the commencement of the work, the field was almost 

wholly new, and we had barely the slightest knowledge of 

this member of the coal-measure series. However, Prof. 

Swallow, in his explorations in Missouri, had previously 

recognized its existence in that State, and it was but reasona- 

ble to expect to find the same formation within our own 

limits. It is proper, and it gives me especial pleasure to 

state that, during the progress of the field-work in this region, 

I enjoyed every facility it was in the power of the Director of 

the Geological Survey to afford me, and without which little 

could have been accomplished in the short time necessarily 

devoted to the work. As itis, we cannot presume to present 

‘the subject in a complete shape, since future explorations, 

may, and doubtless will, add many important details, 

although it is believed that, in the main, we have gained a 

tolerably accurate knowledge of this member. 

Geographical Extent. Withinthe State of Iowa the Middle 

coal formation occupies a narrow belt of territory in the 

264 
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southern-central portion of the State, extending from the 

southern boundary in a northwesterly direction, to the west 

of and nearly parallel with the Des Moines river, into the 

southwestern portion of Polk county, thence westward into 

Guthrie county, embracing a superficial area about fourteen 

hundred square miles. 

The eastern border of the formation presents an irregular 

zigzag outline from the Missouri boundary to a point a few 

miles northwest of the city of Des Moines, and then trends 

nearly due west, passing through the central portions of 

Dallas and Guthrie counties. The irregularity in the border 

outcrops of the formation, may be, in part, attributed to the 

undulations of its strata, and perhaps to a greater extent, to 

the erosion it has undergone in the process of the streams 

deepening their valleys. The line of demarkation between 

this formation and the succeeding Upper coal formation has a 

corresponding irregular outline, which is also traced into 

Guthrie county, in the western part of which the Middle 

coal-measures are lost to view beneath the extensive accumu- 

lations of drift and bluff materials in the great watershed 

divide in that region. To the north and east the Lower 

coal-measures define the marginal limits of this formation. 

The counties which are in greater or less part immediately 

underlaid by the Middle coal-measures include the following: 

Guthrie, Dallas, Polk, Madison, Warren, Clarke, Lucas, 

Monroe, Wayne, and Appanoose, and perhaps a narrow 

strip along the western border of Marion county. However, 

in Clarke and Monroe counties, no exposures of unequivocal 

Middle coal strata have been observed, although the general 

trend of the border outcrop passes across the northeastern 

corner of the former and the southwestern portion of the 

latter county. In the counties of Guthrie, Dallas, Warren, 

and Lucas the formation is well developed, where it has 

afforded an unusually interesting field for investigation. 

Surface Configuration. The surface features observed in 

the region of the Middle coal-measures, might not at first 

alisach, fhe attention of the casual observer as offering any 
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marked difference from the country of the Lower coal- 

measure on the one hand, and what is seen in the region of: 

the Upper coal formation on the other. But the section 

occupied by this formation. certainly possesses its own topo- 

graphical peculiarities, which, when once a certain degree of 

familiarity with this as well as with the other two formations 

of the coal-measures is gained, thereby rendering practicable 

a comparative study of these features, afford as satisfactory 

and reliable landmarks in detecting the presence and in 

tracing the limits of this formation, as are found associated 
with any similar set of strata. 

It is not unusual to find along the outcropping border of 

the Upper coal-measures a belt of rolling land, which 

gradually merges into the more gentle undulations charac- 

teristic of the Lower coal-measure region, and strongly 

contrasting with the plateau-like uplands common in the 

country occupied by the Upper coal formation, wherever that 

formation is not concealed beneath the excessive accumula- 

tions of detrital material pertaining to the post-tertiary 

period. This broken tract is especially noticeable in 

localities where the water-courses traverse the formation at 

right angles to the general trend of its borders. In the 

immediate vicinity of the larger water-courses, the uplands 

are intersected by short, deep ravines, and their valleys are 

bounded by more or less steep, rounded acclivities one 

hundred and two hundred feet in height. However, these 

more strongly marked topographical features are subject to 

various modifications, although always of a local character, 

and therefore, limited in extent. 

It is well known that the coal-measure series of rocks in 

the State are traversed by more or less regular undulations, 

which were communicated to the middle formations equally 

with the others. As often occurs, the slight depressions 

between the low swells in the strata, are occupied by the 

softer deposits of the formation, and wherever the streams 

take their courses through these shallow synclinal troughs, 

it is common to find them margined upon one or the other 
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hand, or upon both, by wide shelving slopes; as, for example, 

along some portions of the South Raccoon river in Dallas 

county, and on North river in Warren county. There are 

certain indefinable topographical features associated with 

this formation, with which the careful observer cannot fail 

to be impressed, however difficult it may be to convey a clear 

description of their peculiarities and extent. 

2. GEOLOGICAL STRUCTURE. 

The Middle coal formation is composed of alternating beds 

of clay, sandstone, and limestone. The clays, or shales, 

greatly predominate, constituting indeed the bulk of the 

formation. These beds possess all the lithological characters 

common to the shales in both the Upper and Lower coal- 

measures, which considered separately, present somewhat 

striking contrasts; but in this intermediate formation these 

features are so blended or associated as to produce persistent 

and easily distinguished lithological peculiarities. They 

present all the variegated appearances commonly observed 

in the shales of the Upper coal-measures; and also the 

arenaceous shales prevalent in the Lower coal-measures, are 

again represented in this formation, though to a less consid- 

erable extent. These strata are subject to more or less 

variability in thickness, thickening and thinning locally, but 

always constituting the most prominent feature in the strati- 

graphy of the formation. 

The sandstones are the least important members of the 

formation, there being few persistent horizons, and these are 

generally represented by thin beds. However, as was 

observed in reference to the shales, the sandstones are also 

quite variable in thickness, sometimes being so exaggerated. 

as to replace other beds, locally changing the normal aspect 

of the strata with which they are associated, and giving rise 

to many difficulties in their identification. 

Thin bands of limestone are found in all parts of the 

formation, usually occurring in single layers of a few inches, 
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though sometimes forming beds of a few feet in thickness, 

interbedded with calcareous shales. Although these beds do 

not present as great an aggregate thickness as the sandstones 

do, they are of far greater importance, both on account of 

their economic value and their persistent character ; and, in 

connection with the persistent coal horizons, they furnish the 

most reliable guides in the study of this formation throughout 

its extent in Iowa. The lithological peculiarities of the lime- 

stone bands offer many contrasts to the limestones of the 

Upper and Lower coal-measures. Usually they present an 

earthy appearance, are seldom pyritiferous and carbona- 

ceous, like some of the limestones found in the Lower 

coal-measures, and are generally not as compact and pure as 

those so prevalent in the Upper coal-measures. According to 

the analysis of the State chemist, they have the composition 

of ordinary limestone; but many of the beds are too frag- 

mentary and easily disintegrated from exposure to be 

valuable for building purposes. There are other beds, 

however, which afford material for the manufacture of quick- 

lime, and are employed in ordinary masonry. 

Three persistent coal horizons occur in this formation in 

Iowa, besides other irregular beds and carbonaceous layers, 

which sometimes display thin seams of coal. The strata 

associated with the three principal coal-beds, give to this 

member prominent lithological and paleontological peculi- 

arities, in the main, quite distinct from those of any of the 

horizons known in the Upper and Lower coal-measures. 

In the prosecution of the investigations in this formation, 

we have been led almost intuitively to the recognition of 

three sub-divisions, partly on the ground of convenience in 

working out the details of the stratigraphical structure of the 

formation, but no less so from the fact that each of these 

divisions is everywhere defined by the same peculiarities. 

Each of these members is limited above by a sandstone or 

arenaceous bed, and just beneath this a thin bed of coal 

occurs in each case. However, the arenaceous cap-rock of the 

upper division is not always present as a dictinct sandstone, 
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and in sotne other respects this horizon partakes strongly 

of the characters of the Upper coal-measures. 

The average stratigraphical thickness of the Middle coal 

formation is probably not far from two hundred feet, although 

the maximum thickness is between three hundred and four 

hundred feet. The thickness of the strata intervening between 

the three principal coal horizons is variable in different 

localities. The middle member is the thickest, the upper and 

lower divisions probably averaging about the same thickness 

or about sixty feet. The middle division on the Middle 

Raccoon river, in Dallas county, near Redfield, where it has 

an exaggerated development not observed elsewhere, attains 

a thickness of probably not less than one hundred and fifty 

feet. At some localities the lower division may reach one 

hundred feet in thickness; but the greatest observed develop- 

ment of the upper division does not exceed eighty feet. 

The Middle coal-measures are traversed by more or less 

regular wave-like undulations, which have a parellelism that 

would be difficult to account for in any other way than that 

they are the result of widespread, through greatly modified 

disturbance. The conclusion is further substantiated by the 

discovery of similar undulations in the strata of the Upper 

coal-measures in southwestern Iowa, which have a _ north- 

easterly and southwesterly trend, and are apparently in 

continuation of those that cross the Middle coal-measures. 

In a field so narrow as that occupied by the outcropping 

strata of the latter formation, and where there are no 

established base lines to facilitate and systematize explora- 

tions, it is extremely difficult to distinguish the general from 

the subordinate undulatious, which latter may have a 

direction more or less divergent from that of the main folds ; 

and it was not until the examinations made by Dr. White, in 

southwestern Iowa, brought to light the existence of identical 

phenomena that we could, with any degree approaching 

accuracy, determine the general trend of these undulations. 

That these slight folds were also communicated to the Lower 

coal-measures there can be no doubt; but as yet they have 
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not received more than a cursory study in that.formation. 

No disturbances, such as faults or dislocations of the strata, 

have been brought to light in the progress of the examina- 

tions in this formation, nor is there the slightest indication of 

such existing. All the irregularites in these strata are such 

as were produced by irregular deposition and the wave-like 

undulation mentioned above. 

Fossits. Generally speaking, few species of fossils occur 

in these beds which can be said to be peculiar to them. 

Nevertheless, while this formation furnishes a repetition of 

the organic forms that are found almost throughout the coal- 

measure series of strata, it is distinguished by certain 

paleontological and lithological features that furnish infalli- 

ble guides in the indentification of its various horizons at 

localities remote from one another. There is a certain 

association of forms in the various fossiliferous horizons, 

such as the prevalence of individuals of one or more species 

in particular layers, that gives to each of these horizons its 

prominent distinctive paleontological characteristics. 

PiLants. Some of the shales and sandstones have afforded 

a few imperfectly preserved land plants; three or four species 

of ferns belonging to the genera, Pecopteris, Sphenopteris, 

Neuropteris, and grass-like impressions. Besides these, the 

sandstones contain the remains of Calamites and Sigillaria. 

The flora, however, is meagre, and does not perform an 

important part in characterizing any particular horizon. 

Some of the carbonaceous shales afford beautiful impressions 

of what appear to have been sea-weeds. 

Of the Prorozoa only the Fusulina has been recognized in 

these rocks, and this fossil is rare compared with its great 

abundance in the Upper coal strata. 

RADIATES are represented by one or two genera of cyatho- 

phylloid corals, the remains of Crinotdea and Hchinoidea, 

and Chetetes. 

The MoLuusks are the most numerously represented of all 

the other classes of animais. The Polyzoa, Brachiopoda, 

Gasteropoda, and Cephalopods are represented by numerous 
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genera and species. But there are few if any of these forms 
peculiar to this formation—either occurring in one or other of 

the formations immediately above or below, or in both, as is 

more generally the case. 

Trilobites and Ostracoids are the only remains of the 

ARTICULATA thus far known from these beds. The former are 

represented by the single genus Phillipsia, and the latter by 

Beyrichia and Cythere. 

VERTEBRATES are only known by the remains of fishes. 

These comprise the teeth and dorsal spines of Selachians, or 

sharks, and Ganoids. The latter consist of detached scales 

belonging to the genus Paleoniscus, or to a closely allied 

genus, and rarely fragments of the internal skeleton. Among 

the sharks the following genera have been recognized: Clado- 

dus, Orodus, Helodus, Petrodus, Deltodus. With our present 

imperfect knowledge of the distribution of the fishes in the 

coal-measure series, it would be difficult to say what forms are 

peculiar to any one of its members. On the other hand, it is 

well known that there are forms which range from the Lower 

measures up into the upper beds of the Upper formation. 

The genus Petrodus, for example, is represented apparently 

by the same species in all three members of this group; and 

the Peripristis semicircularis is known from the Lower and 

Upper formations, though it has not been detected in the 

Middle formation. Of the Ganoids, the genus Paleoniscus is 

represented by the same or very closely related species in 
each of the formations. 

These remains are of rare occurrence in this formation, and 

do not seem to mark any particular horizon. However, in 

most of the carbonaceous shales Petrodus occurs, and almost 

invariably associated with it is a peculiar dorsal-like spine, 

which we are inclined to regard as having belonged to the 

fishes, with whose dental remains they are so generally found. 

The species are usually about an inch in length, regularly 

tapering from the base, which is about one-fifth of an inch in 

width, to the apex, with fluted surfaces, the ridges of which 

terminate on the posterior margin in delicate spiny processes. 
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They are always found extremely compressed, indicating that 

they were very thin. It has been suggested that the Petrodi 

were dermal appendages of fishes related to the Rays. But 

if this is the case, it is exceedingly difficult to account for the 

absence of the slightest trace of the dental apparatus of 

those fishes, which we might reasonably expect to find depos- 

ited in the same strata. Prof. McCoy, however, has shown 

that the microscopic structure of these teeth is essentially the 

same as in all the Hybodont sharks, and which differs widely 

from the simple structure of the dermal points that cover the 

bodies of the Rays and sharks. 

The foregoing and other peculiarities commonly observed 

in connection with the various strata of which the Middle 

coal formation is composed, will be noticed in detail and 

made more apparent in the descriptions following the 

accompanying section, which presents a tabular view of 

the formation in lowa, as it is at present understood. 

8. GENERAL SECTION OF THE MIDDLE COAL-MEASURES. 

No. 1. The lowermost beds of the Middle coal-measures, 

as exposed in the vicinity of the city of Des Moines, present 

variegated red and blue shales, slightly arenaceous in places, 

with one or two thin bands of impure limestone, more or 

less irregular and nodular, with Chonetes mesoloba, Spiri- 

Ferina, Kentuckensis. At Des Moines, this stratum has an 

exposed thickness of fifteen feet; it is, doubtless, consid- 

erable thicker. 

No. 2. Limestone, compact, gray and dark buff, usually 
accompanied above and below by thin bedded layers, two to 

three feet. This rock is seen at the quarries on Mosquito creek, 

Dallas county, and on the Little Whitebreast, near Chariton, 

Lucas county, at both of which localities it is well stored 

with fossils, the following species having been obtained: 

Aviculopecten rectilateraria, very abundant; Myalina, Swat- 

lovi, Schizodus, (sp. undet.), Productus muricatus, obscure fish 

remains. The bed in Lucas county, referred to the above 
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horizon, affords Productus equicostatus, Chonetes mesoloba, 

Leda, ( Yoldia), (sp. ¢), Loxonema, (sp. ?), Belleronhon. (sv. 2). 

vyant Of time for carefui study of many of the species of fossils characterizing 

these beds before the report must go to press, has prevented their identification with 

sufficient precision to publish their names. Therefore, many species are represented 

by only blank lines. 

9) 
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horizon, affords Productus equicostatus, Chonetes mesoloba, 

Leda, ( Yoldia), (sp. ?), Loxonema, (sp. ?), Bellerophon, (sp. *), 

all in a very imperfect state of preservation. 

No. 3. Shales, bluish and lght colored, with ferruginous 

layers, and septaria in the upper part. This bed is well seen 

on Coal creek, near Sandyville, Warren county. It is 
probably twenty to thirty feet thick. 

No. 4. Lacona coal. This bed is not persistent, although 

it has been found at more or less distant localities. Inthe 

northern portion of the formation, in Dallas county, it shows 

a thickness of about thirty inches; but on the Middle Raccoon 

river, below Panora, it is only ten inches thick. In the 

southern part of Warren county it varies from ten inches to 

two feet. In this region it is sometimes accompanied by 

more or less calcareous bituminous shales, containing P7o- 

ductus ceguicostatus, abundant, P. muricatus, Athyris 

subtilita, Leda bellastriata, ———- ———-_, ———— ———_,,* 

Loxonema, ———, ————, ———, Bellerophon carbonaria, 

Hemipronites crassus, (?) Chonetes Verneuilianus, Nautilus 

occidentalis. The fossils in this bed are quite irregularly 

distributed, usually occurring in colonies in excessive individ- 

ual numbers, within limited areas. In quality, the coal! is also 

very variable, usually being charged with pyrite and inter- 

laminated with seams of shale. 

No. 5. Shales, blue and yellow; five to ten feet. 

No. 6. Bluish and gray, usually thin bedded and some- 

times micaceous sandstone. This bed varies in thickness 

from one to twelve feet. Its greatest development is seen at 

Panora, in Guthrie county, where it has been passed through 

in shafting for coal. To the southeastward, itis usually found 

from one to five feet thick; though in Lucas county it may 

thicken again, and is accompanied by a considerable thick- 

ness of arenaceous shales, as seen on the Little Whitebreast. 

* Want of time for careful study of many of the species of fossils characterizing 

these beds before the report must go to press, has prevented their identification with 

sufiicient precision to publish their names. Therefore, many species are represented 

by only blank lines. 

Be) 
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On Mosquito creek, Dallas county, layers referable to this 

bed contain Productus equicostatus, Lingula ———. 

No. 7. Shales, alternating layers of blue, red, yellow, and 

gray, with irregular nodular bands, and a thin layer of earthy 

limestone. Seven to thirty feet. At Panora, Guthrie county, 

a thin band of ashtcolored shales in the middle portion of the 

bed contains great numbers of a minute Aviculoid shell, 

, besides Hemipronites crassus, (?) Productus 

muricatus. Near the top of the bed imperfect remains of 

plants are not unfrequently met with. | 

No. 8. Panora coal. Five to eighteen inches. This bed 

usually presents a thickness of ten to twelve inches, but 

locally, in Warren and Lucas counties, it has been found 

eighteen inches thick. In consequence of the persistent 

character of this bed, it forms one of the most reliable strati- 

graphical horizons in the series. The quality of the coal is 

usually superior to that of the thicker beds; and, notwith- — 

standing its comparative thinness, it has been mined to a 

greater extent than any other bed in this formation. Mining 

this bed is greatly facilitated by the presence of a thin band 

of limestone, (Brp No. 10), which usually affords a self- 

supporting roof. Sometimes nodular or flattened masses of 
pyritiferous shales occur in the coal, charged with Productus 

muricatus. 

No. 9. Bituminous shales, fissile, and sometimes slightly 

calcareous. One to three and one-half feet. At numerous 

localities this bed is richly stored with fossils. Petrodus and 

spines, Ganoid scales, and undetermined fish remains, 

Aviculopecten rectilateraria, Rhynchonella , Orthoceras 

, Bellerophon carbonaria, Pleurotomaria , Loxo- 

nema , Macrocheilus (?) , Polyphemopsis (?) 

Chonetes mesoloba, Discina , Athyris subtilita, Mar- 

tinia planoconvexa, Spiriferina Kentuckensis, : 

, Hemipronites crassus(?) Lingula ———. 

No. 10. Limestone, impure, dark bluish, weathers brown, 

and sometimes nodular. This rock is easily disintegrated 

by exposure to the atmosphere. It varies in thickness from 
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four to twelve inches; it is generally, however, quite regular, 

from five to eight inches thick, and very seldom entirely 

absent ; though sometimes it is represented by a band of 

rather compact lenticular masses of limestone, as is the case 

on Mosquito creek, in Dallas county. The following species 

of fossils occur in this bed: Crinoidal remains, Productus 

muricatus, P. longispinus, very rare; P. equicostatus, Chonetes 

mesoloba, Hemipronites crassus, (?), Discina , Athyris, 

subtilita, Martinia planoconvexa, M. lineata, Sptriferina 

Kentuckensis, Rhynchonella, , Pernopecten, (?) : 

Aviculopecten rectilateraria, eee, — : 

Bellerophon carbonaria, B. ———, B. ———, Huomphalus, 

(sp. undet,), Plewrotomaria oe , Orthoceras, 

, Nautilus : 

No. 11. Brown, rotten shales at base, overlaid by bluish, 

gritty shales, eight feet. Local deposit, Mosquito creek. 

No. 12. Dark, indurated calcareous shales. Six to 

eighteen inches. A locally developed, intercalated layer, 

seen at Piatt’s mine on Mosquito creek, where it affords the 

following fossils: Productus cequicostatus, P. muricatus, 

Hemipronites crassus (?), Athyris subtilita. 

No. 13. Variegated blue, gray and _ chocolate-colored 

shales, sometimes slightly arenaceous. Five to fifteen feet. 

A band of dark, plastic clay occurs locally near the top. 

No. 14. Limestone, impure, soft, bluish-gray, in two to 

four thin layers separated by marly partings. One to four 

feet. The continuity of this bed is uninterrupted; although it 

loses its upper layer in the southern extension of the forma- 

tion, and wherever it is exposed it presents the same 

lithological and paleontological characters, which easily 

distinguishes this from all other horizons in the formation. 

14a. Usually forms an eight to twelve inch layer, some- 

times in two thin bands, and is particularly characterized by 

the prevalence of Productus muricatus; besides this fossil, 

the following species have been found in this layer: crinoidal 

remains, Discina , Chonetes mesoloba, Hemipronites 

cerassus (?) Athyris subtilita, Martinia planoconvexa, 
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Allorisma ————, Ldmondia (?) 

terarea. 

Immediately below this layer a thin band of indurated clay 

charged with the same fossils enumerated above, occurs at 

some localities. os 

14h. Four to six inch band, like preceding; charac- 

terized by the great abundance of Jlartinia pianoconvexa ; 

also, the following forms are known from this layer: Musudina 

rare, Zaphrentis (Sp. ?) crinoidal remains, Productus muricatus, 

P. Nebrascensis, Chonetes mesoloba, Hemipronites crassus (?) 

Rhynchonella , Athyris subtelita, Spiriter cameratus, Pleu- 

rotomaria , Macrocheilus 

14c. is very tough, even bedded gray limestone, eight 

to ten inches thick. It does not constitute a persistent 

member of the bed, and has been observed at only a few 

localities on the South and Middle Raccoon rivers, in Dallas 

county; it here presents a layer largely composed of com- 

minuted organic remains. The shelly surfaces of the layer 

are crowded with one or two species of minute Gasteropoda, 

and myriads of the exuviz of a minute crustacean, Cythere 

—-, besides Jyaiina , Aviculopecten rectilateraria, 

Nucula, (?) (sp. ?), Productus muricatus, Chonetes mesoloba, 
Athyris subtilita. 

No. 15. Mottled reddish and yellow shales, eight to ten 

feet. 

No. 16. Wheeler coal; twelve to fifteen inches. This bed 

is not persistent nor does it appear to be widely distributed. 

In the northern portion of the Middle coal area it has not 

been recognized. In the southern portion of Warren county, 

on Otter creek, on the Whitebreast, near Wheeler’s mill, 

and on a tributary of Cedar creek, near Col. Walker’s, in 

Lucas county, this coal is well exposed in connection with 

the underlying strata, including No. 8, or the Panora coal. 

The quality of the coal is average. 

No. 17. Shales, blue and yellow, slightly gritty with 

nodules above; five to ten feet. | 

No. 18. Sandstone, grayish-yellow, soft, sometimes 

Aviculopecten rectila- 
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replaced by arenaceous shales, three feet. In the vicinity 

of Panora a remarkable set of beds is associated with this 

horizon, consisting of thin bedded very compact sandstone, 

with thin interrupted coaly partings, enclosing a massive 

brecciated layer with Productus muricatus, P. equicostatus, 

Chonetes mesoloba, Athyris subtilita, Petrodus; the whole 

making a thickness of twenty feet. 

No. 19. Blue, more or less arenaceous indurated shales; 

fifteen to twenty-five feet. Near the base is found a band of 

dark blue clays, sometimes with pyritiferous nodules, in 

which great numbers of Aviculopecten rectilateraria and 

imperfect remains of ferns occur. This horizon may be seen 

in the fine exposures on the South Raccoon river, on the 

line between Dallas and Guthrie counties, and on the 

Middle Raccoon river, above the mouth of Mosquito creek. 

No. 20. Light gray, soft sandstone; two and a half feet. 

On the Middle Raccoon river above Mosquito creek. 

No. 21. Variegated, red, gray, and blue shales in alter- 

nating layers, more or less arenaceous, and capped by thin 

bedded micaceous sandstone; forty to sixty feet. This 

portion of the section is finely exhibited in the exposures on 

the Middle Raccoon river, above the confluence of Mosquito 

creek, as is also the following Bed, No. 22, where these 

argillaceous deposits have a much greater thickness than 

elsewhere observed. Indeed, at some localities the argiil- 

aceous material is entirely replaced by laminated, more or 

less micaceous, arenaceous shales and soft sandstone, as 

shown in the exposures on the South Raccoon above the 

confluence of the Middle Raccoon river. On Butler’s branch, 

near Adel, a similar arenaceous deposit is found in this 

horizon, which has apparently replaced all the intervening 

strata, and rests immediately upon the carbonaceous shales 

overlying the Panora coal, (Bed No. 8). 

No. 22. Alternating layers of variegated shales, red, blue, 

and chocolate colored, indurated, with arenaceous bands, 

probably thirty to fifty feet; on the Middle Raccoon, near 
the Dallas and Guthrie county line. 
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No. 23. Soft, shaly, gray, micaceous sandstone; 2 feet; 

five miles below Panora on the Middle Raccoon. This bed 

presents the unusual thickness of seven to ten feet. It affords 

the following fossils: Polyzoa, Productus cquicostatus, 

Hemipronites crassus, (?), Myalina ———, Pleurotomaria 

————., Cladodus, (*) (sp. %) 

No. 24. Chocolate-colored and blue, slightly arenaceous 

shales, with nodules at base; ten to fifteen feet. 

No. 25. Gray sandstone, irregular, passing upwards into 

mottled blue, gray, and chocolate-colored, slightly arenaceous 

shales, with nodular layers; five to ten feet. Near the top in 

a thin band of dark shale a few fossils are found——Petrodus 

and spines, Ganoid scales, Discina ———, Martinia, plano- 

CONVERA. 

No. 26. Dark-buff, fragmentary, argillaceous limestone; 

two to five feet. 

No. 27. Shales, blue, sometimes red; local; four feet. 

No. 28. Indurated, gray, calcareous shales; one foot. A 

local deposit seen at Van Meter’s mills, and near Adel, Dallas 

County, contains Productus muricatus, P. cequicostatus, 

Chonetes mesoloba, Henipronites crassus, (?) Martinia plano- 

convexa, Athyris subtilita, Myalina, ——, Hdmondia (?) 

, Pleurotomaria ! 

No. 29. Bituminous, fissile shales, local; one foot. This 

bed is also present at the localities mentioned in connection 

with the last preceding bed. In the vicinity of Hammonds- 

burg, Warren county, a half-inch seam of coal occurs at the 

bottom of this bed. The shales have afforded Petrodus and 

spines, ganoid scales, Avicuwlopecten —————, Spiriferina, 

Kentuckensis, Rhynchonella ——-—, Productus muwricatus, 

Lingula ————. 3 

No. 30. Blue and purple shales, with irregular indurated 

and nodular bands ; five to twelve feet. | 

No. 31. Bluish gray or buff, soft, impure limestone, more 

or less regularly bedded; two feet. The bed is sometimes 

separated in two layers, and at some localities it has, 

associated with it, several thin, fossiliferous layers, as may 
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be seen in the exposures on the Middle Raccoon on the 

eastern borders of Guthrie county. These layers are inter- 

bedded with shales ; also, sometimes, fossiliferous, giving to 

the bed a local thickness of four to six feet. The following is 

a list of the species known from this horizon: Crinoidal 

remains, spines of Echinoids, Descina - ——, Productus 
equicostatus, abundant, P. muricatus also abounds in thin local 

bands, P. costatus, rare, P. semireticulatus, rare, Chonetes meso- 

loba, O. mucronata, Hemipronites crassus (?) Orthis carbonaria, rare, 

Athyris subtulita, Spirifer cameratus, rare, Spiriferina Kentuck- 

ensis, Martinia tineatus, rare, If. planoconveaa, Rhynchonella 

— Pleurotomaria —-—— ——, Allorisma ——- ——-——, 

———— Phillipsia ————. 

No. 32.. Blue and light-colored shales, with nodular 

bands, and sometimes slightly arenaceous; four to twelve 

feet. The upper portion of the bed has afforded a few plant 

remains, consisting of slender linear leaves and ferns— 

Pecopteris, 

No. 33. Marshall coal, two inches to two and a half feet. 

Notwithstanding the variable thickness of this bed, some- 

times being represented by a seam of rotten coal not more 

than two inches thick, (Miller’s branch, near Adel), it forms a 

persistent horizon throughout the extent of the formation 

in the State. However, the usual thickness of the bed ranges 

from six to twelve inches, and it is only at a single locality, 

at Marshall’s coal mine, on Long branch, in Guthrie county, 

where it attains the maximum thickness given above. The 

quality of the coal is superior, generally being quite free 

from pyrite and other impurities, and wherever it is of 

sufficient thicknéss and accessible, it has to great extent 

supplied the local demand for blacksmithing purposes. 

No. 34. Blue and yellow, more or less arenaceous shales, 

with thin indurated ferruginous bands, locally developed; 

two to twenty feet. Its greatest development is seen on Long 

branch, Guthrie county. In an exposure on the Middle 

Raccoon, at Duck’s mills, Guthrie county, it replaces the 

overlying sandstone, No. 35. At the exposures on Beaver 
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creek and Long branch, in Guthrie county, and near Adel, 

Dallas county, the bed has afforded a few species of fossils. 

In its lower portion at the former locality, Myalina perat- 
tenuata, Hemapronites crassus, (?) and obscure plant remains 

occur. . At Marshall’s coal-mine on Long branch, Lingula 

—- is found in a similar position. Above this there 

is a well-marked layer which is literally crowded with the 

exuvice of a minute Ostracoid crustacean, resembling, if not 

identical with, Leyrichia fetoidea. On Hickory branch, near 

Adel, the same fossil occurs in equivalent exposures, besides, 

a minute Gasteropod, undetermined and obscure _ plant 

remains. 

No. 35. Brown, fine-grained, heavy bedded and _ shaly 

sandstone. From a few inches to thirty-five feet in thick- 

ness, although its normal thickness is about eight feet. The 

remarkable thickening of this stratum forcibly brings to 

mind similar irregularities in the arenaceous deposits of the 

Lower coal formation. The least observed thickness of the 

bed is seen on Sugar creek, Dallas county, where it is repre- 

sented by two thin quartzose layers, together not more than 

twelve inches thick, and charged with comminuted vegetable 

remains. The greatest thickening of the bed occurs in Warren 

county, where it sometimes reaches the thickness of thirty-five 

feet, as exhibited in the exposures on Otter creek, in the 

vicinity of Hammondsburg. The rock is usually soft, and 

easily disintegrated from exposure. Quarries have been 

opened in the bed at several localities in Warren and Dallas 

counties. Those near Adel furnish a tolerable freestone. 

In the thickened bed, it is not unusual to find large lenticular 

masses that present the characteristics of true quartzite. 

The only organic remains known from this bed at present, | 

are a few plants: Weuropteris, Sigillaria, Calamites. 

No. 36. Blue and yellow shales; two to eight feet. 

No. 37. Bituminous shales; one to four feet. A coal- 

seam four to fourteen inches thick, locally occurs in the base 
of this bed, in Guthrie and Warren counties. It has been 

termed, for convenience of reference, the lower carbonaceous 
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horizon of the upper division. Its organic remains, so far as 

known, consist of the following species: /etrodus and spines, 

Beyrichia Americana, Aviculopecten rectilateraria, Discina 

Lingula , and beautiful fucoidal impressions. 

No. 38. Limestone, dark and grayish blue, fragmentary 

and sometimes nodular, impure; six inches to two feet. This 

rock rarely answers for building purposes; besides, it is 

seldom of sufficient thickness to quarry to advantage. It 

furnishes, however, a reliable horizon, and it derives much 

interest on account of the prevalence of certain species of 

_ fossils which are of comparatively rare occurrence in the lower 

beds of the formation and which give to this horizon a 

somewhat striking paleontological resemblance to some of 

the beds in the Upper coal-measures, as is exhibited in the 

accompanying list of the forms common to this bed: /usulina 

cylindrica, rare, Zaphrentas --——, crinoidal remains, Polyzoa, 

two or three species, Spirifer cameratus, common, Spiriferina 

Kentuckensis, Martinia lineatus, common, J. planoconvexa, 

common, Athyris subtedita, Retzia punctilifera, Productus longis- 

pinus, common, P. punctatus, (?) P. aequicostatus, P. Nebracensis, 

P. muricatus, Chonetes mesoloba, always very small, C mucronata, 

C. Verneulianus, Hemipronites crassus, (?) Aviculopecten rectila- 

terarva, Pernopecten , Allorisma 

crassus, (?) Phallipsia 

No. 39. Light, red and blue shales, with arenaceous 

layers; twenty to forty-five feet. At the base of the stratum 

locally developed fossiliferous shales afford the following 

species: Cyathaxonia , (sp. ?) erinoidal remains, Produc- 

tus punctatus, P. longispinus, Chonetes mucronata, Hemipronites 

crassus (?), Spiriferina Kentuckensis, Martinia planoconvexa, 

Athuris subtelita, Retzia punctilifera, Pleurotomaria . 

Bellerophon carbonarius, B. : 

No. 40. Rather compact, thin bedded, buff limestone; 

five to ten feet. This bed is sometimes locally represented by 

compact heavy bedded layers, and sometimes accompanied 

by thin bands of limestone interstratified with shales. It 

burns into dark colored very strong quicklime, and is a 
36 

, Bellerophon 
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durable building stone. Although the fossils are generally in 

an imperfect and comminuted condition, the following forms 

have been identified from this horizon: /usulina cylindrica, 

not uncommon, Cyathaxonia , crinoidal remains, two or 

three forms of Polyzoa, Hemzpronites crassus, (?) Chonetes meso- 

toba, Productus equicostatus, Athyris subtilita, Martinia lineatus, 

if. planoconvexa, Meekella striatocostata, Suntrielasma hemiplicata, 

Myalina subquadrata (sp. ?), Aviculopecten occidentalis (?), Pinna 

—, Allorisma lata(?), Lowonema , Pleurotomaria — 
Bellerophon crassus (?). 

No. 41. Yellow and light colored shales; ten to twenty 
feet. | | 

No. 42. Lonsdale coal. The thickness of this bed ranges 

from fifteen to thirty inches ; it is a light, brittle coal, usually 

quite free from impurities. At Lonsdale’s mine, on Deer 

creek, Guthrie county, this horizon is finely displayed. Also, 

at Huggin’s mine on the west side of the Middle Raccoon, 

three miles above Redfield, and in the vicinity of Hammonds- 

burg in Warren county, a coal is found which, in connection 

with the overlying fossiliferous shales, exhibits an unmis- 

takable identity with the Lonsdale bed. 

™ No. 48. Bituminous shales, locally calcareous, indurated ; 

two to four feet. This is one of the most interesting palzon- 

tological horizons in the coal-measures, although the number 

of species is limited, contrasted to the abundance of indi- 

viduals. From the prevalence of a molluscean fauna for the 

the most part consisting of diminutive species, or dwarfed 

individuals .of larger forms, it brings strongly to mind 

certain horizons in the Upper coal-measures of southwestern 

Iowa. The following is a list of the species identified from 

this bed:  Productus longispinus, P. cquicostatus, Chonetes 

mesoloba, Hemipronites crassus, (?) Athyris subtilita, Martinia 

planoconvexa, Ldinondia —— ' Leda bellastriata, Nucula (?) 

—, Gervillia ————, Pleurotomaria ake —, 

LMacrocheitus , Bellerophon carbonaria, Orthoceras 

———— Nautilus 

No. 44. Shales, passing upwards into shaly sandstone, 
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with a locally developed: bed of limestone intervening; ten 

feet and upwards. 

In the counties of Guthrie and Warren, the last described 

bed is well-marked, presenting essentially the appearance 

represented in the foregoing general section. But in Madi- 

son and Appanoose counties, we find a coal-bed beneath 

well recognized Upper coal strata, which is thought may 

prove to be the equivalent of the upper bed, or Lonsdale 

coal, of the Middle coal formation. In the latter region the 

coal is associated with two limestone beds, one above and 

the other below, besides the arenaceous deposit at the base of 

the Upper coal-measures, as shown in the Winterset section, 

is entirely replaced by argillaceous shales and limestone 

bands, as shown in the general section of the rocks in Appa- 

noose county. If the above intimated identity exists, the 

horizon has not only entirely changed its lithological aspect, 

but the fossils of the associated bituminous shales have little 

resemblance, that forcibly recalls the Lonsdale coal as it 

appears in the northern portion of the Middle coal area. 

4, ECONOMICAL GEOLOGY. 

Coal. By far the most important mineral product of the 

Middle coal-measures is coal. As has been already stated, 

these deposits are guite limited compared with the coals of 

the productive or Lower coal-measures. But, at the same 

time, their quality seems to be superior to that of the heavier 

beds in the latter formation; and for this reason, if on no 

other account, these beds will be mined for a long time on a 

more or less extensive scale, at least, for the supply of the 

local demand for those purposes which require a pure coal. 

Some of the beds are locally of sufficient thickness to be 

regarded as “‘ workable.” But it is not unusually the case 

that twelve-inch beds are quite extensively mined, as in the 

instance of the Panora coal. The Lonsdale coal is the 

thickest and most regular of the persistent coal-beds in the 

formation, and being unusually free from admixture with 

impurities, it will become an important resource for fuel in 
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the region where it appears at the surface. The Marshall 

coal is also remarkably free from admixture with foreign 

mineral substances; but, at the same time, it is the most 

variable of the persistent beds. Those beds which are termed 

irregular in consequence of their interrupted continuity, also 

afford a fair average quality of coal, but in consequence of 

their less extensive distribution, they have not been wrought 

to near the same extent as have some of the thinner persistent _ 

beds. The aggregate thickness of the coals of this formation 

is about eight feet. All these coals are light and brittle, 

presenting a highly polished lustre upon fracture. 

Building Material. Stone suitable for building purposes is 

not abundantly furnished by this formation. As a general 

thing, the limestones occur in thin bands, and being of a 

more or less fragmentary character and easily wasted from 

exposure, their economic value is inconsiderable. However, 

a three-foot bed in the lower part of the formation has been 

opened on Mosquito creek, in Dallas county, affording a 

very durable building stone. In the upper division of the 

formation, well towards the top, another limestone deposit 

furnishes a good quality of quicklime and answers the 

purposes of ordinary masonry. This stratum appears at 

numerous localities in Dallas and Warren counties. The 

sandstones are usually too soft and easily destroyed to be 

employed to any considerable extent in building. The bed 

at the top of the middle division of the formation locally 

affords a tolerable freestone. The best quarries in this bed 

are those in the vicinity of Adel, in Dallas county, and to the 

southward of Indianola, in Warren county. 

Ferruginous nodules occur in various beds, but no valuable 
deposits of the ore have been as yet discovered in the forma- 

tion. The under clays, associated with some of the coal- 

beds, may possibly be found to answer for potter’s use and 

fire-brick, but as yet no experiments have been made upon 

them with the view of determining their value for those 

purposes. 



Orbe Pine V, 

1 CRETACEOUS SYSTEM#* 

EARLIER CRETACEOUS. 

There being no rocks in lowa of either Permian, Triassic, 
or Jurassic age, the next strata in the geological series which 

we find belonging above the Upper coal-measures, are of Cre- 

taceous age. They are found in the western half of the State, 
and rest unconformably upon the strata beneath them. They 

do not partake of the dips and undulations of those upon 

which they rest, and which have been described in the preced- 

ing pages, but have a general dip of their own to the north of 

westward. This dip, however, is slight, and probably has 

nowhere a greater angle than the average slope of the 

surface of the country in the opposite direction which lies 

between western Iowa and the base of the Rocky mountains. 

Indeed, it seems probable that the disappearance of the 

paleeozoic rocks beneath those of Cretaceous age is fully as 

much due to the slope of the surface from that direction as to 

an actual dip of the strata from a horizontal line in the 

opposite one. So far as is known to the writer, Dr. D. D. 

Owen was the first to publish the fact of the existence of 

Cretaceous strata in Iowa. Subsequently, the extensive 

deposits of that age, which exist along the valley of the 

Upper Missouri river, of which ours are a part, received the 

most extensive and detailed exploration that has yet been 

given to them, by Messrs. Meek and Hayden. 

In 1863, this region was visited by Prof. Jules Marcou, and 

* The term ‘‘system’”’ is applied to the Cretaceous, in conformity with the plan of 

classification explained in the introduction. 

285 
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he was the first to announce the existence of Cretaceous strata 

in Iowa at any point farther south than the immediate vicinity 

of Sioux City,* which he represents as extending as far south- 

ward as the mouth of Boyer river. During the labors of the 

present Geological Survey, rocks of this age have been recog- 

nized still further southward, in Montgomery county, and as 

far eastward as the eastern part of Guthrie county, more than 
eighty miles eastward from the Missouri river. 

Although the actual exposures of Cretaceous rocks are few 

in Iowa, there is reason to believe that nearly all the western 

half of the State was originally occupied by them, but all the 

strata being very friable they have been removed to a great 

extent by subsequent denudation: This denudation has 

doubtless taken place during two separate periods, and is the 

result of two separate causes. The first was the natural sur- 

face denudation that is constantly taking place upon all land 

surfaces, and was accomplished both during its elevation from 

the Cretaceous sea, and during the long Tertiary age that 

passed between the time of that elevation and the commence- 

ment of the Glacial epoch. Secondly, they suffered still 

greater erosion during the last named epoch by the action of 

ice ; amounting even to their entire removal over considerable 

areas, so that the drift now rests directly upon strata that 

were once covered by Cretaceous deposits, the latter having 

added largely to the materials of the drift. Thus every 

exposure of these rocks is found to show a more or less 

incomplete series of strata, by having had their upper portions 

either disturbed or removed, and they are not unfrequently 

parts of outliers of greater or less extent, which have become 

detached from the principal deposit by the erosion before 

mentioned. 

There are two distinct causes why there are so few expos- 

ures of the Cretaceous rocks in the region within which they 

are known to occupy the surface, or immediately beneath the 

*See (Bulletin de la Societe Geologique de France, 2d serie, t. xxiv, p. 56, seance du 19 

Novombre 1866,) an article entitled, ‘‘Le terrain cretace des environs de Sioux City, 

etc., par M. Jules Marcou.”’ 
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surface deposits. The first is, the great thickness of the latter, 

both the Bluff and Drift deposits ; and secondly, all the rocks 

of Cretaceous age are so soft and friable, that many of the 

exposures which may have once been made by the erosion of 

the valleys of the present streams, since the Glacial epoch, 

soon become covered again by their own debris, which resulted 

from their disintegration. The ease with which these rocks 

were disintegrated and ground by the glaciers, thus augment- 

ing the amount of drift material, may account, to some extent, 

for the great thickness of the Drift deposit in that part of the 

State. 

For these reasons it is very difficult to draw a line upon the 

map of Jowa which shall indicate the exact boundaries of the 

region occupied by them, but the following description may 

approximately indicate the outlines of the area: 

Draw a line from the northeast corner to the southwest 

corner of Kossuth county; thence to the southeast corner of 

- Guthrie county; thence to the southeast corner of Cass 

county; thence to the middle of the south boundary of 

Montgomery county; thence to the middle of the north 

boundary of Pottawattamie county; thence to the middle of 

the south boundary of Woodbury county; thence to Sergeant’s 

Bluffs; thence up the banks of the Missouri and Big Sioux 

rivers to the northwest corner of the State; thence eastward 

along the State boundary to the place of beginning. 

While there are many reasons to believe that the Cretaceous 

rocks occupy all, or nearly all, of the area thus enclosed, it is 

true that over a large part of it no exposure of rock in place 

of any kind is to be seen. Consequently, the boundaries 

designated are not to be understood as precise. This is 

particularly the case in the northern two-thirds of the area, 

with the exception of that part of it bordering the Missouri 

and Big Sioux rivers. The reasons for inferring the existence 

of Cretaceous rocks beneath the Drift Deposit where they do 

dot actually appear, may be stated as follows: 

Traces of rocks of this age are found in southern Minnesota 

even farther to the eastward than any point indicated within 
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the boundary just described: and it is consequently inferred 

that the space between that point the most easterly ones in 

southwestern Iowa, was originally occupied by strata which 

were then continuous with them. Again, aS we pass westward 

from the Upper Des Moines river, the strata of older date 

than the Cretaceous, disappear beneath the surface along or 

. near the suggested eastern boundary of. the latter, and are 

seen no more in that direction, and the next rocks we find in 

place are along the western boundary of the State in the 

valleys of the Missouri and Big Sioux rivers, and are of 

Cretaceous age. 

These remarks apply particularly to the northern half of 

the area, the boundaries of which have just been given. In 

its southern portion the aggregate thickness of the Cretaceous 

strata is less, and they have been so frequently cut through 

to the underlying coal-measure strata by the streams during 

the process of the erosion of their valleys, that the borders of 

the latter formations may be traced in a very satisfactory 

manner, through a veil, as it were, of the much-eroded sand- 

stone of Cretaceous age. 

The Cretaceous rocks of the Upper Missouri river region 

have a greater aggregate thickness than rocks of that age are 

known to have in any other part of North America, and have 

been explored and ably reported upon by Messrs. Meek and 

Hayden. These gentlemen divide them into ‘“ Harlier” and 

‘‘Later Cretaceous.” The former is thought to be somewhat 

later than the earliest Cretaceous strata of Europe, and . 

probably the earliest Cretaceous rocks yet found in America 

are also later. They further subdivide their Earlier Creta- 

ceous into the ‘Dakota group,” ‘‘ Benton group,” and 

‘* Niobrara group.” 
The Cretaceous strata of Iowa have so slight a development 

in comparison with those farther up the Missouri river, that 

it is difficult to determine their stratigraphical equivalents 

with those, without actual comparison, which it has thus far 

been impossible to make. There is no doubt however that all 

the lowa Cretaceous strata belong to the ‘*‘ Earlier Cretaceous” 
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of Meek and Hayden, nor any doubt that the lowest portions 

of ours is equivalent to a part of their Dakota group. 

All the Cretaceous strata of lowa are of course a part of 

the same deposits as those farther up the Missouri river, and 

in reality, constitute their most easterly extension. Although 

they are in our State of little thickness compared with 

those, they are yet properly separable into three distinct 

subdivisions; and with no intention of superceding the 

names in their general application which those gentlemen have 

proposed for the more general subdivision of the strata 

where they are more fully developed, the following names are 

used in this report to designate the subdivisions of the 

Cretaceous strata as found in lowa. 

They are named in their natural order, the most recent 

formation first: 

| Tes petan ride go i» at IRAP ee ee 50 feet. 

imEnnTy LNG CUES AHO SHAICS Vc. ues cna e awe ncce sec usissececess 150 feet. 

DAV SIS USE Se 2 SS Ee Se ee 100 feet. 

The maximum thickness of each is given so far as known 

in lowa. 

‘Besides the following general descriptions of each of these 

three formations, more detailed descriptions will be found in 

the chapters upon the Middle Region of Western Iowa and 

Southwestern Iowa, where also sketches and diagrams are 

introduced for illustration. 

2, THE NISHNABOTANY SANDSTONE. 

This formation is found well exposed at several points in 

the valley of the East Nishnabotany river, from which 

circumstance it has received its name. It has the most 

easterly as well as the most southerly extent of any of the 

Cretacous deposits of Jowa, being found as far east as the 

southeastern part of Guthrie county, and as far south as 

the southern part of Montgomery county. To the north- 

westward it passes beneath the Woodbury sandstones and 

ae latter in turn passing beneath the Inoceramus or 
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chalky beds. It reaches a maximum thickness in Iowa, so 

far as now known, of about one hundred feet, but the 

exposures usually show a much less thickness. 

Lithologically, this formation is almost entirely a rather 

coarse-grained, friable, more or less ferruginous sandstone ; 

but in a few instances thin, irregular layers of clayey mate- 

rial are found in it. Sometimes the grains of sand of which it 

is composed, are so slightly coherent that a spade may be 

thrust into it by a strongman. Occasionally, layers of gravel 

occur intercalated with the sand, which would thus form con- 

clomerate if the pebbles were firmly cemented together. At 

Lewis, in Cass county, the sandstone contains so much brown 

oxyd of iron that it has a uniform dark-brown color. In 

some other places the iron acts as a firm cementing material 

for the grains of sand, forming hard, brown, irregular layers 

and concretions in the softer and lighter colored portions 

of the rock. Such portions have the color and general 

appearance at a little distance of brown hematite ore; in 

consequence of which, persons unacquainted with the subject 

have mistaken them for valuable deposits of iron ore. This 

has been particularly the case in Guthrie county where there 

are many exposures of the Nishnabotany sandstone, and 

where, also, the hematite seams are numerous in it. 

The pebbles contained in this sandstone, so far as yet 

observed, are all silicious, and never calcareous, although 

some of them appear to be so before being broken open. 

None of them have been found to be of granitic or metamor- 

phic origin, nor even of quartzite, but appear to have been 

derived from the chert or hornstone nodules of the older 

formations, as several species of their fossils, in a silicified 

condition, have been detected among the gravel. The genera 

Favosites, Syringopora, and Cyathophyllum have been 

recognized among these pebbles of the Nishnabotany sand- 

stone in Guthrie county, all of which were probably derived 

from the Niagara limestone as pebbles during Cretaceous 

age. 

Economic Value. In consequence of the general softness 



CRETACEOUS SYSTEM. 291 

of this sandstone, it is with few exceptions almost valueless 

for economic purposes. The most valuable quarries in the 

strata of this formation that have yet been observed, are at 

Lewis, in Cass county, and in the northeastern part of Mills 

county. At Lewis, it has a dark, brown color, and as it 

hardens considerably upon exposure, it forms a very fair 

building material, and being soft when first taken from the 

quarry, it is wrought with great facility. Several buildings 

have been constructed of it there, but the color is objectiona- 

ble for ordinary dwellings, while it would be quite in 

harmony with the Gothic architecture of small churches or 

similar buildings, for which the stone at Lewis is sufficiently 

durable, if well selected. 

The extensive denudation which this formation suffered 

during the Drift epoch, has by its sand contributed to the soil 

of that part of the State a warmth and mellowness that adds 

largely to its productiveness and facility of cultivation, 

without being sufficient in amount to cause it to approach 

barrenness. | 

Fossils. The only fossils found in the Nishnabotany 

sandstone of Iowa, thus far, are a few fragments of Angio- 

spermous leaves which are too fragmentary for identification. 

The fossil corals before mentioned are of course not properly 

fossils of this formation, as they belong to rocks from which 

a part of the materials were derived of which the Cretaceous 
strata are composed. 

3 THE WOODBURY SANDSTONES AND SHALES. 

These strata, as their name implies, are composed of 

alternating sandstones and shales, the latter being sometimes 

sandy, and sometimes clayey, with more or less calcareous 

material intermixed. They follow next in order, and rest 

upon the Nishnabotany sandstone. They have not yet been 

observed outside the limits of Woodbury county which gave 

them their name, but they are found there to reach a maxi- 

mum thickness of about one hundred and fifty feet. The 
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principal exposures of these strata are at Sergeant’s Bluff’s, 
seven miles below Sioux City, at Sioux City, and at intervals 

along the bluffs of the Big Sioux river to the northwest corner 

of the county. Near the last named point, a fine exposure of 

them is to be seen in connection with the Inoceramus, or 

chalky beds, of which a sketch may be seen in the description 

of the Geology of Woodbury county, in Part III, of this 

report. 

EHeonomic Value. A large part of the sandstone of this 

formation is impure and shaly, but some of the layers are 

firm and compact. At Sioux City, and other points, these 

hard layers are quarried for building purposes, and furnish 

the only material of that kind to be found in that part of the 

State. It is, at best, suitable only for purposes of common 

masonry. | 

At the town of Woodbury, the clayey layers are pur 

enough to use as potter’s clay for the manufacture of common 

stone pottery, an establishment for which is in operation 

there. 

At several points in Woodbury county, a distinct carbo- 

naceous band, sometimes approaching true coal in character, 

is to be seen among these strata. This has been regarded by 

many as a hopeful indication of the existence of profitable 

beds of coal in that part of the State, but after giving the 

subject as careful attention as possible, the conclusion is 

arrived at, that there is no good ground for hope that coal will 

be found in paying quantity among the strata of Cretaceous 

age in lIowa, while the known productive coal-measure 

strata probably thin out before reaching so far north as 

Sioux City. 

The position of this carbonaceous band in relation to 

the other strata, may be seen in the illustrations which 

accompany Prof. St. John’s report on Woodbury county. 

The greater part of the material of this formation is of no 

economic value. 

Fossils. Detached scales of a Lepidoganozd species have 

been detected in the strata of this formation, but no other 
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vertebrate remains. Jnoceramus problematicus is occasion- 

ally met with, and also a few other imperfect specimens of 

other Lamelliabranchiates. Of remains of vegetation, leaves 

of Salix Meekii and Sassafras Cretacewm have been occa- 

sionally found. 

4, THE INOCERAMUS BEDS. 

These beds have in all a maximum thickness in Iowa of 

about fifty feet, and rest directly upon the Woodbury sand- 

stones and shales. They have not yet been observed in 

Iowa, anywhere, except in the blufis which border the Big 

Sioux river in Woodbury and Plymouth counties. Although 

not exposed to view, they doubtless also exist in the bluffs 

that skirt the Big Sioux river all the way to the northwest 

corner of the State. 

They are composed almost entirely of calcareous material, 

but it is not true, compact limestone. This division is both 

lithologically and paleontologically more truly character- 

istic of the Cretaceous age than either of the preceding 

divisions. 

These beds, although their aggregate thickness is so little, 

may be properly subdivided into three portions. The first 

and lowest consists of fine, soft, indistinctly stratified, calca- 

reous material somewhat resembling clay, but which really 

contains very little true clay. Second, regularly and thinly 

bedded calcareous material, much of it having all the cha- 

racters of true chalk, except that the greater part of it is 

much colored with oxyd of iron which renders it unfit for 

practical use. The third and upper portion may be called a 

shaly and chalky limestone ; too hard to be called chalk 

and too chalky to be called limestone. It is, however, as is 

also nearly all of the material of the Inoceramus beds, nearly 

pure carbonate of lime. 

Economic Value. The material of the upper portion just 

referred to is used extensively for the production of lime, the 

quality of which is equal to that obtained from common 

limestone. No building material at all is to be obtained 
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from the Inoceramus beds, and the only other materials of 

any present or prospective value they possess, besides 

lime, are the marls, which in future times will probably be 

found useful upon some of the soils of the adjacent region. 

Fossils. The only vertebrate remains yet found in any of 

the Cretaceous rocks of Iowa, are those of fishes. Those 

found in the Inoceramus beds of Iowa are two species of 

Squaloid selachians, one Cestratront, (Ptychodus), and 

three undetermined genera of Teliosts. Jnoceramus proble- 

maticus is usually quite abundant. Ostrea congesta not 

unfrequent, but other molluscan remains are rare. Minute 

Forammifera (probably Globulina) are sometimes met with 

in great numbers. 
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COUNT Y“AN D REGLONAL GEOLOGY. 

Under this head those portions of the State which have 

been examined since the present organization of the State 

Geological Survey are, as far as practicable, subdivided into 

regions that have common geographical characters, for the 

purpose of facilitating their description. A general descrip- 

tion of each of these regions is followed by separate and 

more detailed descriptions of every county within it, so far as 

they have been examined. 



CHAPTER aL 

GEOLOGY OF SOUTHWESTERN IOWA. 

1. GENERAL DESCRIPTION. 

This region comprises the following fourteen counties of 

the three southern tiers, namely: Madison, Clarke, Decatur, 

Adair, Union, Ringgold, Cass, Adams, Taylor, Pottawatta- 

mie, Montgomery, Page, Mills, and Fremont. It has the 

Iowa and Missouri State line for its southern, and the 

Missouri river for its western boundary. It is about one 

hundred and fourteen miles long from east to west, and 

almost sixty-five miles wide from north to south, and contains 

more than seven thousand five hundred square miles of 

surface. 

Although the region is so large, its geology is nevertheless 

very simple; for with the exception of the presence of the 

‘southern extremity of the Cretaceous formations, exposures 

of which are occasionally seen in Cass, Montgomery, Mills, 

-and Pottawattamie counties, the whole region is occupied 

by the Upper coal-measure formation alone, a general 

description of which has been given upon previous pages. 

That is, with the exception named, this formation immedi- 

ately underlies the Drift and Bluff Deposits. These last named 

deposits, which have also been described, constitute the soil 

and subsoil of the regions they respectively occupy. 

With the exception of parts of Madison, Adair, and 

Clarke counties, the whole region is drained by tributaries 

of the Missouri river; while the other portions a a three 



GEOLOGY OF SOUTHWESTERN IOWA. 297 

counties just named are drained by tributaries of the Missis- 

sippi river. It will thus be seen that the watershed which 

divides the drainage of the two great rivers, passes through 

these three counties. The highest land in the region, however; 

is not along this watershed, but in Adair county and south- 

ward, as shown in a previous chapter. Railroad levelings 

show that the broad ridge which passes southward through 

Adair, Union, and Ringgold counties, where it constitutes one 

of the secondary watersheds only of the tributaries of the 

Missouri river, averages about‘one hundred and fifty feet 

higher than the ridge which divides the drainage of the two 

ereat rivers. It will be seen then, that this region has two 

principal surface slopes, both of which, however, are very 

gentle. One of these is to the southwestward, and the other 

a little east of southward. The first named is much the 

largest, and is drained wholly by the tributaries of the 

Missouri river, while the latter is drained by tributaries of 

both great rivers. 

The natural wealth of this region, as at present actually 

known, consists of its remarkably fertile soil, its limestone, 

its water, wood, and to a slight extent, also, of its coal. 

Besides the very small quantity of coal thus far discovered, 

there is, aS explained on previous pages, good reason to 

hope that abundant supplies of that indispensable article 

may be obtained in almost all parts of the region, by sinking 

shafts of considerable depth down to the coal-bearing forma- 

tions, which doubtless extend entirely beneath it by direct 

continuity from the region along the Des Moines valley where 

they occupy the surface. The other resources will be men- 

tioned under the head of each county, but the different kinds 

of soil being so uniform in their distinctive characters over 

large areas, sometimes comprising several counties without 

appreciable change, will be referred to further only in 

general terms, while for more specific descriptions, the reader 

is referred to the chapter on soils. In that chapter, three 

distinct kinds of soil are described,.all of which occupy 

large areas in this region, and all of which are very fertile. 
38 | 
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They are the Drift, Bluff, and Alluvial soils. The drift soil 

is much the most extensive, since it occupies almost the whole 

of the region east of the Kast Nishnabotany river. The bluff 

soil occupies the space between that river and the flood-plain 

of the Missouri river. The alluvial soil of the region is, as 

its name implies, that of the river flood-plains, principally 

that of the Missouri river. 

2. THE MISSOURI RIVER BOTTOM. 
z 

The great “bottom,” or flood-plain vf the Missouri is so 

important, and so different from all other regions in the 

State, that before proceeding to the separate description of 

counties a general account of these alluvial lands will be 

given. To make the description of these lands more 

complete, the whole alluvial plain of the Missouri river will 

be here discussed, so far as it forms a part of the surface of 

our State, which even then will, of course, be understood to 

comprise only a small part of the whole flood-plain of the 

great river. Much the greater part of the flood-plain of that 

portion of the river which borders upon lowa, is upon the 

Iowa side, and is continuous from the south boundary line 

of the State to Sioux City, a distance of more than one 

hundred and thirty miles. The river frequently runs near the 

foot of the bluffs on the western or Nebraska side, but it does 

so nowhere on the Iowa side, between the two points just 

designated. On our side, the flood-plain varies from three to 

twelve miles in width between the bluffs and the river. At 

Sioux City, the bluffs rise directly from the bank of the 

river, and as the latter bends away to the westward at this 

point, and ceases to be the western boundary of the State, 

the great flood-plain ends abruptly upon the Iowa side, just 

below that city. 

This alluvial plain is roughly estimated to contain more 

than half a million acres of land within the State of Iowa; 

upward of four hundred thousand acres of which are now 

tillable, or may be readily reclaimed to cultivation with little 
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labor. When reclaimed and protected, these lands will rank 

among the most durable and productive in the State. 

The whole valley of the Missouri river, so far as it forms 

the western border of lowa, is approximately a flat plain 

from the borders, of which the blufis rise abruptly on either 

side to the height of from one hundred and fifty to near three 

hundred feet. It has the same average slope to the south- 

ward that the river has. The greatest inequalities of its 

surface have been occasioned by the action of the river 

currents at high water, and amount at most to only a few 

feet variation from the general level of the plain. The process 

of erosion of the valley down to its present level has been 

continuous from the earliest part of the Terrace epoch, during 

which time the channel has repeatedly occupied every part of 

its valley by vibrating from side to side, gradually occupying 

lower and lower levels also, as the valley deepened. The 

greater part of the depth of the valley along the border of 

Towa has been cut through the Bluff Deposit alone, which has 

‘been before described, and as the valley was deepened, bluffs 

of this ancient deposit of the same muddy river were left 

bordering the subsequently made valley upon either side. 

The depth to which the erosion by the river current has 

extended, is not alone that from the general level of the 

uplands to the level of the flood-plain; but its channel has, in 

many places at least, been cut much deeper even than the 

usual average depth of the water in the channel. This is 

well shown to be the case wherever artificial excavations have 

been made in the flood-plain, in which all the material 

reached is readily recognized as alluvial. Itis thought that 

the strong current of the river has caused these deep excava- 

tions in some places, and that they have been refilled by the 

shifting of its channel. It does not seem necessary to infer 

from these phenomena that the excavations were made by the 

current when the land occupied a higher level, and that the 

refilling resulted from a subsidence afterward. Evidences of 

similar erosion beneath the usual depth of the channel of all 

our smaller rivers and even of the creeks are not uncommon. 
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Gen. G. M. Dodge, formerly chief engineer of the Union 

Pacific Railway, informs me that in excavating for the piers 

of the railroad bridge across the Missouri river at Council 

Bluffs, it was necessary to go to the depth of seventy-two feet 

below the level of ordinary low water to reach the undisturbed 

strata. No opportunity was had of examining the material 

thrown out of these excavations; but from descriptions given 

by others and the finding there of some of the coniferous 

wood so common in the drift, it is inferred that this depth of 

excavation into the strata may have resulted, at least in part, 

by glacial, and not by fluvatile action. 

The Missouri river is now, as it has doubtless been from 

the beginning, one of the muddiest of streams, and the 

constant accession of the same kind of sediment that it had 

itself’ deposited as bluff material in the ancient lake, 

communicated much the same character to the soil of the 

flood-plain during the whole time that the valley was in 

process of erosion, that we now find it to possess. Its soil is 

generally similar in character to that of the Bluff Deposit, 

especially that portion of it which is reached only by the 

highest floods of the river, for the sediment now obtained 

from its waters has nearly the same physical and similar 

chemical characters as that which composes the bluffs. This 

may be seen by comparing the results of analyses of each in 

Prof. Emery’s report on another page. 

In many places, however, the soil of the flood-plain 

contains more sand, but barren sandy places are not of 

frequent occurrence, certainly not so frequent as they are 

upon the flood-plain of the Mississippi river. The presence 

of the sand is partly due to its transportation by the river 

from regions farther towards its source, and partly to the 

fact that the valley has been cut entirely through the Bluff 

Deposit and to a considerable depth into the Drift Deposit 

upon which the former rests, and which always contains more 

or less sand. 

The inequalities of the surface, before mentioned, having 

been caused by river currents, they are consequently in the 
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form of longitudinal ridges and parallel depressions, having 

the same general direction which the currents had that 

caused them. These ridges are not such in the strict sense of 

the word, but are comparatively broad, flat spaces between 

the shallow depressions. Some of the latter even now serve 

as auxiliary channels for carrying off the water in times of 

flood, a part of which remain as shallow ponds at other 

times, but the majority become dry as soon as the floods are 

gone. None of these depressions are really parts of ancient 

beds of the main channel, and now remain quite beyond the 

reach of the highest floods, being filled at all times with 

comparatively pure water, and stocked with fish. Such a one 

exists at the foot of the bluffs, just above the point where 

Soldier river enters the flood-plain. This one we sounded in 

company with Mr. Solomon J. Smith, the owner of the land 

upon. which it is located, and found it at one point to 

measure more than thirty feet deep, which is estimated to be 

about fifteen feet deeper than the surface of the Missouri river 

at low water, the channel of which is now eight miles away to 

the westward. As one stands upon the adjacent bluffs he is 

able to trace by the eye great numbers of these longitudinal 

depressions that are too shallow and indistinct to attract 

attention while he is passing over them. These, together 

with those previously mentioned, are all evidences, if farther 

evidence were necessary, of the former occupancy of every 

part of the plain by the river, but it must be remembered that 

the greater part of that portion of the flood-plain which lies 

in Iowa is not now reached by the highest floods of the great 

river.* 

It should be remarked that some of the longitudinal 

depressions before referred to, have been caused, not by the 

main or accessory channels of the Missouri river itself, but 

by those of such of its tributaries as enter its flood-plain on 

*The term, flood-plain, as bere used, is a common term to designate flat-lands 

_ that border all rivers, and owe their origin to the action of the former floods in the 

process of eroding their valleys. Some of such lands may be, and often are, much 

above the reach of present floods. 
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their way to its own channel. These tributary channels have 

themselves shifted their locations from time to time, and even 

now much of the flooding which the great plain suffers is 

caused, not by the waters of the great river itself, but by 

those of the tributaries which they bring down abundantly 
from the western drainage slope of the State in rainy seasons. 

It is true that the rise of water in the great river above, floods 

thousands of acres of land, but there are other thousands of 

acres which the highest floods of the principal stream do not 

reach, and yet they are occasionally flooded by the tributaries 

as they pour their waters down upon the great flood-plain. It 

is especially these last named lands that may be reclaimed, 

and in the further description of the physical features of this 

flood-plain, a practical plan will be suggested for the attain- 

ment of this important object. 
At or near the foot of the bluffs along a great part of the 

whole length of the flood-plain in Iowa, there are remains to 

be seen of an abandoned bed of the river channel, more 

definite than those before mentioned which are seen to 

traverse it. No doubt the river coursed along this now aban- 

doned route several times during the long epoch that elapsed 

while the valley was being formed, but the traces of the 

channel that now exist there are doubtless those of the last 

which the great river occupied there before it finally bore 

away to the westward, leaving the greater part of the flood- 

plain on the Iowa side, as it now exists. In Woodbury 

county, above the point where the west fork of the Little Sioux 

river comes through the bluff, these remains of the ancient 

river bed consist of a series of ponds. From that pvuint 

southward, the west fork of the Little Sioux itself occupies 

the ancient bed of the great river, until it forms its junction 

with the principal branch of the Little Sioux, where the 

waters of both branches occupy it until they are joined by 

the Maple, all the time coursing along the base of the bluffs. 

From the last named point the waters of these united 

streams reach the great river by a common channel, which 
courses obliquely across the flood-plain and empties into 
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it at a point nearly fifty miles below Sioux City, between 

which two points no other stream reaches the great river 

on the eastern side. When the Missouri river coursed along 

the Iowa side of its flood-plain, however, the West Fork, 

Little Sioux, and Maple rivers all emptied directly into it 

as separate streams, within the same distance. Below the 

confluence of the Little Sioux and Maple rivers the remains 

of the ancient bed of the Missouri before referred to, are seen 

again as a series of ponds and marshes along the base of 

the bluffs. Similar traces are also frequently to be seen in 

similar positions at intervals all the way to the south 

boundary of the State, but all the streams that enter the 

flood-plain from the uplands, southward from Maple river, 

cross the plain and reach the great river by separate channels. 

The drainage area of the Nishnabotany river, extending as 

it does so far to the northward, and so nearly parallel with the 

Missouri, cuts off a considerable area that would otherwise 

be drained directly into the last named river by smaller 

tributaries. In consequence of this, for a distance of more 

than thirty miles northward from the southern boundary 

of the State, no stream crosses the flood-plain from the bluffs 

to the great river. We see then that the numerous streams 

which collect the waters from the western drainage slope 

of the State, only six of them cross the flood-plain independ- 

ently, and that these cross it within the middle fifty miles 

of the one hundred and thirty miles of its entire length 

in lowa. These streams are the Keg, Mosquito, Pigeon, 

Boyer, Soldier, and Little Sioux. 

These are the streams which bring down the greater part of 

the tributary floods upon the great flood-plain, and if their 

waters were controlled and passed by direct channels without 

obstruction to the Missouri river, the complete reclaimation 

of thousands of acres of the best lands in Iowa would be 

thereby effected. Such a work is quite practicable, but it is 

one of such magnitude and importance that it will require 

combined effort for its accomplishment, and if ever accom- 

plished, must necessarily be done upon a systematic plan. 
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For the reason that each of these streams pours its waters 

upon that portion of the great flood-plain which lies below 

it, the work of reclaimation should be commenced by first 

controlling the currents of the uppermost or most northerly 

streams that reach the plain from the uplands; as, for 

example, the Little Sioux and its branches. Afterwards the 

currents of all the streams. should be successively controlled 

that reach the flood-plain below. 

It is believed that this great improvement may be effec- 

tually accomplished by merely straightening the present 

channels, preserving their full width and depth, and raising 

a slight embankment upon their shores. 

Those lands which are now flooded by the tributaries being 

thus reclaimed, a large part also of those that are now flooded 

by the great river, might be reclaimed by building dykes or 

levees upon or near its own banks, such as are constructed 

for the same purpose along some portions of the Lower 

Mississippi. This is, no doubt, quite practicable, but whether 

that part of the work is ever done or not, it is essential 

that the waters of the tributaries should be controlled as 

soon as they reach the flood-plain. This work alone will 

reclaim much land that is now periodically flooded, the 

greater part of which is, but for this circumstance, among the 

best land in the State. With both these systems of improve- 

ment accomplished, there would probably not be a more 

productive and valuable region of equal area in the 

world than this. The amount of labor necessary to 

accomplish such results, although really very great, is 

insignificant when compared with the interest involved, and 

also with what has been done upon similar works in other 

parts of the world. 

The practicability and value of such a work is even now 

plainly indicated by the effect incidentally produced by the 

embankments of the Sioux City and Pacific, and the Council 

Bluffs and St. Joseph railroads. There are hundreds of 

acres upon the east side of these embankments that were | 

formerly flooded by high water of the Missouririver, that are > 
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now tillable and secure from any flood in consequence of the 

interposition of, and the protection afforded by these 

embankments, although they were constructed for an entirely 

different purpose. 

From the frequent use of the term “ flood-plain” and from 

these suggestions of improvement, it must not be inferred that 

the great flood-plain of the Missouri river in Iowa 1s at present 

an unoccupied and unimportant region. On the contrary, a 

very large part of its surface is as beautiful and productive 

farming land as human eyes ever rested upon, and such parts 

being naturally secure from any floods are preferred by many 

farmers to the best of the uplands. The proportion of the 

surface of the flood-plain that is thus secure without artificial 

protectionis quite large, and the region is even now one of fine 

farms, pleasant villages, well built school-houses and churches; 

and finally, of two well built and well stocked railroads, 

which together form a continuous line through its entire 

length of one hundred and thirty miles, besides two others 

which cross it from east to west. 

3. MADISON COUNTY. 

Boundaries and Area. This county is the most northerly 

one of those which comprise the region designated as south- 

western lowa. It is bounded on the north, east, and west 

respectively by Dallas, Warren and Adair counties, and on 

the south by Clarke and Decaturcounties. Itcontains sixteen 

congressional townships,* four eastward and westward and 

four northward and southward. If its linear: survey had 

been accurately made it would consequently contain five 

hundred and seventy-six square miles, or three hundred and 

sixty-eight thousand six hundred and forty acres; but in 

consequence of the inaccuracy before referred to, especially 

in its northeastern township, it really contains a little more. 

Drainage and Surface Characters. The greater part of 

this county is drained by three streams that have been 

*See descriptions of linear surveys in Appendix. 

39 
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popularly called the “three rivers,” their separate names 

being the North, Middle, and South rivers. The remainder is 

drained by a few small tributaries of Raccoon river which 

reach within its northern border, and also by an upper 

branch of Grand river which cuts across its southwestern 

corner. The latter stream is a tributary of the Missouri, 
while all the others are drained into the Mississippi. It 

will thus be seen that the watershed of these two great 

rivers passes through the southwestern corner of this county. 

The numerous streams of Madison county, together with 

their tributaries, make it one of the best watered counties in 

the State; besides which, springs are numerous along the 

valleys, and excellent water also may be obtained almost any 

where by digging wells of moderate depth. The rapid slope 

and rocky beds of these streams render them peculiarly 

valuable for water-power, and a large number of costly mills 

have already been erected upon them. 

The surface of this country may be divided into two 

separate parts for convenience of description, each part 

possessing its own peculiarities, which are derived from the 

two formations that respectively underlie them. The first 

consists of a high prairie surface with comparatively slight 

undulations, the streams which traverse it having cut their 

valleys down deeply and abruptly through the strata beneath; 

the uplands ending abruptly on either side of the valleys. 

These are the strata of the Upper coal-measures and are 

abundantly exposed along the steep valley-sides. The 

surface of the second part has a lower general level and is 

usually gently undulating. The valley-sides are seldom 

steep, and rocking bluffs are entirely wanting. This is 

because the underlying Middle coal-measure strata contain so 

few hard and durable layers of rock. Consequently, they 

present no bold fronts where the streams in deepening their 

valleys, have cut through them. 

The cause of this difference in the character of the surface, 

it will thus beseen, arises from the difference in the resistance 

which the two formations have respectively presented to 
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erosive action, both that which occurred during the Glacial 

epoch, and that which resulted from ordinary meteorological 

agencies in connection with the drainage while subsequently 

forming the valleys. By a glance at the following sections of 

strata in this county, it will be seen that those referred to the 

Middle coal-measures, are nearly all of such a character as to 

have yielded readily to the erosive action to which they have 

been subjected in common with others that elsewhere occu- 

pied the surface, and the resulting inequalities of surface are 

consequently more gentle than they are where firmer mate- 

rials have been subjected to the same process. It will 

also be seen that the strata referred to the Upper coal- 

measures are in great part limestones, which are so firm that 

they have yielded far less to the mechanical erosion of the 

drift agencies than others have, but have nevertheless, yielded 

completely to the action of the streams. This, however, is 

probably accomplished by a process of solution, to a great 

extent, rather than by the mere mechanical attrition produced 

by running water. 

One may obtain an opportunity to appreciate quite fully 

the difference in the surface-characteristics of the two forma- 

tions mentioned, by going up the valley of Middle river, 

starting from the east boundary of the county. For the first 

eight or ten miles he finds the valley-sides gently sloping to 

the stream on each side; but he then comes suddenly upon 

the border of the Upper coal-measure formation, as is shown 

by the bold bluff exposures of its limestone strata in the 

valley-sides. Within a few miles further he finds himself in 

a narrow valley, more than two hundred feet deep, and 

bordered on each side by limestone bluffs. This character 

continues along the same valley as far as the west boundary 

of the county. 

The deep erosion of these streams into the limestone strata 

sometimes ends quite abruptly, as is seen in the valley of 

Clanton’s fork of Middle river, which, at the village of Peru, 

it is upward of two hundred feet deep, having cut its way 

down through more than one hundred feet in vertical 



308 COUNTY AND REGIONAL GEOLOGY. 

thickness of limestone, yet within five miles further up the same 
valley, the stream is a mere prairie creek, with gently sloping 

valley-sides, composed of drift alone; and yet there are no 

definite falls in the whole course of the stream. This deep 
erosion of the limestone strata is quite characteristic of all 

the streams that traverse the Upper coal-measure formation 

in this county, as is well shown in the valleys of South and 

North rivers, as well as in those of the two rivers before 

referred to. This is doubtless largely due to the fact that 

their drainage is in an opposite direction from the dip of the 

strata, and that the limstones are intercalated and underlaid 

by softer strata, so that they are readily undermined by the 
action of running water. 

Geology. Madison county, as already mentioned, is under- 

laid by the Upper and Middle coal-measure formations. The 

Upper occupies much of the largest part of the area, and 

is much the most conspicuous in the characters it presents 

for observation. Indeed the most important and interesting 

exposures of this formation to be found in the State, are 

found in Madison county. The Middle coal-measures occupy 

the northeastern township of the county exclusively, as well 

as the one also that lies immediately south of it, besides 

considerable portions of the townships adjoining them upon 

the west and south. Besides this they are to be occasionally 

seen in the valleys of the larger streams as far westward 

as the middle of the county. 

The sections which follow, will give an idea of the character 

of the strata that underlie the county as far as they are 

accessible from the surface. The section measured in the 

valley sides of Middle river near Winterset, is so complete 

and extensive that the lithograph illustration of it has been 

used for purposes of general comparison in the chapter on 

the Upper coal-measure formation. The reader is referred to 

that as well as to the description of it which is repeated here. 

Section at Winterset. 

16. Thin bedded, yellowish-gray limestone .............s+eeee. 1 foot. 

15. Fossiliferous, marly clay ........ Ber Acs, leu alae ei Te Mai Ne 4 feet. 
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Pf Massive: Heht, rray: Gnesi Ones. ee 4. 2.34 n- 8 ada bee ad oes 6 feet. 

13. Compact, regularly bedded limestone with marly partings... 12 feet. 

712. Black. fissile, earhonaceous shitle 2225-505 -- ssi 0 ace cten ace 2 feet. 

11. Compact, regularly bedded limestone, with marly partings... 34 feet. 

10. Black, fissile, carbonaceous shale. ... -.. 2S... 2222s ene sees 216 feet. 

9. Grayish limestones, often silicious and impure.............. 15 _— feet. 

S Compact, heavy bedded dmmestone. ...... 5.22. sete ence eee: @ Seb: 

7. Grayish limestones, sometimes finely arenaceous, and often 

CUED 22 2 Bt cE ate i Se SE ee eee 1614 feet 

o. LED EG) Aer a eee eae 1g foot 

fe PSUS Moe Ce | ae ee 2 feeb, 

4. Light bluish, concretionary and fragmentary limestone...... 5 feet. 

epee aR ERERe LVIGP OMNIS OURS oe wn oot ws ae wl o es uct oe socceass 6 feet. 

2. Fine grained shaly sandstone and sandy shales.............. 71 ~— feet. 

© Bloisis, siialy ampere Panesiene oo oo yee = oe eee ee ne 114 feet. 

17 See ee ne A Se oe Soe a 181 feet. 

No. 1, of this section, belongs to the Middle coal-measures; 

all the remainder, to the Upper coal-measures. The locality 

thus receives additional interest from the fact that it exhibits 

the junction between the two formations. Deducting No. 1, 

we have remaining nearly one hundred and eighty feet in 

vertical thickness of Upper coal-measure strata, and yet this 

locality is only ten miles from the thinned-out edge of the 

formation. 

Going northward about the same distance from the place 

where the foregoing section was measured, we come upon the 

extreme northern border of the Upper coal-measures and find 

their last exposures in that direction in the banks of the 

north fork of North river. In such a position on section 25, 

township 77, range 28, the accompanying section represented 

by Fig. 15, was measured, the land belonging to Mr. George 

Clarke. 
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Fie. 15. 

Section at Clarke's. 

No, 6. "(Sandy shales aii, ieee ec ae ee Lee eee eRe ees 32 feet. 

No. 5. Bluish, impure, shaly limestone, sometimes compact.... ... 2 feet. 

No, 4, Black carbonaceous'shale .\9¢ iho. ti. 6a. oes en emer ene 3 feet. 

No:48,*) Bluishargillaccous shale? 2. 2 ems. .eeece. shee chee ee eee 14 feet 

Now 2.0 Coal mie Eves eer cee ee B ae ete eee recite. me 2 feet 

INO. 1. ime-Clay <<a eiuene citone ele le lce nlele ai eleielee eee eieteie (a ee 1 foot 

otal sos eekids cyoroegie ne ede p: eer eeeee eee CEbe ee ee 54 feet 

No. 6 of this section is the same bed as No. 2 of the 

preceding one, measured near Winterset, and is the lowest 

member of the Upper ccal-measure formation, while all the 

other members of the section at Clarke’s belong to the Middle 

coal-measures. No.5 of this section is the same as No. 1 of 

the section near Winterset, and the lower member seen at 

Clarke’s, may no doubt be found at only slight depth beneath 

the bed of Middle river, near Winterset. 
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At Anderson’s mill on Clanton’s branch of Middle river, in 

the eastern part of Madison county, Fic. 16. 

an exposure of strata was found which 

is represented by Fig. 16, and is 

evidently equivalent to that part of 

the section at Clarke’s, from one to 

five inclusive, yet the different beds 24=======seemmrmeees.’, 

are more subdivided. 

Section at Anderson's Mill. 

No. 8. Bluish shale with ferruginous concretions................ 4 feet. 

ae (ae eis Mane TEMCSEOME 5.368 6/50 Sebi S ein, o nee psje oie ten 6 © 1¥ feet. 

NMGgee Ove ms UUN SI SHA Clea angus tase cieieie ois deme wee <= mnie wise d's + 2 56 Lg foot. 

Bon Web Ke CAN DOMACCOWS SINAC. ssiaae ate Sinisis oes ier ems risie cess © ly foot. 

DNS aeRO OA Pee ue TRS N fete wicldiabsl care w/e dine eeeiy elt le» Ge biw ge «2% ly foot. 

Mowat: Jlisheenmiamly shale see. lok thd Seid emt asbeliels sche lwls alelb i & Bh) teer: 

one ee OGalany. te Nat TER aside otras cided sd Hy widest ae pales fs 3% foot. 

oust. black coaly, fossiliferous Shaler. <i. of. cia’ 4-2 sce a © Yy foot. 

The band of impure limestone, No. 7, is, no doubt, equiva- 

lent to No. 2 of the Winterset section, and to No. 5 of the 

section at Clarke’s. This being the case, it will be seen that 

the coal horizon, represented in those two sections, becomes 

subdivided into thin seams in the eastern part of the county, 

while it reaches its greatest development, so far as yet 

ascertained, in the northern part of the county. Within a 

couple of miles northward from Anderson’s mill, a seam of 

coal has been mined by stripping, which is no doubt the same 

as one of those given in the Anderson’s mill section, but the 

associated seam was not observed there. The seam mined 

there is only about nine inches thick. 

There are numerous other exposures of strata in different 

parts of the county, but the foregoing are sufficient to give 

the whole vertical range of those yet observed. Doubtless, 

still lower strata than any here represented, occupy the 

surface immediately beneath the drift in the northeastern 

part of the county, but being soft or friable they have not 

been exposed, or if so, have again become covered by their 

own debris. 
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Economic fesources. The mineral resources at present 
accessible in Madison county, consists almost entirely of its 

stone. In this respect, it has few equals among the counties 

of the State, and it probably possesses more accessible 

material of this kind than all the other thirteen counties, 

enumerated in a former chapter under the head of South- 

western Iowa, except Clarke and Decatur counties. 

By reference again to the sections of the strata of this 

county, already given, it will be seen that those which are 

referred to the Middle coal-measures are almost destitute of 

stone that is suitable for even the most common building 

purposes. Consequently, in that part of the county occupied 

by that formation alone. Such material is scarce; but the 

case is far different in the other portions of the county, as 

may be seen by referring to the strata represented by the 

upper and middle portions of the Winterset section. The 

majority of these strata, it will be seen, are limestone. Those 

represented by the numbers from eleven to seventeen, inclusive, 

are much more frequently exposed than any of the others, 

and from these the greatest abundance of stone may be 

obtained. All of it is suitable for lime, and nearly all, for 

purposes of common masonry ; but some of the beds also 

furnish excellent stone for dressing. Some fine stone for the 

latter purpose may be obtained in the valley of Middle river, 

in the western part of the county, but it is in the immediate 

vicinity of Winterset that the finest stone for dressing has 

yet been observed. No. 14 of the section there furnishes the 

best quality, and being near the top of the valley-sides with 

only slight depth of other material above it, is quarried with 

comparative facility. The stone of this bed is in massive 

layers, having an aggregate thickness of about six feet. It 

is light-gray in color, yields readily to the workman’s tools, 

being uniform in texture, and endures exposure to the atmos- 

phere and frost without damage. 3 

Considerable quantities of this stone have been quarried 

and used in the town of Winterset and its vicinity; and the 

finer qualities of it have in some cases been carried as far as 
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the city of Des Moines. Many new quarries may, without 

doubt, be opened in this bed in the vicinity of Winterset, and 

when railroads shall be built through this county, it will be in 

good demand all along the lines of such roads. It will be in 

especial demand in all those counties that are adjacent to 

Madison, to the southward and westward. 

Common stone is so abundant in the greater part of this 

county, that there will never be any lack of such material for 

all necessary houses and outbuildings, the construction of 

roads and bridges, the walling of wells and embankments; 

and yet, the stone being exposed principally in the valleys, 

the greater part of the surface is so unbroken and unobstructed 

that it is tillable without difficulty. 

The clay represented by No. 3, of the Winterset section, 

and which may be seen near the top of the high bank at the 

ford two miles south of Winterset, may probably serve a 

good purpose for common pottery, but potter’s clay of the 

best quality has not yet been observed in this county. 

Good brick clays are to be obtained in many parts, but 

they are usually most accessible along the approaches to the 

valley-sides where the soil is thin. 

It is worthy of remark, in passing, that the material found 

among the Upper coal-measure strata of Madison and other 

counties, and popularly called “slate,” is not true slate, but 

the black, fissile, carbonaceous shale represented by numbers 

ten and twelve of the Winterset section. It splits readily into 

thin layers of uniform thickness, in which condition it closely 

resembles sheets of roofing slate, but it is practically worth- 

less, as it soon exfoliates and decomposes upon exposure to 

the weather. | 

Coal. By turning again to the sections on the previous 

pages, which represent all the strata exposed in Madison 

county, it will be seen that with the exception of the compara- 

tively thin bed of coal in the valley of North Branch, and its 

representative near Anderson’s mill, inthe eastern part of the 

county, there is no other in the whole series worthy of the 

name of a bed of coal. It has been shown, however, that the 
40 
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principal beds of coal in the State lie within a series of strata 

that belong entirely beneath all those to be found exposed in 

this county. Therefore, all the coal of any importance that 

may yet be found within its limits, must be sought for by 

sinking shafts to a considerable depth beneath the surface. 

As all the strata lie in a comparatively horizontal position, 

and do not conform to the inequalities of surface, it will 

readily be seen that much useless labor will be saved by 

commencing such enterprises in the valleys. Thus, for 

example, if the people of Winterset should desire to commence 

such a work they would save more than two hundred feet of 

digging by commencing in the bottom of the valley of Middle 

river, rather than upon the general surface upon which the 

town is located. 
The most important practical question that presents itself 

just here is, how deep must we go in this county to find a 

good bed of coal? This question cannot be answered with 

certainty without actual trial, nor can it be said with certainty 

that any profitable bed of coal will be found if such shafts 

are sunk there. There are, however, excellent general 

reasons for inferring that one or more profitable beds of coal 

may thus be found, and none why they should not be, all 

of which have been explained on previous pages. For 

example, at Compton’s mill, near Winterset, the upper strata 

of the Middle coal-measures appear in the bottom of the 

valley. This formation, Prof. St. John has shown in his 

report to be about two hundred feet thick in the counties 

northward, and also that it contains three or four thin beds 

of coal, all of which are probably too thin for profitable 

mining at any considerable depth. The Lower coal-measure 

formation doubtless exists in this county beneath the Middle 

and Upper, but its own upper strata are probably at least 

two hundred feet beneath the bottom of the valley at Winter- 

set. Since the Lower coal-measures contain all the thickest 

and best beds of coal it may be expected that shafts sunk 

in the bottom of Middle river valley would have to reach 

a depth of at least two hundred feet before a bed of coal will 
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be found of sufficent thickness for profitable mining. Several 

thin and profitless beds of coal would probably be passed 

through within the first two hundred feet. It is thought 

that the Sub-carboniferous limestone may be reached there at 

a depth not exceeding five hundred feet, when of course 

all further work should be stopped, as it is useless to look 

for coal beneath or within that limestone formation. Thus it 

will be seen that a limestone formation both underlies and © 

overlies the coal formations. 

Since all the strata rise gently and gradually to the east- 

ward and northward, or rather the dip being in the opposite 

directions, the lower ones of course come nearer the surface 

in the eastern and northern parts of the county, and conse- 

quently shafts of less depth would reach them from the 

‘surface there. Therefore the Lower coal-measure strata, and 

perhaps its bed of coal, may be reached at a less depth there 

than elsewhere in the county. 

Such enterprises, if undertaken in Madison county, should 

be watched with the greatest interest, because its success 

would give additional confidence to those who may desire to 

commence similar enterprises farther westward and south- 

ward, and would tend to hasten the solution of the problem 

of future supplies of coal in southwestern Iowa. 

As before stated, coal has already been found, and even 

mined at a few points in this county, but all the coal thus far 

discovered belongs to the thin beds of the Middle coal-mea- 

sures before referred to, or to the thin seam represented by 

No. 6,in the Winterset section. The former come to the 

surface in the northern and eastern parts of the county, as 

before explained. The thickest bed of coal yet found in the 

county, is that at Mr. Clarke’s bank, on North Branch, which 

is reported to be at one point two and one-half feet thick, but 

it is usually less. 

The same bed, but probably much thinner, may doubtless 

be found within a few feet beneath the water level below 

Compton’s mill, one and a half miles from Winterset, and 

also on land of Mr. McKnight, a mile or two below. On land 
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of Mr. Cox, one and half miles east of Winterset, a thin bed 

of coal has been opened, which seems to belong to the horizon 

of No. 6 of the Winterset section. It is probably too thin to 

be of any value. 

At Anderson’s mill, on Clanton’s fork of Middle river, near 

the east line of the county, and also at several other points in 

the same township, a thin bed of coal, belonging evidently to 

the same horizon as that at Clarke’s, has been mined by 

stripping; but being only a few inches in thickness it cannot 

be profitably mined where the overlying material is more 

than a few feet in thickness. The quality of the coal, 

however, like that of the majority of the thin beds everywhere 

is very good. 

It will thus be seen that the only hope of a sufficient supply 

of coal for Madison county lies incomparatively deep mining. 

The abundant growth of forest trees along the valleys of 

this county afford a plentiful supply of fuel, notwithstanding 

the present scarcity of coal, and so rapid is the growth of 

trees that in this county it is found desirable to check, rather 

than to encourage their encroachment upon the prairies. 

Water is abundant from all the usual sources, namely, 

numerous streams and springs in their valleys, and surface 

water which may be reached almost anywhere by wells of 

moderate depth. | 

The soil of the county is a deep rich loam, not surpassed . 

for fertility by that of any county in the State. The general 

aspect of Madison county is one of unusual beauty. The 

monotony which often accompanies prairie views is here 

completely relieved by gentle undulations of the general 

surface and by the deep wooded valley-sides of its larger 

streams. 

4, CLARKE COUNTY.* 

Boundaries and Area. Clarke county is bounded on the 

east south and west respectively by Lucas, Decatur, and 

*This county, for want of time, has not been as fully examined as others. 
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Union counties, and upon the north by Madison and Warren 

counties. Like the majority of the counties of the second 

tier, from the south boundary of the State, it is in the form of 

a parallelogram, eighteen miles wide from north to south 

and twenty-four miles long from east to west. Consequently, 

it contains four hundred and thirty-two square miles, or two 

hundred and seventy-six thousand four hundred and eighty 
Acres. 

Drainage and Surface Characters. Clarke county lies 
directly upon the Great Watershed, which passes through 

it from its eastern to its western boundary. It enters the 

borders of the county. a little southward from its north- 

western corner, and by a broad southward curve it leaves 

it at a point a little north of the southeastern corner, so 

dividing the county that nearly two-thirds of its surface 

is drained by the tributaries of the Mississippi and the 

remainder by those of the Missouri. 

The greater part of the surface of Clarke county is more 

or less undulating or rolling prairie, but there are conside- 

rable bodies of woodland along the valleys of Long, White- 

Breast, Otter and Squaw Creeks. The valleys of this county 

are those of the forenamed creeks alone, except those of 

smaller upper branches which are mere depressions in the 

deep Drift Deposit. The streams themselves, although quite 

sufficient to water the county well, are too small to furnish 

much good water-power. | 

Geology. The Upper coal-measure formation alone under- 

lies the surface of Clarke county immediately beneath the 

drift. The exposures are almost wholly of the limestone 

strata of that formation, and are consequently very uniform 

in their general character. The stone is its usual gray lime- 

stone with occasional layers and partings of calcareous clay. 

The principal, and indeed almost the only exposures of 

strata, are in the valleys of the creeks just mentioned, 

namely, Squaw, Otter, White-Breast, and Long Creeks. 

Economic Resources. Sufficient quantities of limestone are 

obtained from the exposures before named to meet the wants 
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of the inhabitants for all purposes for which common stone 

is used, and also for lime. An excellent quality of the 

latter may be prepared from almost all the stone found in 

the county. The other resources, so far as at present known 

or developed, are its moderate supplies of wood-fuel and 

its universally fertile soil. 

According to the views expressed in another part of this 

report in relation to the relative position of the coal-bearing 

strata, it may be reasonably hoped that coal may be dis- 

covered in almost any part of Clarke county by deep mining. 

5. DECATUR COUNTY. 

Boundaries and Area. Decatur county is the most south- 

easterly one of those grouped under the designation of 

Southwestern Iowa. It is bounded on the north, east, and 

west respectively by Clarke, Wayne, and Ringgold counties, 

and on the south by the southern boundary of the State. Its 

outline is nearly that of an equilateral parallelogram, being 

twenty-four miles from its eastern to its western boundary, 

and a little more than twenty-two miles from north to south. 

Consequently, it contains about five hundred and thirty square 

miles, or about three hundred and thirty-nine thousand, two 

hundred acres. 

Drainage and Surface Characters. The surface of Decatur 

county possesses greater diversity than the average of south- 

western Iowa. This diversity is produced both by the 

considerable depth of its valleys, and by the unusual propor- 

tion of woodland. The latter feature of its surface is all the 

‘more striking from the fact that the surfaces of the two 

counties adjoining, upon the east and west are almost wholly 

prairie. 

By referring to the sections farther on, which illustrate the 

exposed strata of this county, it will be seen that a 

considerable proportion of them are of a shaly and clayey 

character, such as would yield readily to disintegration and 

erosion. This lithological character of its strata has pro- 

duced its effect upon the physical features of the suriace in 
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and near the valleys. As one travels along the valleys of 

the creeks he not unfrequently meets with spaces of conside- 

rable length, sometimes amounting to a quarter of a mile, 

where the water is without apparent current. At such places, 

it often has a width many times that of the same creek where 

it flows with the ordinary current, and he can hardly believe 

that it is not arrested by a mill-dam, or some other artificial 

obstruction. 

These, however, are natural features and are caused by the 

almost perfectly horizontal position of the strata and their 

alternations of clayey shale and limestone, before mentioned. 

The strata are so nearly level that when the current has 

swept out the soft shale, the firm layer of limestone beneath 

it serves as an unyielding bed to the stream which will 

not allow of the further deepening of its bed, and is only 

swept clean by every flood. When that stratum of limestone 

is finally passed over by the creek, and another soft layer 

Is reached and swept out, another limestone floor is left 

which supports its still pond of water of greater or less 

extent as before described. These features are particularly 

characteristic of Elk creek and both of its branches. 

Again, along some of the larger valleys of the county, 

although no rocks may appear in view, the presence there 

beneath the surface of the valley-sides of the alternating 

strata before mentioned, is apparent in the alternate widening 

and narrowing, and by other characters of the flood-plains. 

These are sometimes quite out of ordinary proportion to the 

size of the streams. Their soil in such cases is usually 

clayey, instead of sandy, as is commonly the case with the 

soil of flood-plains, the clay being evidently derived from the 

clayey strata before mentioned, and the presence of the latter 

is also the cause of the variable width of the flood-plains. 

These peculiar features of the valleys although occasionally 

recognised in those of the creeks or smaller streams of the 

county, are quite conspicuous along the valley of Grand 

river, paiticularly in that part of it which lies between the 

mouth of Elk creek and the State boundary. MHere the 
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flood-plain is broad and flat, with a rich, deep, clayey soil, and 

being so nearly level it presents a strong contrast with the 

broken valley-sides which border it. It rests wholly within, 

and is formed out of the shaly and clayey members (Nos. 1 

and 2) of the section at Davis’ mill given on a following page, 

its peculiar characters, and even its existence being due to the 

soft and yielding nature of those strata. 

Taking the county as a whole, its surface is more uneven 

than any of those which adjoin it; yet there are quite large 

tracts of comparatively level land, especially in the south- 

western and northeastern portions. These, and also the 

other high and more level parts are principally prairie, 

but the prairies are gradually lessening by the natural 

crowth of forest trees. The diversity of surface before 

mentioned, while it may render a small part of the land unfit 

for the plow, adds an equal, if not greater value to the whole 

region by giving to the landscape beauties it could not other- 

Wise POSssess. : 

The streams of this county are all tributary to the 

Missouri river, and as may be seen upon the map, are quite 

numerous, all having a general southerly course. The whole 

surface is consequently so well drained that scarcely a pond 

or marsh of any size exists in the county except occasionally 

one adjacent to the streams. 

Much good water-power is furnished by end river, but 

the other streams of the county are usually too small for 

such purposes. 

Geology. The Upper coal-measure formation almost alone 

is found in Decatur county, the upper layers only of the 

Middle coal-measures appearing in the valley of Grand 

river near the southern boundary. If a line be drawn 

directly north and south through the center of the county, it 

will be found that all the exposures of rock, in place, appear 

in the western half, none having thus far been observed in 

the eastern half. Weldon’s creek and Little river, both of 

which traverse the eastern half of the county from north to 

south have eroded their valleys to considerable depth below 
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the general surface of the uplands. They are so deep, in 

fact, that they can hardly have failed to pass through the 

entire thickness of the drift, and also some of the strata 

beneath it, but none of the latter now appear. This may be 

due to the soft or friable character of those strata, or the 

abundant drift material may have covered them by falling 

down the slope as the valleys were deepened. 

Fic. 17. 

Section at Davis’ Mil. 

286 

| | i il 
I | | 

| 

No. 5. Thin bedded, gray limestone........ Mie hae ee 

No. 4. Only partially exposed, but known to contain bluish, clayey 

shale, and also one or more thin beds of black fissile car- 

29 feet. BOMACEOUS SHAlC s «o.o.c Seo shece rele eT te elu: coaches clave ovecate”s 

5 feet. 

41 
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No. 2. Bluish, clayey shale, passing upward into grayish ard light 

bluish stratified > jimpunelclaysi 2... 2-2. ele = shee 36 feet. 

No. 1. Bluish, clayey shale, containing occasional thin layers of 

impure Me StOMe remem etter cs. cues era's ce ee eee 5 feet. 

Mota Ze paeeien. csc h coke ook ape n eee 85 feet. 

Tt is along the valley of Grand river, and those of its tribu- 

taries which have their confluence with it in this county, that 

all the exposures of strata yet observed are to be found. 

The Drift Deposit is very thick here, as is shown by the fact 

the exposures of strata, which are found only in the valleys, 

are seldom, if ever, less than a hundred feet below the general 

level of the uplands. The section on preceding page, (Fig. 

17), is the most extensive one measured in the county, the 

exposures it represents having been observed near Davis’ 

mill in the valley of Grand river, about eight miles south- 

ward from Leon, the county seat, and four miles northward 

from the south boundary of the county. 

No. 1 is referred to the upper part of the Middle coal- 

measures, and all the remainder to the Upper coal-measures. 

Near the mill, the clayey shales of the lower portion of No. 

2 are crowded with specimens of the minute ostracoid crus- 

tacean, Beyrichia Americana. 

Below Davis’ mill, to the southern boundary, there are 

Fie. 18. very few exposures of strata, but 

: all that appear are equivalent to 

some part of the preceding sec- 

s\j2’ tion. Going up the valley, from 

that point, the next exposures 

=e c’ found, are upon both banks of 
= z the river near the village of Terre 

=\0' Haute. The accompanying sec- 

= tion, (Fig. 18), was measured at an 

exposure Ae amen atl upon the left bank of the river. 

Section at Terre Haute. 

No: 57) (Gray marley fossiliferousiclay.-e eee eer. nies 3 feet. 

No. 4. Hard, gray limestone, with marly partings.............. 12 feet. 
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No. 3. Black, fissile, carbonaceous shale, becoming clayey at top. 214 feet. 

No. 2. Compact limestone in two layers with marley parting.... 114 feet. 

No. 1. Bluish, argillaceous shale, passing beneath the river bed.. 10 feet. 

No. 1, of this section is regarded as equivalent to No. 2, of 

the section at Davis’ mill, and although only a part of it is 

exposed here, it is probably as thick asit is there. If this 

identification of the strata is correct, Fig. 19. 

none of the beds of the Terre Haute 

section are so high in the series as the 

highest of the section at Davis’ mill are. 

At Mansfield’s quarries on Short 

creek, (section 29, township 70, range 

26), a few small exposures occur, 

and the accompanying section represented by Fig. 19, was 

measured there. 

Section at Mansfield’s Quarries. 

INO Os -COMPpPACH Maia yr MMMNSLOMNE? sa serch os 26 ova ciatdaren delves eiedlne s 316 feet. 

Non. Yellowish» caleareo-silicious. shale, ..5. sco. coos ccede os 2 feet. 

INO: 33, Yellowisheshaley Limestone... ois as ae cl sie sdc e es vive n ols 3 feet. 

INO. 2... bluish wera Compact  lmmesione:. . 10 Was Gniens ack es ou he 2 ~— feet. 

No. 1. Unexposed down to the level »f the creek............... 4 feet. 

Totaly Mae Sa Tate ios attra Soe Pe ela 141¢ feet. 

At the point where this section was measured, No. 5 is 

quite compact, but the corresponding layers in the neighbor- 

hood are usually not so. The stone of this bed is almost 

everywhere largely made up of the Forameniferous shell 

known under the uame of Musulina cylindrica. 

Crossing over in a westerly direction to the valley of Grand 

river again, we find a few exposures of the strata of the 

Upper coal-measures. An exposure near Funk’s mill reaches 

almost sixteen feet in vertical thicknes of limestone with 

marly partings. 



324 COUNTY AND REGIONAL GEOLOGY. 

Several interesting exposures occur in the valley of Elk 
creek, a western tributary of Grand 

river, and in those of both its princi 

pal branches. The accompanying 

section, (Fig. 20), was measured ata 

point a little below the confluence 

of those branches, and on section 

Le eA eR SS 

34, township 69, range 27. 

Elk Creek Section. 

Compact limestone, (one uniform layer) ............... 1... foot. 

Marl ysoleive. Wo)3) <%leeareessi tears sigotled Rais cad dew eraeiee Rae cule. Seeae Vy foot. 

Gitay UsheligMeStOMe jon. scpice sail cleiteeicee es aene Bo apA ase 2 feet. 

Grayish limestone, somewhat shaly..................... 12 feet. 

Bluish, clayey \shalevc fh. 20 5. aad Gets oe, seine he hae 114 feet. 

Black, fissile carbonaceousishale 212.4) sia- seicites ©» er 1 foot. 

Bligh, clayey, SWalle cele iase se sueseeecouere uals aves ei neeeencmern ane 3. feet. 

OUTS « inte'c work chasse artes pronto ere einer ene 21 . feet. 

The next section was also 

measured in the valley of the 

south branch of Elk creek, com- 

mencing a little above the place 

of that just given, and adding 

the strata to that, as they are 

successively exposed within a 

quarter of a mile. 

ee RO IG CON SIBNS ord 

Section on South Branch of Elk Creek. 

Thin bedded, bluish limestone, with shaly partings ...... 3 feet. 

Brownish, mottled, clayey shales ..........ecseeeeeeeees 2 feet. 

Black, fissile, carbonaceous shale ...........eeeseeeeeees 21 feet. 

Compact layer of limestone ...........-2seeeeeeee cence 1¢ foot. 

Bluish, clayey shale ..........200secencecssceccersecsees 11 feet. 

Hard, gray limestone ....... 2... cee cence cece eee c erence 114 feet. 

Bluish, clayey shale ......... 0. cc cece seers cece cece eens 1 foot. 

Hard, grayish limestone .... 2... .e cece reer cece c cree eens Bm beet. 

Bluish, calcareous, clayey shale..........sssecereceeeeee 316 feet. 

Ota 4 soe Ree Meets cores Coeie Gk icc ele at “teat. 
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All the strata represented by the foregoing sections, and 

all others observed in Decatur county, evidently come within 

the verticle range of the section at Davis’ mill in the southern 

part of the county, so that there are no higher beds within its 

limits than those of the Upper coal-measure formation. 
Economic Resources. Stone is the most valuable mineral 

product yet known to exist within the limits of Decatur 

county, or, at least, the only one at present accessible. By 

turning again to the sections of Decatur county strata, it will 

be seen that stone is comparatively plentiful in the valleys, 

particularly in those of the west half of the county. All 

these strata that are hard enough to receive the name of 

stone, are limestone; all of which, besides being suitable for 

building purposes, furnish material for a good quality of 

lime. Layers of it are not unfrequently found from which 

the common forms of dressed stone for buildings may be 

obtained. Such stone was observed at Mansfield’s quarries 

and also at several points in the valley of Elk creek and 

those of its branches as well as elsewhere. It will be 

observed that ‘‘ black fissile carbonaceous shale” is men- 

tioned as occurring among the strata represented in some 

of the preceding sections. Some of this shale splits readily 

into thin uniform sheets, closely resembling slate, which 

name is often popularly applied to it. Sometimes it decom- 

poses into a soft, coaly-looking mass, and being itself in a 

slight degree combustible, it has been popularly believed to 

indicate the existence and close proximity of coal; or, that 

if these beds of shale were followed by drifting into the 

valley-sides, they would be found to have changed to coal. 

It may seem hardly necessary to say that these opinions 

are fallacious in all respects, and that the substance in 

question is entirely valueless. It is trve that similar car- 

bonaceous shales exist in connection with coal, but they are 

just as often found where no coal exists; not only in the 

unproductive portions of the coal-measures, but in other 

formations also. : 

All the rocks of this county, as before stated, belong to the 
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coal-measures, and almost entirely to the Upper. It will be 

seen that no coal, not even the thinnest seam, is represented 

in the foregoing sections, and it is not probable that any 

exists among the exposed strata of the county. It is evident, 

therefore, that if coal is ever obtained in Decatur county, it 

must be sought beneath the level of Grand river. Again, the 

question comes—how deep must we go to reach a profitable 

bed of coal? This question cannot now be answered fuily, 

but the following suggestions are offered: 

It is known that at the western border of the Middle coal- 

measure formation, as shown by Prof. St. John, in another 

chapter, its thickness is about two hundred feet. There is 

some evidence of a considerable thickening of the formation 

to the southward and westward, so that it may possibly 

reach three hundred feet in thickness in Decatur county. 

Again, in the northern part of this formation it contains no 

bed of coal of sufficient thickness to be worked with profit to 

a great depth, although a number of thin ones are known to 

exist there among its strata. We have indications, however, 

that some of these Middle coal-measure coal beds thicken in 

different directions, and they may probably be found of 

profitable thickness when reached by sinking shafts to them 

in this county. This, however, is doubtful, and the main 

reliance for success in any enterprise of that kind should be 

upon reaching the Lower coal-measures, the strata of which 

are known to contain the thickest and best beds of coal. 

If explorations for coal by deep mining should ever be 

undertaken in Decatur county, the work ought to be com- 

menced in the valleys. This will save an amount of digging 

and raising of the coal when found, equal to their depth 

from the general surface. Grand river valley is the deepest ~ 

one in the county, and reaches the lowest strata to be found 

exposed within its limits. These lowest strata, as would 

naturally be inferred, are found in the southern part of the 

county, and if coal is to be found within its limits, it is just 

as likely to exist in that part as in any other; therefore the 

chances are in favor of reaching coal there at less depth than 
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in other parts. Some thin beds of coal, and possibly one of 

profitable thickness, belonging to the Middle coal measures, 

would doubtless be passed through within the first two or 

three hundred feet. In any case it is thought that the whole 

thickness of both the Lower and Middle coal-measures, 

together with all the coal-beds they may contain, would be 

passed through by a shaft five or six hundred feet in depth 

from the point before named in Grand river valley; and the 

hope of finding one or more good beds of coal within that 

depth may be reasonably entertained. 

The proportionally large amount of woodland in Decatur 

county, in a great degree, compensates for the present want of 

coal. This is sufficient, not only to supply the inhabitants 

with all necessary fuel, but also with their fencing material 

and a large part of their building lumber. A very large 

proportion of the trees are oaks of several species, but the 

other ordinary varieties of forest trees are well represented. 

Brick clays of good quality are obtainable in many parts 

of the county, especially upon the ridges and approaches 

to the valleys where the soil proper is thin. Thus with its 

timber, stone, and brick clays, Decatur county is compara- 

tively well supplied with building materials of its own 

production. 

The soil may be designated in general terms as clayey, 

at least enough so to make it retentive and durable; preser- 

ving its primitive fertility undiminished through many years 

of cultivation without manuring. It is claimed by the 

inhabitants to be peculiarly adapted to grass and pasturage. 

The question of the success of fruit raising has not yet 

been fully tested, but there are good reasons to believe that 

the ordinary orchard fruits and grapes will prove a complete 

success. The numerous valley-sides and slopes possess 

the same general characters in every respect, and the same 

climate that those portions of Lee and Des Moines counties 

do whose fruits have already become so justly celebrated. 
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6 RINGGOLD COUNTY. 

Boundaries and Area. Ringgold county lies immediately 

west of Decatur, which consequently borders its whole 

eastern side, Union and Taylor counties bounding it respec- 

tively upon the north and west, while the southern boundary 

line of the State forms that also of the county. 

Like Decatur county, it is four townships in width east and 

west and a little less than four from north to south. The 

southern boundary line of the State, although intended to be 

straight and uninfluenced by any geographical features, does 

not exactly coincide in direction with east and west lines of the 

linear surveys. Following the boundary line from east to 

west, it is found to diverge to the southward of the section 

lines of the surveys, amounting to about one mile in seventy. 

In consequence of this divergence of the State boundary line, 

Ringgold county, although nominally of the same size as 

Decatur, really contains a little greater superficial area. It 

amounts to about five hundred and forty square miles, or 

three hundred and forty-five thousand, six hundred acres. 

Geology. If our knowledge of the geological character of 

the strata that underlie the surface of this county, beneath its 

thick covering of drift, were derived from all examinations 

which it is practicable to make within its limits alone, we 

should know very little with certainty about it; for so far as 

is now known only two exposures of rock in place are to be 

found within its boundaries. These are very slight exposures 

both belonging to the Upper coal-measures, and consist in 

each case of only a few layers of limestone. One of them is 

upon section 1, township 70, range 28, in the extreme north- 

east corner of the county, and the other is near its southern 

boundary on section 19, township 67, range 29. It is 

consequently more destitute of stone than any other county 

of southwestern Iowa. Judging from these exposures and 

from those observed in the adjoining counties, there is no 

doubt that all the strata which immediately underlie the drift 

belong to the Upper coal-measures. The drift here is very 
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thick, amounting probably to two hundred feet in thickness 

over a great part of the county. 

Surface Characters and Drainage. The reason of the 

creat infrequency of rock exposures here is due to the unusual 

thickness of the drift which has covered up all the strata 

so deeply, that the streams, although their valleys are pro- 

portionally of more than average depth, have failed to reach 

and expose them, except in two instances befored named. 

The unusual accumulation of drift in this part of the State is 

an interesting fact, particularly when taken in connection 

with the further fact that the highest ridge of land in south- 

ern Iowa passes down into Missouri through this county. 

This interesting feature together with its connections is 

discussed more at length in the chapter upon the physical 

features of the State. 

Ringgold county is drained by two of the upper branches 

of Grand river, and by the east branch of Platte river. 

These streams flow through the county in a_ southerly 

direction, having at its northern border already attained 

considerable size, and in their passage through it have 

eroded their valleys so deeply from the general surface of the 

uplands that the full grown forest trees which skirt the 

borders of the streams cannot usually be seen even at short 

distances from the valley-sides. These valleys are interest- 

ing as being the deepest and largest purely drift-valleys in 

the State. They are from one hundred and fifty feet to more 

than two hundred feet deep, from the general level of the 

uplands of the county; and yet, except at the two points before 

mentioned, nothing but drift material is to be seen in their 

valley-sides from top to bottom. It is from these and 

other indications that the Drift Deposit is estimated to reach 

a depth in Ringgold county of about two hundred feet. Its 

depth of course cannot be certainly known without digging 

shafts down through it. 

The surface of the county is almost all prairie, and its 

general aspect is peculiar and interesting. A stranger pass- 

ing mae the county by the ordinary routes of travel is 
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quite unconscious of the presence, within the range of his 
vision, of the deep valleys with their wooded banks, for 

the general surface which his vision falls upon is apparently 

all an undulating prairie. Upon approaching the streams he 

sees them winding through the rather narrow valleys, with 

a light border of trees upon their banks; and crossing them, 

they are soon lost to view again among the general undu- 

lations of the surface. 
The whole county is so well drained that hardly a single 

pool of water can be found within its borders, but yet with its 

numerous streams it is practically well watered, and in addi- 

tion to this, water may be readily obtained upon the more 

level surfaces of even the higher prairies. 

Material Resowrces. It cannot be denied that at present, 

the only known resources of Ringgold county are almost 

wholly confined to its fertile soil. This is the usual deep, 

rich, drift soil, so characteristic of southern Iowa. It is not 

only capable of producing abundant crops of all varieties of 

farm products that are adapted to the climate, but also the 

fuel necessary to supply as dense a population as the soil 

will support, may be grown upon the same soil in the shape 

of forest trees. 

For reasons frequently given upon previous pages it is 

thought probable that coal exists beneath the surface of this 

county at a not inaccessible depth. Should the explorations 

recommended for other counties in search for coal, be under- 

taken in this, and prove successful, in future times when the 

whole surface shall become covered with fine farms, and 

studded with rural villages and multitudes of groves of 

artificial planting, Ringgold county will hardly be recognized 

from the foregoing description. : 

7. UNION COUNTY. 

Boundaries and Area. Union county is one of the second 

tier of counties from the southern boundary of the State, 

and is bounded on the east, south, and west respectively by 

Clarke, Ringgold, and Adams counties and on the north by 
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Madison and Adair. Like the greater part of the counties 

of the second tier, it is three townships in width from north 

to south, and four in length from east to west. It is thus a 

true parallelogram, containing four hundred and thirty-two 

square miles or two hundred and seventy-six thousand four 

hundred and eighty acres. 

Drainage and Surface Characters. With the exception of 

half a dozen square miles of the extreme northeastern corner, 

which are drained into Clanton’s fork and thence into the Des 

Moines, the whole of Union county is drained by the tribu- 

taries of the Missouri river, principally by Thompson’s fork 

of Grand river. This stream, together with its branches, has 

a general course through the county from northwest to south- 

east. It will be seen that the Great Watershed which 

divides the drainage between the two great rivers, passes 

across the extreme northeast corner of Union county, yet 

the highest land of the county is not there; but upon a 

secondary watershed, that which divides the drainage of 

Grand and Platte rivers. 

The profile in the first part of this report, prepared from 

notes of Mr. Thielsen, Chief Engineer of the Burlington and 

Missouri River Railroad, shows that Highland, near the center 

of the county, is the highest point on the line of the road 

between the two great rivers, being seven hundred and ninety- 

four feet above low water in the Mississippi at Burlington, and 

twelve hundred and eighty feet above the level of the sea. 

The lowest point along the line of this road within Union 

county is in the bed of Grand river, which is about three 

hundred feet lower than the surface at Highland. The valley 

proper of Grand river, however, is only from one hundred to 

one hundred and fifty feet deep from the general level of the 

upland in its neighborhood, and the great height attained 

at Highland is by a gradual rise of the general surface from 

the vicinity of Grand river valley. | 

The valley of Twelve Mile creek, the principal branch of 

Grand river, in this county, has a similar average depth and 

character, but it has no exposure of strata along its entire 
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length, except near its confluence with Grand river, and 

consequently, it presents the usual characters of a drift valley, 
as do also all the other smaller streams of the county. 

The surface in the immediate vicinity of the larger streams 
is somewhat broken and partially wooded, but much the 

greater part, even of the eastern half the county, has that 

gently undulating character of surface known as rolling 

prairie. 3 

Geology. If Union county be divided into four equal parts 

by east-and-west and north-and-south lines, all the exposures 

of strata, with a single exception, so far as now Known, will be 

found in the southeastern quarter. That exception is a small 

exposure in the banks of a creek about two miles northeast 

from Afton. All these strata belong to the Upper coal- 

Fia. 22. measure formation, and nearly all 

of them are found in the valley of 

Grand river. 

16’ On section 36, township 71, range 

28, just where Twelve Mile creek joins 

-{,, Grand river, the section represented 

by Fig. 22, was measured. 

Section at the Mouth of Twelve Mile Creek. 

No: 3. Yellowish gray, thin bedded limestoney.. 0-0... 6.0... cae 16 feet. 

No, 2. Conipact, orayish: lnmestone; (One layer). oc pete lates oc wee ele 1 foot. 

No. 1) | Bluish, coneretionary, marly: limestone. 222262... 0-6 o-5) 3 feet. 

LOUDER Cf ae lis Seana abetdis oleot otic a ytetaln or ap eeet a ones eben te, late Aird 20 feet. 

The base of No. 1 was not seen, nor were any lower strata 

found exposed there. The water being high at the time of 

Fig. 23. our visit may, however, have covered 
=S===)\2 some others. Going up Grand river 

7 valley, the next exposure of any impor- 

tance is found in the right bank of the 

=" stream on section 14, township 71, range 
28, at which point the following named strata appear and 

are illustrated by Fig. 23. 
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Mos. liehbiedlered silieiousshalyemar) 3). 6.06 eles dee noe nee 2 feet. 

No. 2. Compact, thin-bedded grayish limestone.................... 7 feet. 

No. 1. Hard, shaly, marly clay, with thin bands of impure lime- 

SECT Cae al or ATE GPS ee ARS el oP OR COIDS 0 fig 4 feet 

PRU S aie cartel ove ie diate «karst de > oe poppet achical susp Gacndeoe 13 feet 

The base of No. 1 was not seen, being covered by the water 

of the creek. About a mile further up the valley, on section 

11 of the same township and range, and in the left bank of 

the river, about ten feet in thickness of uniformly bedded 

limestone is seen, resting upon about five feet in thickness of 

bluish, fragmentary, argillaceous, limestone; the latter very 

fossiliferous. 

Continuing up the valley about Fie. 24. 

three miles farther, at Emerson’s 

mill, on section 31, township 71, SS 7 
i — 

range 28, the following named strata 9 EEE EEN 
SaaS 

e —_ 

were found exposed in the left bank (5 Agge=====eee 1’ ,,v 
= = ee 

of the river and are represented ,¢ Sa aa aes 7 1 
I an en ey ae Bi 6” 

by Fig. 24. 

Section at Emerson's Mill. 

No. 7. Yellowish, impure limestone, with frequent partings of 

calcareo-silicious shale of same color...... ape A ta %  -feet. 

No. 6. Bluish, clayey shale, with occasional thin concretionary 

TIVeErS Gf TiN pie, MIMECStOME. oo 5.05 <0. < ces sc aele vec ces 4 feet. 

Nord. Blavle Cal DUR teCOUS SHAIe seta, de oe cas eee ese eka oe eee 1 > feot. 

No. 4. Bluish shale, very fossiliferous..............0cceueeeoess 14 feet. 

No.-3. Bluishclayey shale.. 2.22.4. 22.460. 00 SIONS ee Pee Fea 216 feet. 

WNo2. ? Roughameyashs limestone si. 6.46 5 oc cicins « Gepeorasg cee de dey 114 foot. 

No. 1. Grayish, clayey, and concretionary limestone............. 114 foot. 

Ota A aah tcc aas ones er tia ae Seas ec aaa ee 181 feet 

The water in Grand river reaching No. 1, no strata were 

seen beneath it. This lowest member of the section is largely 

composed of the shells of a very small variety of /usulina 

cylindrica, and the clayey partings of the layers of lime- 

stone are crowded with the same fossil. 
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The next exposure seen in passing 

up the valley of the Grand river, is 

= /*' represented by Fig. 25. It occurs im ‘its 

===”, left bank, on land belonging to Mr. 

=== |, Carter, and near the crossing of the 

+ Burlington and Missouri Railroad. 

Section at Carter's 

No.0.’ Dight colored marly shalem... tee. okt ae hee ee eee 3 feet. 

No. 4. Yellowish gray limestone in thin layers, with yellowish marly 

Paves. seemcae. Re RIOT TTT ES Ghee ao he ee 2 feet. 

No. is. s bluish marlyeshalle.. gece ope cies ple ern eh er ete ee nee 2 feet. 

No: 2.” Blacktcarbonaceousishtalen a. eee eee ine Mts sce 2 feet, 

No. 1. Blue clayey shale, alternating with thin layers of blue, hard 

and impure limestone..... BS L.c seallaateia ele Se EERO EIS 5 feet. 

Potato ee es Cove e ea a eet a eos oe mele eee 14 

All the strata represented by the foregoing sections, together 

with all others found exposed in Union county, are of Upper 

coal-measure age, and all probably belong within a vertical 

range of thirty feet, so nearly do the slopes of the streams 

coincide with the southerly dip of the strata; and the strati- 

graphical equivalents of the whole of this vertical range 

are regarded as being included within the lower half of 

the limestone portion of the section at Winterset, in Madison 

county. 

Material Resources. As has been said of a number of 

other counties, the material resources of Union county, so far 

as at present demonstrated, consist of its fertile soil, its 

stone, and the forest trees that skirt its streams. Referring 

to the preceding sections of the strata exposed at various 

points along the valley of Grand river, it will be seen that a 

large proportion of them consist of limestone. These, 

together with some others in the valleys of small creeks and 

ravines that come into that river, and not before mentioned, 

will be found to afford large quantities of building stone, 

besides any desired quantities of excellent lime. 

All the strata found exposed in Union county belonging to 
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the Upper or unproductive coal-measures, it will be correctly 

inferred from what has been before written, that the hope 

of finding coal within its limits should be based upon 

explorations at considerable depth beneath its surface, which, 

to save useless labor, should be commenced in the valleys. 

If such enterprises as have been recommended on previous 

pages for Madison county should prove successful there, those 

who shall commence similar labors in the valley of Grand 

river or elsewhere in Union county, will have additional 

reason to expect similar success. 

The strata exposed in this county are referred to a horizon 

a little below the middle of the full)series of Upper coal- 

measure limestone, as exposed near Winterset, and shown in 

the section measured near that place, which will be found 

represented on a previous page. They are also referred to 

about the same horizon which those strata belong to, that 

contain the thin bed of coal found there; but that bed of coal 

seems to have entirely thinned out to the eastward, so that it 

is not represented at all in the valley of Grand river, and will 

probably not be found at all in Union county. Thus, 

although strata in those counties that are geologically equiva- 

lent to these, do contain a bed of coal there, yet a supply of 

that valuable material, if found at all in Union county, should 

be sought for by deep mining. | 

There is a sufficient area of woodland in Union county to 

meet the present wants of the inhabitants for fuel, yet the 

proportion in the western half of it is small. In the eastern 

half, however, especially along the valleys of Grand river and 

its principal branches, the supply of wood is quite sufficient 

for present and prospective use. The county is well supplied 

with water from its numerous streams, and wells of water 

may be obtained almost anywhere at moderate depth, even 

upon the highest surfaces. The soil is of that variety known 

as drift soil, except the small proportion of alluvial soil in 

the valleys. It is everywhere of the same fertile and excellent 

character as that which characterizes the whole region of 

southwestern Iowa. 
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8. ADAIR COUNTY. 

Boundaries and Area. Adair, like Madison, and also 

like the majority of the other counties of the third tier from 

the southern boundary of the State, contains sixteen con- 

gressional townships—four north and south and four east 

and west. Its superficial area is consequently about five 

hundred and seventy-six square miles, or three hundred 

and sixty-eight thousand six hundred and forty acres. 

Drainage and Surface Characters. The Great Watershed 

passes through Adair county, entering it from the north a 

little east of its northwest corner, and leaving it a little 

southward of the middle of its eastern boundary. The 

Chicago, Rock Island, and Pacific railroad crosses the Great 

Watershed almost exactly at the point where it enters Adair 

county, which point, according to their levelings, is nine hun- 

dred and seventeen feet above low water in the Mississippl 

at Davenport, or about fourteen hundred and forty-five feet 

above the level of the sea. After passing southeastward, 

nearly as far as the center of the county, the watershed 

sweeps abruptly to the eastward between the upper branches 

of Grand and Middle rivers, and continues thus until it 

makes its exit from the eastern boundary. The broad ridge 

of upland that constitutes the Great Watershed, where it 

enters the county, continues southward into Union county 

between the East Nodaway and Grand rivers, both of which 

are tributaries of the Missouri, and, although it thus becomes 

a secondary watershed, it has actually a higher elevation 

than the Great Watershed, which passes further to the east- 

ward, as before explained. 

Thompson’s fork, of Grand river, and both the East and 

Middle Nodaways, have their rise in Adair county, and both 

North and Middle rivers are only small prairie streams 
where they enter its northern boundary. Even a few rivulets 

of the upper branches of the East Nishnabotany reach 

within its western boundary line. It will thus be seen that 

this county, although not greatly elevated, is, nevertheless, 
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a summit region in relation to the drainage of the sur- 

rounding country, and yet, unlike many similar summit 

regions, it is so perfectly drained that ponds and marshes 

are nowhere to be found. 

Like all the other counties that lie upon the Great Water- 

shed, the drift.of Adair county is very deep, probably two 

hundred feet deep in its central portion. Therefore, with the 

exception of that of Middle river, all its valleys are true 

drift valleys, and even that of the river named is only 

slightly modified by the few exposures of strata that occur 

along its course. Some of these valleys reach a depth of one 

hundred and fifty feet from the general level of the upland, 

and yet nothing but drift is to be seen within them. 

The surface of Adair county, although almost all prairie, 

is very undulatory, and in many parts is quite broken by 

deep, yet grassy ravines. This unevenness of surface 

renders a part of it untillable by the ordinary methods 

now in use. The soil of these steep slopes, however, is 

almost as fertile as that upon the more level surfaces, 

and the time will come when they may be cultivated with 

profit. Much the larger part of the surface of the county 

possesses not only an excellent soil, but it is also adapted 

to convenient tillage. The drift of this county, like that of 

the others adjoining it, is almost entirely composed of com- 

paratively fine material, so that the surface is never 

obstructed by boulders, or other impediments to agricul- 

tural operations, yet a few isolated boulders occasionally 

appear. A number of these granite strangers from the 

north are to be seen upon the surface near the head of 

Grand river, in the eastern part of the county. 

Geology. The only strata exposed in this county are found 

in the valley of Middle river, and consequently are confined 

to the eastern and northeastern. portions. These all belong 

to the Upper coal-measures; and, judging from our know- 

ledge of the geology of the surrounding region, the same 

strata occupy the remainder of the county immediately 

eek deep deposit of drift, unless, which is possibly 
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the case, the extreme border of the Nishnabotany sandstone 

may intervene in some parts. 

The most northerly point in Middle river valley, at ona 

an exposure of strata occurs, is near the right bank of the 
river, about three miles southward from the north boundary 

of the county. Below this, to the point where the river 

enters Madison county, similar strata are exposed in the 

banks of the stream at rather rare but gradually increasing 

intervals, until, near the eastern border of the county, the 

exposures are somewhat numerous. All these exposures are 

referred to the lower half of the series of limestone strata 

shown in the Winterset section. It will be remembered, also, 

that all the strata exposed in the valley of Grand river, in 

Union and Decatur counties are referred to the same horizon. 

It is believed, also, that all the strata exposed in the counties 

of Adair, Union, and Decatur, belong within a verticle range 

of less than one hundred feet. Nearly all the strata exposed 

along the valley of Middle.river are limestone. They usually 

amount to only a few feet in vertical thickness, but one of 

them, on section 12, township 76, range 31, presents a vertical 

Fic. 26. thickness of about twenty feet 

ot limestone. More argilla- 

* ceous strata exist beneath these, 

“onl are exposed in the banks 

of Drake’s creek, on section 138, 

, township 75, range 30. These 

are shown in the following 

section and illustrated by Fig. 

26. 

Section at Drakes Creek. 

No. 6. Black, carbovaceous shale, a few inches at top consisting of 

impure Coals 2:.cje walale we bie 2 ole opera Motel ietene tered 2b eck: 

Nolo: bi Marly Claviott oc co ia 2 aleuetese ee leune ioe te eet one we alee eine Ys foot. 

No. 4. Hard, bluish, impure limestone. .........0..-e cess eeeees 1s toot: 

No. 32. brownish, clayey shale:. 2.) om acteperteteree aretha ot 1 | foor 

No. 2. Hard, dark colored, impure limestome.......+-.-2+e--ee- 14 foot. 

No. 1. Five grained, micaceous sandy shale, becoming darker and 

more clayey at top... ......ceccncs cerns cece ncersesens 22 feet. 

Total- 24: Bese e eee ee eee els ovens 27 feet, 
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No. 1 is regarded as equivalent to No. 2 of the Winterset 

section, although it differs from it somewhat in its more argi- 

laceous character. In this respect it more closely resembles 

No. 2 of the section at Davis’ mill in Decatur county, with 

which it is also equivalent. 

Material Resources. Besides its fertile soil, the material 

resources of Adair county are unimportant. Sufficient sup- 

plies of stone for building purposes and for lime may be 

obtained along the valley of Middle river, but elsewhere in the 

county none of this important material is to be found. 

If coal should in the future be obtained in Madison county 

by deep mining, according to the plan before suggested, it 

may also be expected by similar mining in Adair county. 

Ancient Peat. On section 22, township 75, range 32, a bed 

of dark colored carbonaceous substance was found exposed 

in the bed of one of the upper branches of the Middle 

Nodaway river, which is there a mere prairie creek. This is 

evidently ancient peat, formed there before the surface had 

assumed its present well-diained condition at least, if it is 

not really of pre-glacial origin of which there are some 

indications. The owners of the land thinking it might prove 

valuable for fuel, sunk a shaft of a few feet in depth down to 

it from the bank of the rivulet, and the bed was found to be 

between two and three feet in thickness. The drift, appa- 

rently only slightly, if at all modified, rested directly upon 

it, and it was underlaid by a dull, bluish clayey bed. 

Although the proportion of ash in this ancient peat is only a 

little greater than that of some modern peat used as fuel, it is 

only slightly combustible and probably has no practical 

value. 

9. ADAMS COUNTY. 

Boundaries and Area. Adams lies immediately west of 

Union county before described, and is of exactly the same 

size, being three congressional townships in width from north 

to south, and four of the same in length from east to west. 

Consequently, it contains a superficial area of four hundred 
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and thirty-two square miles, or two hundred and seventy-six 

thousand four hundred and eighty acres. 

Drainage and Surface Characters. The county lies wholly 

upon the Missouri river drainage slope, the greater part 

* of it being drained by the Hast and Middle Nodaways and 

their branches, which pass through it in a southwesterly 

direction. Some of the upper branches of Platte river drain 

the southeast corner portion, while the west fork of the One 

Hundred and Two river rises in, and its upper branches drain 

the southern part. Its deepest and most characteristic valleys 

are those of the two Nodaways before mentioned, and the 

scenery along each is always interesting and frequently 

beautiful in its kind. 
If the county be divided directly through the middle, from 

north to south, it will be found that the eastern half is almost 

wholly prairie, there being interrupted belts of woodland 

along the banks of the Hast Nodaway and there only, 

besides a few clumps of trees upon the borders of the 

other small streams. In the western half, however, there 

are very considerable bodies of woodland along the valleys 

of both the Nodaways. The surface of the east is principally 

gently undulating prairie, almost every acre of which is 

excellent farming land. The western half is no less valua- 

ble for the same purposes, but it contains a somewhat 

greater, but still very small, proportion of land not easily 

tillable on-account of its greater unevenness. This, however, 

is more than compensated for by the presence of stone and 

coal in its valleys, neither of which are found in the eastern 

half. 

Geology. All the strata exposed in Adams county belong 

to the Upper coal-measure formation, and the exposures here 

enumerated are the principal ones to be found within its 

limits. A few feet in thickness of compact, bluish lime- 

stone, in somewhat regular layers, is found exposed in the 

right bank of William’s creek, on section 6, township 73, 

range 34. A similar exposure is also found on section 19 

of the same township and range. Crossing to the Middle 
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Nodaway, the next exposure to be found in this part of the 

county is near Harader’s mill, three miles north of Quincy, 

where a few feet of clayey shales and impure limestone rest 

upon a bed of coal about eighteen inches thick. The stone is 

very small in quantity, and not of very good quality, but 

owing to the scarcity of stone in this region, it has been 

taken out to some extent for common use, and the coal has 

also been mined there, but not extensively. Three miles 

farther down the valley, and two miles west of Quincy, the 

same bed of coal has been quite extensively mined at several 

points within half a mile of each other. 

The exposures are upon, or near the banks of the river; the 

following described strata being exposed in the left bank, 

near the bridge: 

Section near Quincy. 

Noval. Bloch retily Wieetonies, ves. eueeenwec seu Sccs. es: es 20 inches. 

Non (90 Dank Colored saMiGe:. sven cixsman cee: we Sues Paes Sia ty 8 inches. 

NOe 8 Codle ocean seers ee oe orebsict on ache techieh heresy aioe sre 20 inches. 

Now et.) dhichiioliish, shally, fossuliterous clay... .s so... s.eeas 20 inches, 

In the year 1866, Messrs. Barnett and Smith commenced 

sinking a shaft within a few rods of this locality, with the 

hope of finding a deeper and better bed of coal. The follow- 

ing is Mr. Smith’s statement of the strata passed through: 

Barnett and Smith's Shaft. 

Nor 6) "Dari oraye clayey MmestOmel ion .. Setee sia) coereere eo le Se oe a 5 feet. 

Noe 5.) Dark colored canbomaceousisnales 2. .0he ss. k i 2. eo ai wees 2 feet. 

Non4. Darkenlored fossiimereus ImestOme. ce. At au. . < cets cna ace 1 foot 

Nowe. hich eray: limestone. witli Cuil fracuune. 2c. 45.04 5 feet. 

INO: Gi tay, Clave y cla Cha | cur ase e wean atns sy sreueterie Sesotho 6 feet. 

No. 1. Coneretionary clayey limestone, aiternating with clayey 

SOW eR peers Grins Aen 9 again Sas O18 ed See eee 20 feet. 

The enumeration of the strata passed through at the shaft 

of Barnett and Smith, commences at the top (No. 6), with the 

stratum which immediately underlies the lowest member of 

the section measured upon the bank of the river, (No. 7). 
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The annexed diagram, (Fig. 27), is intended to illustrate 

the section just named, together with the measurements of the 

shaft : 

Fig. 27. 
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The bed of coal represented in the foregoing section is 

the only one worthy of the name that has yet been found 

within the whole vertical range of the Upper coal-measure 

formation. Besides the opening of this bed by Mr. Harader, 

near his mill before mentioned, Messrs. Barnett & Smith, Mr. 

Thos. Nelson, and the Drs. Rawson, of Quincy, have all 

caused the same bed to be opened in the valley of the Middle 

Nodaway near that place, and the last named gentlemen 

have also caused the same bed to be opened a couple of miles 

farther down the valley on section 15, township 76, range 35. 

The bed of coal at all these points varies from twelve to 

twenty inches in thickness, and these are the only points thus 

far known at which it has been exposed within Adams 

county. It is an interesting fact that wherever this coal 

bed is found it occupies a position only a few feet above the 

water in the river, showing that the general dip of the strata 

is exactly coincident with the slope of the stream. The 

dip is so uniform that the same bed may no doubt be reached 
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at about the same level at almost any point between Hara- 

der’s mill and the south boundary of the county, except 

where it may have been disturbed and destroyed by the - 

erosive action of the river in the bottom of its valley. There 

is no evidence whatever, as some of the inhabitants have 

supposed, that the bed of coal has been brought near the 

surface at the points where it has been discovered by an 

elevation of the strata there in the form of folds. On the 

contrary, besides the evidence that exists within the county, 

we have the additional evidence afforded by the strata 

exposed in the adjoining region, of a perfect uniformity 

of general dip of all the strata throughout the whole region, 

and of the almost exact coincidence of that dip with the 

southerly slope of the streams. The same bed is found in 

the banks of the Kast Nodaway from the northwest corner of 

Taylor county to the southern boundary of the State and 

beyond, and along the whole distance in that valley it holds 

about the same relative position above the river level as it 

does in the valley of the Middle Nodaway. 

In the banks of the East Nodaway, a little below Corning, 

some slight exposures of very good common limestone are 

found, and two or three other similar ones exist in similar 

positions farther down the stream. The stratigraphical 

position of these strata is believed to be a little beneath 

the bed of coal found in the banks of the West Nodaway, and 

to be equivalent to the limestone strata of Barnett and 

Smith’s shaft there. The latter, however, were not found 

naturally exposed anywhere in the valley of the Middle 

Nodaway. 

So nearly does the general dip of the strata of this county 

coincide with the southerly slope of its streams, that all the 

natural exposures are referred to a vertical range of about 

fifteen or twenty feet. All these strata are referred to the 

horizon of the lower half of the series of limestones of the 

Winterset section. 

Material Resources. Besides its universally fertile soil the 

material resources of Adams county are of considerable 
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importance, the principal of which is its coal. The bed from 

which it is obtained, as before described, is very thin, and in 

other parts of the State would be regarded as of little 

value, but since it is the only one in the whole region at 

present accessible, it has an important local value. Although 

the amount of coal obtained from this bed will always be 

small, the quality is very good, and it will always be in 

demand until deeper and better beds are found. 

It has been often repeated upon previous pages that there 

are good reasons for hope that profitable beds of coal may 

be reached beneath this part of the State by deep mining. 

While it is doubtless practicable to reach such beds of coal at 

any time, if they really exist beneath Adams county, by 

sinking deep shafts down to them, yet such an enterprise 

would be undertaken with much more confidence by most 

persons if the similar ones which have been suggested for 

Madison, Union, and other counties had already been prose- 

cuted and proved successful. 

The various exposures of stone before mentioned furnish 

considerable quantities of material for common masonry, 

walling wells, etc., and some of those on the Kast Nodaway 

furnish stone that is suitable for lime. 

The soil is the usual deep, rich, loamy soil of the drift, and 

is everywhere excellent. The county is well watered by its 

streams, and wells of pure water are obtainable almost any- 

where without difficulty. 

10. TAYLOR COUNTY. 

Boundaries and Area. Taylor is one of the southern tier 

of counties, and the third in order, counting eastward from 

the Missouri river. It is bounded on the north, east and west 

respectively by Adams, Ringgold, and Page counties, and on 

the south by the southern boundary of the State. It contains 

nominally sixteen congressional townships, but in conse- 

quence of the irregularity caused by the correction line which 

passes east and west near its center, and also of the obliquity 

ariel Sf is (Sed 

4 
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of the southern boundary line, a part of the townships are not 

quite of full size. Its superficial area is estimated at about 

five hundred and thirty-seven square miles, or three hundred 

and forty-three thousand six hundred and eighty acres. 

Drainage and Surface Characters. Taylor county is 

drained principally by the Platte and One Hundred and Two 

rivers, together with their upper branches, most of which have 

their rise within its limits. The East Nodaway crosses its 

northwestern corner, but drains only an inconsideiable part 

of its surface. 

The general character of the surface is gently undulating, 

but it possesses considerable diversity, and even beauty, 

along the valleys of the larger streams. Its northeastern 

quarter reaches nearly to the highest land in this tier of 

counties, and having no large streams to traverse its surface, 

itis almost one continuous prairie. The southeastern quarter 

is also in great part prairie, but narrow belts of woodland 

exist there along the banks of the branches of the Platte, the 

East Fork of One Hundred and Two river, and of Honey 

creek. Both these portions, constituting the east half of the 
county, are destitute of any exposure of rocks in place. 

The western half is also largely prairie, but it contains a 

greater proportion of woodland, which exists in narrow belts 

along the banks of the different branches of One Hundred and 

Two river, and the East Nodaway. In consequence of the 

presence of these larger streams here, it also has a greater 
diversity of scenery. 

Geology. The only two places at present Known within the 

limits of Taylor county where Fie. 28. 

strata of any kind are ex- 

posed are, first in the imme- 

diate vicinity of Bedford, the 

county seat, and second, on 

land of Mr. J. R. Foster, in 

the northwest part of the 

county. In the first named 

vicinity there are several , 

a4 
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exposures, the principal one of which is at the quarries of 

Mr. Edwin Houck, near the bank of the stream, almost 

within the village at Bedford. At this point the strata 

exposed consist of about ten feet in thickness of lime- 

stone only, but Mr. Houck had drilled down about twenty 

feet, and that portion of the annexed diagram, and section 

beneath, No. 6, is taken from his record of the drilling. 

Section at Bedford. 

Thin bedded, yellowish impure limestone........ ......... 10 feet. No. 6. 

Nos .0) oSiShals; Clavell Scar an a eee eee me came. RC 

No..4..e SaBNaiek: slate tas 5, opti okt cache aac elie cs tere cee Aa tate eae ee 5 feet. 

No.3. "Hard -eray StOmed. 6% co's one Sani eee eee eee ee 1 foot. 

Noss \“uGtaly shales oa i eie bnew come c ee oaete eee ate eee eee 12 feet. 

No. 4: ““Blard: ‘stomer iy Scie aren omnes eisstateriees ohare et eee 1 foot. 

WOU 5.5. sett cede ee eee eae oe eR ee 30 feet 

No. 6 contains an abundance of Musilina cylindrica, and 

other characteristic fossils of the Upper coal-measures. 

On Coal creek, just at the borders of the valley of the Kast 

Nodaway, on section 29, township 70, range 35, Mr. Foster 

Fic. 29. has opened the same bed of coal 

= that is mined at several points in 

=== 2" the valley of the Middle Nodaway 

BE ’, in Adams county. The following 
,, named strata were observed there 
* in the bed and banks of the creek 

and are represented by Fig. 29. 

Section at Foster’s Coal-Bank. 

No: 8. Yellowish) shaly, impure limestones... - 20 =e eee o) vieet, 

No. %. Shaly, arcillaceous limestomes ook. feel 2 feet. 

INO G6: Blue, fossiliferous, clayey shalev>...- cj}... eer oO ice 

INCOM OMRMCOniLea teens ik Oa cians Se RE Ee te cls Sigs 116 feet. 

No. 4. Bluish, shaly clay, containing vegetable remains......... 4 feet. 

No. 3) Compact, impure limestones ge oc. - se eee eee tee 1¢ foot. 

No. 2. Bluish, clayey shale, with occasional thin seams of impure 

JET GAY ERC 0) IV hae RIO SII i 4 Gio a So) SOGOU 6 feet. 

No. 1.) Compact; impure limestone). 2 mene erent = 1 i Atoct, 
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Tt is thought that all the strata exposed in the vicinity of 

Bedford belong beneath all those at Foster’s. If so, this 

gives a vertical range of between thirty and forty feet for all 

the exposed strata of Taylor county. 

Material Resources. Except the great and uniform fertility 

of the soil, the material resources of Taylor county are not 

important, or, at least, they would not be so regarded in 

more highly favored regions in that respect. But in a region 

like this, where coal and stone are both scarce, the small 

supplies of both these articles, that Taylor county contains, 

have a great local value. The quality of the coal at Foster’s 

bank is very good, and is much esteemed by blacksmiths. 

As to the prospect of finding other and thicker beds of coal 

by deep mining in Taylor county, little more can be said than 

to repeat what has been said concerning the other counties 

adjoining it. There can be no reasonable doubt that the 

formation which contains the important beds of coal that are 

now mined in the valley of the Des Moines river, extends 

beneath Taylor county, and it is reasonable to infer that it 

contains beds of coal there as well as where they have 

already been discovered. There is reason, however, to 

believe that the strata which rest upon those coal-bearing 

formations, as well as those formations themselves, thicken 

gradually to the westward and southward, so that the beds 

of coal before mentioned, if they exist at all in the farther 

parts of southwestern Iowa, will require considerable capital 

and labor to reach them. This subject is discussed more at 

length at the close of the chapter on the Upper coal-measures 

in another part of this repott. 

The stone at Foster’s coal-bank is not of the best quality, 

but it will serve for ordinary uses. That obtained in the 

vicinity of Bedford, makes good lime and is also useful for 

purposes of common masonry. Quite a number of buildings 

have been constructed from the stone obtained from Mr. 

Houck’s quarries, and he has a market for his lime extending 

all over his own county and into those adjoining. 

The soil of Taylor county is wholly drift soil, modified 
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only in its valleys which are mostly small ones ; it is all 

excellent, and almost every acre is tillable. 

11. PAGE COUNTY. 

Boundaries and Area. Page county is one of the southern 

tier, and second eastward from the Missouri river, lying 

between Fremont and Taylor counties and immediately 

south of Montgomery. It contains sixteen congressional 

townships, but, one half of them not being quite of full size, its 

area is estimated at about five hundred and thirty square miles, 

or three hundred and thirty-nine thousand two hundred acres. 

Drainage and Surface Characters. The county is drained 

by the East and West Nodaways, the East, Middle, and 

West Tarkeos, and the Kast Nishnabotany. These streams 

run through the county in a direction a little west of south, 

and drain it very completely. Much the greater part of the 

surface is prairie, but the valleys present much pleasing 

diversity, particularly those of the larger streams. Indeed, 

the whole valley of the Nodaway, from the northern to the 

southern boundary of the county is very beautiful, and that - 

of the East Nishnabotany scarcely less so. Narrow belts of 

woodland border the main Tarkeo, and also the west branch 

of the same river in the southern part of the county, but 

the other portions and branches of the Tarkeo within Page 

county are prairie streams. A somewhat larger proportion 

is found upon the borders of that portion of the East Nish- 

nabotany that crosses the northwest corner of the county, and 

also in the valleys of the Nodaways jn its northeastern 

portion. From the middle of the county southward, the 

valleys of these last named streams contain the largest 

bodies of woodland to be found within its limits, so that 

the southeast quarter of the county is well supplied with 

fuel. The remaining portions, or all outside of the larger 

valleys is prairie which has a gently undulating surface. 
The general character of the valleys of Page county, is that 

of the usual drift valleys, although the Bluff Deposit occupies 

a large part of its western half. 



Mk 1 ek ee 

GEOLOGY OF SOUTHWESTERN IOWA. 349 

Geology. The Upper coal-measure strata alone have been 

found exposed in this county, but it is probable that some 

outliers of the Nishnabotany sandstone exist beneath the 
surface in the northwestern part. The strata thus far dis- 

covered are all referred to the horizon of the lower half of 

the series of limestones and shales of the Winterset section. 

At Hawleysville, Just upon the east border of the county, 

there is an exposure of about five feet in thickness of bluish, 

argillaceous limestone, with partings of blue, clayey shale. 

These are no doubt the equivalents of a part of the strata 

associated with the coal bed at Foster’s in the northwestern 

part of Taylor county, but no coal has yet been discovered in 

connection with the strata at Hawleysville. Crossing over to 

the valley of the West Nodaway, the next exposure of strata 

found were upon the left bank of the stream a little below 

Clarinda, the county seat. Here the same bed of coal is 

found again which is worked at various points in Taylor 

and Adams counties together with their associated strata. 

The coal is here of about the same thickness (from fifteen to 

twenty inches) as in the last named counties, and its 

associated strata have the same general characters. It has 

been mined just below the mill near Clarinda, and also at 

several points within a mile below Fic. 30. 

the mill on the east side of the a 

river. The following section, illus- 

trated by Fig. 30, was measured 

there, commencing with the surface 

of the river as the base of No. 1. 

Section near Clarinda. 

NewS: Hard, bluish; impure limestones. 2 ok gc kao hoes 2 feet. 
Mor smeiluish, Clayeyichale artigo) csc. etka pemeire: ott 114 feet. 

ite ee. | £50] Ress reece samen er cine ot St Et eo Se es 1Yy feet. 

No. 2. Light, bluish, clayey shale, containing fossil plants and 

MES cs, said w' sro ah cnehn arlcke Ave tend RETRO RAS eee ears « 2 feet. 

Noy Ey Wrexposed to the water's edge i954. 500. ...:.5-00s+s-- 10 feet. 
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A short distance below this place, a quarry has been 

opened in some strata of hard, bluish, impure limestone that 

seems to belong beneath those of the foregoing section, but 

their actual relative position was not satisfactorily ascer- 

tained. Near this point a shaft of several feet in depth 
has been sunk with the hope of finding another bed of 

coal. It was reported that such a discovery had actually 

been made there, but no reliable account of the digging could 

be obtained, nor any evidence that any trace of coal had 

been found beneath the bed so well known. 

Going southward about four miles from Clarinda upon the 

west side of the valley, the same bed of coal and its asso- 

ciated strata are again exposed in the banks of a small creek 

Fie. 31. just before it empties into the Nodaway. 

The coal is mined there also upon land 

of Judge Ribble, and the following sec- 

is tion, illustrated by Fig. 31, was 
@):'6" measured there: 

Section at Ribdle’s Coal-bank. 

No.5. Yellowish,shaly, calcameous' clave =o wre ite -ereleaeteiee % feet. 

No. 4: “Hard, heavy, bedded Inmestonerny cer sere eee 216 feet. 

No: 3: “Blush, clayey Shalersces a. o= atreisiers ore tehnttes eatetatetel ere eile ers 216 feet. 

foie eee 610. | Wert mE UAE Sol ld te Uy aiocig Gad 2 Od 14 feet. 

No. 1. Light, bluish, fossilifcrous shaly clay....... Oe emer 1 foot. 

Totaly Peres set tae cit einichere toes 14, feet. 

Proceeding down the valley of the Nodaway, we find a very 

interesting exposure of strata in the right bank of the stream, 

Fie, 32. just below the dam at Brady’s 

_ mill. The locality is very near 

a” the south boundary of the State, 

a2 and the exposure is represented 

a =—{ by the following section, and 

Oe Wie, ae 

Seciion at Brady's Mil. 

No. 7. Yellowish, shaly marl, with occasional thin layers of 

IMpUNe MMESLOUE...\<.- 6. sik steeper em ciate Ole me fee l=» esi 516 feet. 
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MonG. Layer or compact Limestone 1 As 2 <20ie bs sa slots be oe aN Le fopt, 
No. 5. Dark colored, carbonaceous shale, passirg upward into 

MOMEe OMG Cla We Vee Ales Maye cccls ss ss olaved ile 4a wee 6 oele 21 feet. 

No. 4. Layer of compact, bluish, impure limestone............. 1¢ foot. 

No. 3. Bluish, carbouaceous shale, with thia, calcareous seams... 4 feet. 

Nowe. Hands pitish, 1m pune WMmesiOne: 2.0%. sees = oah-ce sates eo 21% feet. 

No. 1. Bluish, concretiouary and shaly limestone............... 11g feet. 

NOI i Ae ge id i RN 17 feet. 

These beds are all thought to belong beneath the horizon 

of the coal bed farther up the valley, and seem to have been 

elevated here by a very slight fold or undulation in the strata. 

Going still further down the valley of the Nodaway, and 

about two miles within the borders of the State of Missouri, 

another exposure of strata is found Fie. 33. 

in the banks of the stream in which 

the same bed of coal is recognized 

that had been so often seen farther 

up the valleys of the same stream 

and its branches. The following , 

section and Fig. 23, represent the Z SEE 

strata exposed there. 

Section twv miles bilow Brady's Mill. 

Noro. pyellouwnsha manly Snaley ov. os.6es cc 8 5 au cle dees ale bias os 

NOt 4a Slalyemmmp Ute MMVESLOMC As. 6 ai, Sete: » wos vial are +!s 3 Sm vy aale'n e's 
INOS os pC Oma ec OUsps idles ce waive tate a Sado ile o's cn eicle' ese ete’ 

BS (Page Wiel OO ve dren RR SE ae Payee a a NR CaRE e EAP  e 

No. 1. Light bluish shale with remaius of plants 

Going westward from the 

valley of the Nodaway, we 

find the next exposures of 

strata in the valley of the 

main Tarkeo. ‘These are 

slightly exposed at intervals 

from the northern to the 

southern boundary of the 

county. The following sec- 

tion, illustrated by Fig 34, 
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was measured in the east valley-side of that stream, on 

section 7, township 70, range 37, near the residence of Hon. 

Joseph Cramer. 

Section near Cramer's. 

No. 5. Yellowish, marly clay with cecasional thin layers of lime- 

SHOMOL Len adlewh thy te Ma gasle 2 Rane RUE OR Spin dane ae ein G6 feet 

No.4.) (Compact, bluish wlimestonese. eee ee eee “1 24% Tee 

Nos 3) eddisheclaye acct. cee eres tS eas iets teen nia eae eee 21¢ feet. 

No: 24 \Bhutsh; marly clay ie: cee ce fe ate eee eee ee 216 feet. 

No. 1. Light bluish, sandy and clayey shales with thin layers of 

fine-grained micaceous sandstone, occasionally showing 

FEPPle MAaTKGs.2 ee lasek at ee al el oR ee eee I eee 20 — feet. 

f Wo) EON nS Poem nN RE ECR rts Tse oolg feet. 

The members of this section, from No. 1 to No. 3 inclusive, 

have a very strong lithological resemblance to, and are, no 

doubt, equivalent with No. 2 and No. 3 of the Winterset 

section, in Madison county. 

Passing down the valley of the Tarkeo from this point we 

find the harder and more durable strata of the foregoing 

section occasionally presenting slight exposures in the valley 

sides, at a nearly uniform elevation above the stream. 

Going westward into the valley of the East Nishnabotany 

we find a few exposures of strata similar to those in the 

valley of the Tarkeo. 

Material Resources. The soil of Page county is every- 

where excellent, a considerable portion of it being Bluff soil 

and the remainder, except the small portion of Alluvial, is 

Drift soil. There is scarcely an acre of it all that may not be 

tilled with facility and profit. So far as the existence of 

mineral resources in this county has been demonstrated they 

consist entirely of its coal and stone. 

The only bed of coal thus far discovered within the limits 

of the county is the one represented in the preceding section, 

and so often seen in the valleys of the Nodaway and its 

branches; and although it has not proved capable alone 

of supplying the inhabitants with necessary fuel, it has 
S 
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neverthelegs thus far supplied a sufficiency of that kind of 

fuel for which there is no substitute for working iron, etc. 

No reasonable doubt can be entertained that the Lower 

coal-measure formation with its beds of coal extends beneath 

Page county; and if the region were a densely populated one, 

and capital abundant, the facts in the case, whatever they 

may be, would soon be demonstrated. While, however, there 

are such good reasons for believing that coal actually exists 

beneath the county, it is proper to caution persons of limited 

means against undertaking the enterprise of sinking a shaft 

in search of it, with the hope of accomplishing the desired 

result with the expenditure of only a few hundred dollars. 

If beds of coal exist at all beneath the one now mined near 

the surface, a profitable one will not probably be reached at 

less than several hundred feet below the surface ; but at the 

same time, there are good reasons for estimating the base 

of all the coal-bearing strata at a less depth than that at 

which coal is profitably mined in other countries. 

Although none of the stone thus far found in Page county 

has proved to be suitable for lime, yet taking the county as 

a whole it is very well supplied with stone for ordinary 

purposes. 

Page county possesses much that is interesting to the 

geologist, although the exposures of strata are fewer than 

they are in many other regions. Many interesting and 

characteristic fossils of the upper coal-measures have been 

collected at the several exposures. The only bed of coal in 

that formation worthy of the name is as well developed here 

as in Adams county. In the valley of the Nodaway near 

Clarinda some teeth of that huge extinct animal, the Mas- 

todon, have been found. 
¥ 

12. FREMONT COUNTY. 

Boundaries and Area. Fremont is the most southwesterly 

county in the state, being bounded on the south by the State 

boundary line, on the west by the Missouri river, and on the 

north and east respectively by Mills and Page counties. It 
45 



———- eene en e ae 

354 COUNTY AND REGIONAL GEOLOGY. 

is a little more than twenty-two miles across from its 

northern to its southern boundary, and about twenty-six 

miles from east to west across its widest part. Its outlier 

is a little more irregular than that of any of the other 

counties before described, on account of the meandering 

course of the Missouri river which forms its western 

boundary. It is estimated to contain about five hundred 

and twenty-four square miles or three hundred and _ thirty- 

five thousand three hundred and sixty acres. 

Drainage and Surface Characters. The greater part of the 

county is drained by the Nishnabotany and its branches, the 

Missouri river itself draining the remainder, which is only a 
small portion. The last named drainage consists of ravines 

and small creeks which reach the great flood-plain froin the 

uplands through the bluffs that border the flood-plain 

throughout the whole extent. All these creeks and ravines 

pour their waters out upon the flood-plain, and none of 

them, not even the largest, reach the river except by per- 

colatiuon through the earth, for they sink away and become 

lost soon after leaving the bluffs, although water may remain 

running in their beds among the blufis during the whole year. 

A very large part of the surface of Fremont county is 

prairie, but yet it possesses quite enough woodland to furnish 

all necessary wood to the inhabitants for fuel and fencing. 

That peculiar lacustrine deposit described in another part 

of this report, under the name of Bluff Deposit, occupies 

almost the entire surface of Fremont county, except the 

bottoms of its valleys, constituting all its soil except 

that of its flood-plains, and even enters largely into the 

composition of the latter also, including that of the great 

flood-plain of the Missouri river. This remarkable deposit 

gives character to the entire surface of the county, which 

differs considerably, even in physical aspect, from any of 

those counties hitherto described. The bluffs which border 

the broad flood-plain of the Missouri river, form the most 

conspicuous feature of its surface, and they extend from 

its northern to its southern boundary. They reach a height 

\ 
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of from one hundred and fifty to nearly three hundred feet 

from the level of the flood-plain. Although they are in most 

places composed almost entirely of that fine homogeneous 

material, designated as Bluff Deposit, they are nearly as 

steep and abrupt as the rocky bluffs of the Mississippi valley. 

In many cases, these bluffs of the Missouri river valley are so 

steep that they appear almost perpendicular, but this is far 

from being. the case, appearances of this kind always being 

deceptive. The steepest fronts will average less than an 

angle of forty-five degrees with the horizon, and the boldest 

and most precipitous one observed, upon which the grass was 

growing, when tested by the clinometer, proved to have an 

angle of only fifty degrees. Some of the ravines which open 

into the flood-plain through these bluffs, are deep, wild 

gorges, such as one would hardly suspect the existence of, 

but they are usually short and end abruptly by slopes so 

steep that one can climb them only with difficulty. 

Proceeding inland from the border of the valley the surface 

quickly becomes much less broken, although the material 

that constitutes the ground for a great depth is the same, 

in the higher parts of the county near the great river reach- 

ing a depth of two hundred feet. The more level inland 

surfaces are prairie, which present much the same general 

appearance that. prairie surfaces elsewhere do, the peculiari- 

ties of the deposit being more especially shown where the 

surface is considerably broken. | 

Coming to the valleys of the East and West Nishnabota- 

ny’s, which have their confluence into a common stream near 
the center of the county, although they have eroded their 

valleys out of this deposit almost alone, we find none of 

those bold, precipitous bluffs, such as border the valley 

of the Missouri river. On the contrary, they are bordered by 

valley-sides of moderate height which gently slope from 

the high general su:face to the lowlands that more imme- 

diately border the streams. The lowlands of these two 

important tributaries of the Missouri river, although resulting 

as such from the same natural causes as the flood-plain of 
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the great river, are nevertheless quite different from it in some 

respects. As one stands upon the uplands that border the 

valley, the lowlands at its bottom, which average about a 

mile in width, appear to be quite as flat as flood-plains 

usually are, but upon going down upon them he finds in 

almost all cases that they slope very gently and uniformly 

from the valley-side to the stream, so that those portions 

only that are immediately adjacent to the stream are reached 

by the floods. This being the character of the lowlands of 

these valleys they are nearly all tillable without drainage. 

The undulatory slope of the valley-sides to the higher surface 

being so gentle, the valley is broad and shallow, averaging 

from three to four miles in width. Thus, although their 

scenery is lacking in boldness, that portion of the county 

traversed by these streams is one of delightful and quiet 

beauty. 

The usual narrow belt of woodland skirts the immediate 

banks of these streams as well as those of their larger 

branches. That part of the county lying east of the West 

Nishnabotany is with these exceptions, all prairie, including 

lowland, slope, and upland alike; but the part lying west of 

that river, and of the main stream below the confluence, 

is well supplied with timber for fuel, fencing, and common 

lumber. Besides the original forest trees that were of mature 

growth when the country was first occupied by white men, 

a dense growth of young trees of all the indigenous species 

have sprung up, covering large areas, and are rapidly 

encroaching upon the prairies wherever the fires have been 

incidentally or intentionally prevented from continuing their 

annual ravages. These trees are of the most vigorous and 

rapid growth, although the soil that supports them is entirely 

composed of that fine homogeneous material that everywhere 

forms the soil and subsoil, extending to a depth far beyond 

the possible reach of the rootlets of adult trees. This fact 

shows conclusively that the original absence of trees upon 

the prairies was not due to the fineness of prairie soil as 

some have supposed. 

oe eae 
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By referring to the descriptions of Ringgold, Union, Adair, 

and other counties to the eastward, it will be seen that the 

Drift Deposit there is stated to be very deep. Going westward 

from that region, we find the drift gradually diminishing in 

thickness until we reach the counties that border upon the 

Missouri river, where it is sometimes found not exceeding 

half a dozen feet in thickness between the stratified rocks 

beneath it, and the Bluff Deposit above it. The Bluff Deposit 

is so deep throughout Fremont county, and the drift so thin, 

it is only at a few points where the latter has been bared by 

the erosion of the valleys that it is seen at all. Thus, only 

the immediate beds of the larger streams contain any 

sand or gravel, while the banks of all of them, and the beds 

also of the smaller branches and creeks, are composed of 

the fine material of the Bluff Deposit, and are usually soft 

and muddy. 

Geology. The strata only of the Upper coal-measures have 

been found exposed in Fremont county, and in consequence of 

the great thickness of the Bluff Deposit, the exposures of these 

are very few. None have been found in the valleys of either 

the Nishnabotany’s, and, with the exception of a slight one 

in the valley of Walnut creek, the only exposures are to be 

found at distant intervals. along the base of the bluffs that 

border the Missouri river flood-plain. They usually extend 

only a few feet in height above the level of the plain, and are 

then lost from sight beneath the Bluff Deposit, or the slight 

intervening accumulation of drift, but in the northwestern 

part of the county a few exposures reach considerable height 

above the general level of the flood-plain. 

On land of Mr. John Wilson, section 23, township 70, range 

43, there are some fine exposures of Upper coal-measure 

strata, which reach the greatest aggregate thickness of any 

yet known within the State; westward from Madison county. 

It is therefore a locality of great interest and importance in 

the study of that formation in southwestern Iowa. The strata 

observed there are represented by Fig. 35, and by the section 

following it. 
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Fig. 35. 
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Section at Wilson’s. 

Yellowish gray, impure limestone, in thin Jayers........ 2 teers 

Limestone in two layers, with a three inch marly parting 214 feet. 

Yellowish, shaly marl ...... big c hie bits. oo hehe tenets Rae eae 1 feet. 

Black, carbonaceous shale ys fe gt. ee eer A oe Ss 1% feet. 

Blush clayey Shale ci... ees eee cele aches) Seen 1 feet. 

Blackcarbenaceous Shaleyjs)4ea—. eee OE eae i foot 

Bluish, marly shale, with numerous fossils .........---- 116 feet. 

Timpurecoal 2.2.0. se elses ee ae eee ++ foot. 
Light-bluish, fossiliferous, shaly clay...........--.----- 2. feet. 

Compact, bluish limestone, with shaly partings........ 4 feet. 

Marly clay, with calcareous concretions...........----- 6 feet. 

Mieht, eray limestone ).\..o.eoca eee BA on Ee 4 feet. 

Unexposed ..:...4. ib.» sve e Sugita dhstiattet tee reteee de Reage mes Fetches eek 6 feet. 

Compact limestone....... uct uals bd ell acd Sa nee 11 feet. 
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Now tay  Miohty cllawich indurated manly. 4.442% jn = 2+ tar 4 feet. 

No. 14. Yellowish, silicious limestone, with flinty concretions... 214 feet. 

No. 18. Yellowish, marly shale, with concretions of impure limc- 

SUOMICH cited aes aia, aic tia a aiejecer ss Dalal ta amen cate ene ache 3 feet. 

No. se; Compact, lmMestione. 62). 2 ee t= 2 oe Repas oie weiss wool ty ifoot. 

No. 11. Yellowish, marly stale ......1 oe ere Eee poe 2 feet. 

Nox 10:, «Gravebimestone, im thick ayers... 22 .\icce ne ole oes cae as 3 feet. 

NGe Orme Talis uC ANTO Ve SIMA Ghia": falare, sal s/t ai'e. (0 «nr jae! ar sa wie a's of ys’ 'e'« ay lf foot. 

No. 2S.) Yellowish silicious limestone 22.2... 150.22 secon cee 114 feet. 

No. %. Compact, gray limestone, with marly partings.......... 16 feet. 

Ge ence MENS in SlmeMlive IAN 15 5 whe), oio'cleie ci oles sired ewig tte qian saree eae es 116 feet. 

Nome Onlpachs lanier Of MMNCSEONE: yl. Ja 2.cjni dss <lel ted wine ani ee 3% foot. 

INO, Bey. LBINTTISL Se nia heeeCG) ey eo eee Pee Un ee roe 216 feet. 

INGOs on Compact, MlUISINMMCShOME 6.2 2s octie cule de decease nae 2 feet. 

PNCOn ree MIS MIN CLA CV SACs crancele eles ca crs cleln's eles s as se os os 4 feet. 

No. 1. Fine-grained, micaceous sandstone...............---+.- 1 foot. 

TCU e eo ees apn oe dhe Ones ae aeianae 8014 feet. 

The lowest member of the foregoing section, No. 1, is only 

a few feet above the general level of the flood-plain, and 

many of the other members appear successively above it in 

the face of the bluff that fronts the flood-plain near Mr. 

Wilson’s residence, while the higher members are found in 

the bed and banks of a small rivulet that comes down from 

the uplands through the bluffs at this point. Along the base 

of the bluffs above this point, as far as the north boundary 

line of the county, frequent exposures are seen of strata 

which are equivalent to a large part of those that constitute 

the lower half of the section at Wilson’s. Southward from 

Mr. Wilson’s, along the base of the bluffs, several exposures 

of the lowest members of that section are seen at long inter- 

vals, always holding about the same relative position above 

the level of the flood-plain, all the way to the town. of 

Hamburg, in the southwestern part of the county. ‘The fine 

grained micaceous sandstone of No. 1, of the foregoing 

section, is seen at the village of Plum Hollow, a couple of 

miles below Mr. Wilson’s, and also at Hamburg, and several 

intermediate points. A few strata were found resting upon 

it at all these points, but none were observed beneath it. It 

is therefore stratigraphically, the lowest stratum found in 
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southwestern Iowa, if we except the lowest strata of Madison 

and Decatur counties. Itis regarded as equivalent with No. 

1, of the section in the valley of the Tarkeo in Page county; 

with No. 2 of the section at Winterset, in Madison county, and 
with No. 2, of the section at Davis’ mill, in Decatur county. It 

will thus be seen that the lowest stratum exposed in Fremont 

county, is regarded as equivalent with strata that further 

eastward are known to be near the base of the Upper coal- 

measures. It is of course inferred that that stratum is also 

near the base of the same formation, unless those beneath 

it have thickened very greatly in their westward extension. 

No doubt is entertained that the thin bed of impure coal 

represented by No. 22, of the section at Wilson’s, is identical 

with the bed of coal that has been opened at various points 

along the valley of the Nodaway, from the centre of Adams 

county, to the southern boundary of the State. The horizon 

of this coal is referred to near the base of the series of lime- 

stone strata exposed near Winterset, in Madison county, and 

above No. 3, of that section, as represented on a previous 

page. If this reference is correct, it will be seen that there is 

a greater agcregate thickness of limestone strata in Fremont 

county, beneath the horizon named, than there is in Madison 

county, which seems plainly to indicate a thickening of the 

strata of the Upper coal-measures to the westward. 

Some borings and excavations have been made at Nebraska 

City, on the west bank of the Missouri river, with the hope of 

finding workable beds of coal among the strata beneath. The 

boring is represented to have reached a depth of four hundred 

feet without passing through a workable bed of coal, although 

two or three thin coaly strata were pierced by the drill. Itis | 

always difficult to obtain from a boring a perfectly clear idea 

of the character of the strata passed through by the drill, but 

judging from the report we obtained from the one in question, 

all the strata seem to resemble closely. in lithological charac- 

ters, those of the Middle coal-measures. If this is really the 

case, it gives evidence of a still greater thickening of the 

strata of the Middle coal-measures than of the Upper. It can 
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hardly be otherwise than that all three of the coal-measure 

formations have thickened in some degree at least from the 

middle of their outer border in Iowa, in which case the boring 

at Nebraska City evidently came much short of reaching the 

base of the Lower coal-measures, even if the drill entered that 

formation at all, where alone we may hope to find the 

thickest beds of coal. Even if no thickening of the formations 

occurs in that direction, the Nebraska City boring was carried 

hardly deep enough to reach the base of the Lower coal- 

measures, (in which relative position the heavy beds of coal 

exist in the valley of the Des Moines), because the aggregate 

thickness of the Middle and Lower coal-measures as actually 

measured in Iowa, is greater than the depth of the boring. 

Material Resources. The soil of Fremont county is an 

inexhaustible source of wealth, for it is almost wholly com- 

posed of that fine lacustrine material known as the Bluft 

Deposit, which is perfectly homogenous from top to bottom, 

and when thrown out upon the surface from a hundred feet 

below it, its fertility is almost as great as that already upon 

the surface. Its mineral resources consist mainly of its stone 

so far as their existence has yet been demonsirated. Large 

quantities of stone may be obtained in the northwestern 

quaiter of the county, the exposures being found only at the 

base of the bluffs that border the flood-plain of the Missouri 

river. The smaller exposures at Plum Hollow and below, as 

_ far as Hamburg, furnish considerable quantities of stone for 

ordinary use, but those extensive exposures at Wilson’s, and 

at other points to the northward, contain much that is fit for 

dressing into caps and sills for buildings, and also excellent 

material for lime. 

Brick clay, properly so called, is quite scarce in Fremont 

county, and yet, very good bricks are made from material 

obtained from the base of the Bluff Deposit, where it joins 

the drift and has received some admixture of is clay. Even 

although the clay contained may amount to only a small 

fraction of the bulk, the lime it always contains seems to act 

as a sufficient flax in burning to cement the minute silicious 
46 
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grains of the bluff material. Thus, very serviceable bricks 
are made, although they are lighter and more porous than 

bricks made from ordinary brick clay are. It is necessary, 

however, that this material should be entirely free from the 

limy concretions which are often found in it, because if present 

in the material when moulded, the burning of the bricks 

converts the concretions into quicklime. The slaking of this 

by moisture absorbed from the atmosphere, or from rains, 
shatters and destroys the bricks. 

After what has been said in the preceding paragraphs, it 
is almost unnecessary to add that no hope is entertained of 

the discovery of a profitable bed of coal in Fremont county 

except by deep mining. For a further explanation of the 

veiws entertained upon this subject, the reader is referred to 

the closing section of the chapter on the Upper coal-measure 

formation. 

None of the soil of Fremont county may be properly called 

drift soil, and only a very small fraction of it has any 

admixture of drift in its composition. The latter occurs 

only in the valleys where the drift has been reached by 

their erosion through the Bluff Deposit. Even the alluvial 

soils of the flood-plains are largely composed of material 

derived from the Bluff Deposit. As to the quality of the soil 

of this county, it may be confidently asserted that no country 

in the world contains soil of greater fertility and that no 

equal area contains a less proportion of untillable land. 

13. MONTGOMERY COUNTY. 

Boundaries and Area. Montgomery county is one of the 

second tier from the southern boundary of the State, and is 

of the same size and quadrangular shape as the majority of 

them. It is three townships, or eighteen miles across from 

its northern to its southern boundary, and twenty-four miles 

in length from east to west. Consequently, it contains four 

hundred and thirty-two square miles, or two hundred and 
seventy-six thousand four hundred and eighty acres. 

Drainage and Surface Characters. Montgomery is 
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eminently a prairie county, all the woodland it contains 

consisting principally of narrow belts bordering the larger 

streams. A young growth of forest trees begins to encroach 

upon the prairies from the valley-sides, wherever the annual 

prairie fires are made to cease, but all the space between the 

valleys is at present gently undulating or rolling prairie. 

The two principal streams of the county are the East Nish- 

nabotany and West Nodaway, but the Walnut and Tarkeo 
drain considerable portions. All these streams have nearly 

a southerly course through the county, which is thoroughly 

drained by them and their tributaries. Although the surface 

has a good degree of diversity, it is not so uneven as to 

render any considerable portion of it inconvenient for cultiva- 

tion with the ordinary appliances. 

The soil is of both drift and bluff origin, the Bluff Deposit 

thinning out upon the drift within this county, but both are 

very fertile and excellent. The valleys of the two principal 

streams mentioned, have the same general characters that 

they have in the other counties to the southward through 

which they pass, and which have already been described. 

Their sides are very gentiy sloping, which gives them the 

appearance of being shallow, although their depth will really 

average about a hundred and fifty feet from the general level 

of the adjacent uplands. 

Geology. The geology of Montgomery county is especially 

interesting from the fact that besides the Upper coal-measure 

strata exposed in different portions, there are also important 

exposures of strata of Cretaceous age in the valley of the 

Nishnabotany, those at the village of Red Oak being the 

most southerly exposures of strata of that age yet Known in 

Iowa. All the exposures of those strata in Montgomery 

county are of sandstone, and from the fact of their being 

most frequently seen in the valley of the Nishnabotany’s, the 

name Nishnabotany sandstone has been applied to the 

formation. This formation constitutes the lowest Cretaceous 

strata yet known in this part of the continent, and in this 

county it is found resting uncomformably upon the Upper 
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coal-measures. The principal exposures of strata occur in 

the valley of the East Nishnabotany, but a few are found in 

the valley of the Nodaway in the northwestern part of the 

county, and also in the valley of the Tarkeo, in the southern 
part. - 

The folowing section, illustrated by Fig. 36, was measured 

at and near Stenneti’s quarries, near the mouth of Pilot 

creek, on the east side of the valley of the Nishnabotany, 

and six miles north of the village of Red Oak. It is the 

most extensive exposure of strata to be found in the county. 

Fie. 36. 
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Section at Stennett’s Quarries. 

No. £0.. Coarse: ferrucinous sandstonem ens Gece se eee eee eee 20. feet. 

No.9. Unexposedens a... v2. a See ee eee foe eee eee 4 feet. 

No: S. Black; fissile, carbonaceous shale’. ..sc- 4... seer eee eee ' 216 feet. 

Ne: 7 Eragmentary, marly limestones. 6... e520 eae eee 5 feet. 

Noh 6.) Compact, gray limestome 4% 2225.32.42 -2e ee ee eee 2.) feet. 

Noss.) Grayish, marly clay... 05) oeeese cee eee 5 ssc oo Ses 2 feet, 

Nos-4pCompact, oray limestone 2. ia0 ccc eee eee ee ae 216 feet. 

No) 3 Gravish, calcareous clay oi. 225 ose coe oe eee 4 feet. 

No. 2. Compact, gray limestone, with dark nodules of flint..... alé feet. 

No. 1. Unexposed from the bed of the creek......:....-...... 7 feet. 

Dota as sc soc SEE AEA eS ote! 5214 feet. 
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Going northward, from Stennett’s into Cass county, both the 

Cretaceous and Upper coal-measure strata are again found 

exposed and will be represented in the geology of that 

county. Going southward, an exposure of the Cretaceous 

sandstone is found on land of Mr. Johnson, section 2, town- 

ship 72, range 38. It occurs in the bank of a small rivulet 

which comes into the Nishnabotany from the eastward. It 

consists of about thirty feet in thickness of the usual coarse 

‘soft sandstone, resting upon variegated, or red and grey 

mottled clay. No other strata were found in connection with 

these at that locality. At Red Oak village a couple of expo- 

sures of the same sandstone are found, each measuring some 

eight or ten feet in thickness, and in the same vicinity Upper 

coal-measure strata are exposed which occupy both higher 

and lower levels respectively than the sandstone does, * 

showing conclusively the unconformability of the latter upon 

the former. Those referred to as being above the level 

occupied by the sandstone are regar- 

ded as equivalent to the upper part of 

the section at Stennett’s, beneath the 

sandstone there, while the lower 

strata at Red Oak are lower than any 

seen at Stennett’s, and doubtless, the 

lowest exposed in the county. They 

are probably equivalent to the lower 

members of the section in the valley of the Tarkeo in Page © 

county. Fig. 37 represents those lower strata in the banks of 

the Nishnabotany at Red Oak. 

Section near Red Oak. 

No. 2. Fine grained sandy and clayey micaceous shale.......... 20 feet. 

iol, Bluish compact impure, limestone, 2). .:$45y oaks cao ee aos. 114 feet. 

TPotaly SUE ay ties as Weems FOR oats Sek u's 211, feet. 

No 1 was found exposed just at the water’s edge. At the 

top of No.2 reddish and bluish clays were obtained in a 

disturbed condition by weathering. They are very similar in 
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character to those seen at Johnson’s, beneath the sandstone; 

and on the banks of a small creek or rivulet near the 

abandoned town of Frankford another exposure of similar 

clay is found with no associated strata. There are some 

reasons for believing that these clays are of Cretaceous age 

like the Nishnabotany sandstone; but no positive evidence of 

it was obtained. Proof, however, of the Cretaceous age of the 

Nishnabotany sandstone was obtained at Red Oak in the 

form of fragments of fossil-leaves of Angiospermous trees of 

species that characterize Cretaceous strata elsewhere. 

Mineral Resources. The mineral resources of Montgomery 

county are comparatively small and confined principally 

to its stone, the local value of which is very great. The same 

thin bed of coal that has been described as being frequently 

exposed in the valley of the Nodaway, is also found in the 

extreme northeast corner of Montgomery county, but although 

some good coal has been taken out there, the bed is too thin 

and poor to be worked with profit. With this exception, 

no other discovery of the kind has been made within its 

limits, and in view of the evidence we have that the Nodaway 

valley coal bed is the only one included within the strata 

of the Upper coal-measures, and that it thins out to the 

westward, it can hardly be expected that it will present a 

workable thickness in other parts of Montgomery county 

if it should be discovered there. Thus we have no present 

encouragement to hope that a workable bed of coal will be 

found occupying a position above the level of the bottom 

of its deepest valleys, and although it may be reasonably 

inferred that coal actually exists beneath that level, it is 

probable that a depth of several hundred feet must be passed 

through before reaching it. 

The sandstone is of comparatively little value, as it is 

usually too soft for any practical use, but the limestone is of 

good quality for all ordinary purposes, and much of it 

makes excellent lime. The most important quarries are 

those of Mr. Wayne Stennett, about six miles north of Red 

Oak. The inhabitants of the whole of Montgomery county 
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and many of those adjoining, are furnished with lime from 

these quarries, and also with a large part of their stone for 

common uses. 

The clay before mentioned as occurring at the base of the 

sandstone exposure at Mr. Johnson’s, a few miles above Red 

Oak, is very plastic, and is reported to have been used for 

common stone-pottery with good success. The red clayey 

bed before mentioned as occurring near Frankford, is so ferru- 

ginous that it may be very properly called clayey ochre. Mr. 

J. B. Packard, of Red Oak, has erected a small mill for 

grinding it into material for paint. When finely ground and 

mixed with linseed oil, it makes a serviceable paint without 

any other admixture where the color is not objectionable. It 

may of course be mixed with white lead, and the color thus 

modified. In chemical composition it somewhat resembles 

the paint known in the market as pecora. 

14. MILLS COUNTY. 

Boundaries and Area. Mills county lies immediately | 

north of Fremont, west of Montgomery, and south of Potta- 

wattamie counties, and is bounded on the west by the 

Missouri river. It is eighteen miles across from its northern 

to its southern boundary, and about twenty-four miles 

in its widest part from east to west. In consequence of 

the meandering course of the great river, it contains some 

small fractions above twelve regular congressional townships, 

and is consequently estimated to contain about two hundred 

and eighty-eight thousand acres. 

Drainage and Surface Characters. The principal streams 

of Mills county are the West Nishnabotany, its tributary 

Silver creek, and Keg creek. The whole surface being 

occupied by the Bluff Deposit, their valleys have the peculiar 

characteristics which it everywhere imparts to those of the 

tributary rivers, somewhat resembling the valleys of the dritt. 

That of the West Nishnabotany is of the same general aspect 

which it and its associate, that of the East Nishnabotany, 
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have in the other counties before described; namely, a broad 

gently inclining flood-plain and gently undulating valley- 

sides, which slope very gradually to the adjacent uplands. 

The character of the smaller valleys is somewhat similar, 

but their flood-plains are proportionally smaller, or often 

almost entirely wanting. The larger streams have eroded 

their valleys through the Bluff Deposit down to the Drift in a 

few places, so that the immediate beds have a small propor- 

tion of gravel and sand, yet the banks are almost invariably 

muddy, being composed of the fine material of the Bluff 

Deposit. The character of the great flood-plain of the 

Missouri river has already been described in the early part 

of this chapter, and the character of the bluffs that border it 

have also been described in the chapter on surface deposits. 

The highest land in the county is almost three hundred feet 

above the level of the great flood-plain. The eastern two- 

thirds of the county is principally prairie, but the western 

third contains much woodland, a large part of it being 

covered with a thrifty growth of young indigenous forest trees 

that have sprung up spontaneously as soon as the annual 

prairie fires ceased by inhabitation of the region, and cultiva- 

tion of a large part of its soil. The general aspect of the 

county is one of much beauty, particularly along the valleys 

of the larger streams; and the ranges of bluffs that border the 

flood-plain of the Missouri river are often very picturesque. 

Geology. With the exception of two or three exposures of 

the Nishnabotany sandstone near each other in the north- 

eastern corner of the county, all the stratified rocks yet 

observed within its limits belong to the Upper coal-measures. 

The principal exposures of the Nishnabotany sandstone in 

this county are on section 23, township 73, range 40, and 

appear in the east valley-side of the Nishnabotany just 

below Farm creek. These exposures where opened for 

quairies, are from ten to fifteen feet in thickness, consisting 

almost entirely of coarse-grained ferruginous sandstone, 

somewhat irregularly bedded, with occasional slight inter- 

calations of clayey matcrial. 
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The only exposures of Upper coal-measure strata in the 

county are found in the valley of the Nishnabotany, or at or 

near the base of the bluffs that border the Missouri river 

‘flood-plain. Near the exposures of sandstone before men- 

tioned there is a slight exposure of Upper coal-measure 

limestone, referable to a horizon nearly corresponding with 

the coal-bed in the valley of the Nodaway. On section 5, 

township 71, range 41, two or three small exposures of 

impure, yellowish limestone and calcareous shales were 

found, which are referred to about the same horizon. At 

Glenwood, in the valley of Keg creek, and not far from 

where it enters the great flood- Fic. 38. 

plain, the following section was 

measured, which is referred to 

a horizon a few feet below that 

of the last named exposures. 

These are all that have yet been 

observed in Mills county, except 

those important exposures along 

the base of the Missouri river 

bluffs. 

Di rege Pets EPI IOe Fe Sclos en 52 Cet ehade ke. ckee beucs ec 15 — feet 

ey iNET ee eh le anes Sicha are ie Nin da cd oc weiGde yecae oe 5 feet 

No; 4), Dark-colered: carbonaceous sliale..........5-.2...-..--- ft). fook 

No. 3. Compact, dark-cclored limestone. .................020-- 2 feet. 

ON Sy) Tn e's St OE ee 4 feet. 

No.1 Sandstewe: (een a wellle cn. 6.5 oss ned aewss Skee ons wns 2 ‘feet. 

The same layers of limestone represented in this section 

are also exposed together with a few others, about a mile 

further down the creek in the right valley-side. Going 

down the valley of the Missouri along the base of the bluffs 

we find some very extensive and valuable exposures of lime- 

stone in the face of the bluffs at their base. These exposures 

are six or eight miles southward from Glenwood and not 

far from the line of the Council Bluffs and St. Joseph 
AT 
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railroad. The aggregate thickness of the strata exposed here 
varies at the different points where they are seen, but the 

highest are not quite so high in the series as the upper 
part of the section at Wilson’s, in Fremont county, and only - 
six miles below here. They comprise only the equivalent 

of about the lower two-thirds of that section, the greater 

part being limestone. There is evidence that in this part of 

Mills county the equivalents of the upper portion of the 

section at Wilson’s, once existed here in their order above the 

others, but that they have been removed by glacial action. 

Near the house of Mr. Joseph Shaw, on section 16, township 

71, range 43, very distinct glacial scratches were seen upon 

the upper surface of an upper layer of limestone. The 

natural inequalities of the bedding surface had been removed, 

leaving a plain and level surface upon which there were two 

distinct sets of striz that are fully described in another part 
of this report. 

A good idea of the general character of the strata exposed 

in this vicinity, may be obtained by referring to the sectivun at 

Wilson’s, in Fremont county, and only a few miles distant, 

therefore no illustration of them is given here. Besides these 

and the other exposures before described, there are a few 

small ones of the same limestone at. the base of the bluffs, 

a little above the point at which Pony creek enters the great 

flood-plain. These are all the exposures yet observed in 

Mills county, the deep deposit of bluff material having 

generally covered the strata from sight. 

Material Resources. The soil of Mills county is almost 

wholly bluff soil, except that of the flood-plains of the rivers, 

and this also is largely composed of the same material. It 

is all of remarkable fertility, and the resources to be derived 

from it in the future are in no danger of being over-estimated. 

The other resources of the county consist almost entirely of 

its stone and wood, The most important stone quarries are 

those along the base of the bluffs in the southwestern part. 

The other exposures, although small, have a great local 

value, but these of the southwestern part of the county, are of 
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such a character that they would be valuable in any region. 

All of the stone is suitable for ordinary purposes, and for the 

production of lime, and many of the layers also furnish 

blocks suitable for bridge building, and for dressing into 

caps and sills for buildings. The localities in this vicinity 

may be made to furnish an abundance of the material 

mentioned. 

Mr. Peter Cooper has quarried and dressed considerable 

quantities of the Nishnabotany sandstone at the exposures 

before mentioned, in the northeastern part of the county. 

This stone serves a very good purpose for some parts of 

buildings, if selected with care, but it is too soft, even after 

it has received its usual hardening by exposure, for those 

structures which require great strength of material. 

Although the vertical range of the Upper coal-measure 

strata of Mills county includes the horizon of the Nodaway 

valley ‘coal-bed, yet the coal itself has not yet been found 

within its limits. Consequently, if coal is ever obtained, it 

must be sought by deep mining beneath the level of its 

deepest valleys. As to the probabilities of finding it by 

such mining, the reader is referred to the closing section of 

_ the chapter on the Upper coal-measures in another part of 

this report. 

The county is well supplied with fuel from its woodlands, 

and the young growth of indigenous forest trees before men- 

tioned, is increasing so rapidly that there is no cause to fear 

that the supply from this source will become exhausted. 

15. CASS COUNTY. 

Boundaries and Area. Cass, is the second county east- 

ward from the Missouri river in the third tier from the 

southern boundary of the State, lying east of Pottawattamie 

and west of Adair counties. It is exactly square in outline, 

being twenty-four miles from east to west and the same from 

north to south. Consequently, it contains five hundred and 

seventy-six square miles, or three hundred and sixty-eight 

thousand six hundred and forty acres. 
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Drainage and Surface Characters. It is drained prin- 
cipally by the upper branches of the West Nodaway and the 

East Nishnabotany. ‘These upper branches are designated 

as creeks in this county, as such small streams should always 

be, and have separate names applied to them. Thus, the 

main branch of the Nodaway, which drains the southeastern 

part, is called Sixteen Mile creek, while in the northeastern 

part the East Nishnabotany becomes divided up into Indian, 

Buck, Troublesome, Turkey, and other creeks and loses its 

identity inthem. These creeks drain the county completely, 

and give considerable diversity to its surface. The whole of 

the county lies within the area drained by the tributaries of 

the Missouri river, but its extreme northeastern corner reaches 

almost to the Great Watershed. It is estimated from the 

neighboring levels along the line of the Chicago, Rock Island, 

and Pacific Railroad, that this corner of the county is about 

nine hundred and twenty feet above low water in the Missis- 

sippi river at Davenport, or one thousand four hundred and 

forty-eight feet above the level of the sea. 

Much the greater part of the surface is prairie, and between 

the valleys of the larger streams it is, as usual, gently undu- 

lating. The character of the valleys of its creeks is almost 

entirely that of the drift valleys, the sides being gently 

sloping, and nowhere steep. A few exposures of rock in the 

valley of the Nishnabotany, produce some steepness of its 

sides at a few points, but these are rare exceptions. The 

Bluff Deposit thins out upon the surface of the uplands in 

the western part of the county, so that the greater part of the 

soil is the fine drift soil of the prairies. The general aspect 

of the eastern half of the county is that usually presented by 

the gently undulating prairies of southwestern Iowa, but the 

western half, in the vicinity of the streams, is rather more 

diversified. ‘The valley of the Nishnabotany still retains its 

characteristic beauty in this county, until it becomes subdi- 

vided into the numerous creeks before mentioned. The 

valleys of these creeks produce a pleasing diversity of surface 

in that part of the county drained by them. — 
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Geology. The stratified rocks of Cass county, which 

immediately underlie the surface deposits, are of Upper coal- 

measure and Cretaceous age. Those of the latter age are the 

lower strata of Nishnabotany sandstone, and rest uncon- 

formably upon the Upper coal-measure strata. Their 

exposures are isolated, comparatively small, and have the 

general appearance of outliers separated by denudation from 

the body of the formation as they doubtless are. The most 

important of these exposures is at the the town of Lewis, in 

the east valley-side of the Nishnabotany, where itreaches a 

known thickness of about sixteen feet, but is doubtless much 

thicker there further beneath the drift. Besides several 

' smaller exposures of it within a few miles of Lewis, it also 

appears on section 5, township 76, range 35; section 33, town- 

ship 75, range 36; section 22, township 74, range 35, and on 

section 3, township 74, range 37. ‘This sandstone, like that of 

the same formation in Mills and Montgomery counties, is 

usually too soft for any practical use, but at Lewis it is 

bedded with considerable regularity, and possesses a good 

degree of firmness. At the last named locality it is darker 

than usual, being mostly of a dark brown color. At Lewis, 

and also at other localities, the Nishnabotany sandstone 

contains occasional isolated lumps of clayey shale imbedded 

in the stone. They were evidently rounded by attrition in 

water, and imbedded in the mass, while the whole was in the 

form of moving sand. It is suspected that these clayey 

lumps were detached from coal-measure strata, but no 

fossils were found in them which might have proved it. 

Fic. 39. The most important exposures 

2 Of the Upper coal-measure lime- 
stone are also found in the 

“6” immediate vicinity of Lewis. The 

“ accompanying section, illustrated 

by Fig. 39, was measured just 

below the mill at that place, in 

the right bank of the Nishnabo- 
tany. 

i 

2 (a es 
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Section at Lewis. 

No. 10. Yellowish, marly clay, with occasional thin calcareous 

Tay CTS es pw Reet sieht cle ee eine eee es eee ae 2 feet. 

No. 9, ‘Grayishjicompacivimestome (72) ene see eee 2% foot. 

INO: *8. Miamlay ielaiyicgos Nee eee cio ta. eer ciel oe ae ee nee 4 feet. 

No. %. Fragmentary limestone, with flinty nodules............. 116 feet. 

No... 6. *Grayish, compactiimestone 54-241 oo eee ee ee 216 feet. 

No. 5. Dark icolored'carbomaceousshale-.. 2.22 eerie. a ee 1s foot. 

No. 4. Dark colored, concretionary, and very flinty limestone .. 3 feet. 

No., 3: Yellowishvandiblnigh manhyiela vse spies tore 10: feet, 

No.,, 2.) Grays TimestOme tenes his eget eet. yea We eee oem ee eee 1. ~ foot. 

No. 1 Mellowiash, manly relays. <a eevee cytes eyoriee eee eee ener 2 feet. 

PoOtal.. Pye es Mave sdebesoh Sia ere te Sel atten =, eens 27 feet. 

No. 1 was partially hidden beneath the water of the river, 

and upon its shores numerous fragments of black, laminated, 

carbonaceous shale were seen, doubtless derived from a bed 

of that material in the bottom of the stream. 

There are frequent exposures of these strata of limestone 

and shales in the valley-sides of the Nishnabotany, at 

intervals, for three or four miles below Lewis. Going up 

Turkey creek, northward from Lewis, three or four miles, 

several exposures of limestone, marly clays, and shales were 

observed, all of which are regarded as belonging within the 

vertical range of the section at Lewis. 
Fie. 40. 

The following section was measured in 

the bank of a small creek called ‘‘ Chap- 
man’s branch,” about a mile above Lewis. 

It is illustrated by Fig. 40. 

= = 
een - 

-? 
°° 
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Section at Chapman’s Branch. 

No.d)) Vellowish: marly clays. heeanec aa cn 6 5 eee ee eee 2 feet: 

No. 49 Black carbonaceousshale, Jah. ..c.ce eee cee eee 1¢ foot. 

No.3. sClay. resembling fireclay. .29e.- 22... eee Reese 1¢ foot. 

No. 2. Bluish, compact limestone............... Oe a a a see 114 feet. 

No. bk Black carbonaceous shale..k 2)Gle eee Reem eee ce. 216 feet. 

otal oc ieiwk vee ee meee 7% feet. 
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About a mile further northward from 

Lewis, on section 1, township 75, range 

37, the following measurements were 

made of strata exposed in the left bank , 
of Turkey creek and illustrated by 7¢ 

Fig. 41. 

Section on Turkey Creek. 

No. 5. Yellowish, calcareous clay, containing small masses of lime- 

stone, almost eatirely composed of Fusulina cylindrica... 2 feet. 

ie re weriwinh. GCLICAEPONA SAIS... oa ek scape ce coe seen ee 5 . feet. 

No. 3. Limestone with flinty concretions .......... Dee apaitatt 2 114 feet. 

No. 2. Yellowish, marly clay, with one thin band of black car- 

LD DES as 7 IL 8 Beales ie ee ea ee Als feet. 

Nett. Blnish Epmp7e., MMESONE! oe cs beds ec. be eon tees esses tf . foot. 

Perse oe ee tesa cee tel seu tt oe 14 feet. 

No. 1 of this section is regarded as equivalent with No. 

2 of the section on Chapman’s branch, and both of these, 

equivalent with No. 2 of the section near Lewis. 

A number of exposures of strata, belonging within the 

same vertical range, also occur along the valley of Indian 

creek, a few miles westward from Lewis. 

In the southern part of the county, in the valley of Sixteen 

Mile and Seven Mile creeks, there are also considerable expo- 

sures of Upper coal-measure strata, principally limestone. 

They are usually small and unimportant, but some seen on 

section 31, township 74, range 35, were about thirty feet in 

vertical thickness, yet they were so incompletely exposed in 

the valley-side that no satisfactory measurement of them was 

made. They are, however, referred to about the same strati- 

graphical horizon as that of the strata exposed near Lewis. 

Thus, all the strata exposed in the county, except the 

Nishnabotany sandstone, are all referred to the Upper 

coal-measure formation, and all, apparently, confined to a 

vertical range of forty feet at most. This range is regarded 

as about equivalent to the lower half of the limestone strata 

above No. 3 of the Winterset section, and also includes the 

horizon of the Nodaway valley coal-bed. 
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Material Resowrces. It is possible that the Nodaway 

valley coal-bed may yet be found in Cass county, but if ever 

discovered, it will probably be much too thin and poor for 

profitable working, and the only hope of obtaining a supply 

of coal, within the limits of the county, is by deep mining. 

Should such explorations along the valley of Middle river, 

as have been suggested, ever be made and should prove 

successful, similar enterprises might be undertaken along the 

valley of the Nishnabotany, in Cass county, with great 

confidence of success. 

The stone of Cass county is of considerable value, par- 

ticularly so, as large regions lying adjacent to it in other 

counties are destitute of stone and must be supplied from 

this. The exposure of Nishnabotany sandstone, at Lewis, is 

the only one at which it has proved to be of any practical 

value. Here considerable quantities of it have been used for 

the construction of houses and for other purposes. For 

ordinary dwellings, its dark-brown color gives the structure 

a sombre and gloomy aspect, but this color would not be 

objectionable in buildings of other styles of architecture, 

such, for example, as a small gothic church or chapel. 

Any desired quantities of stone for common building 

purposes and for the manufacture of lime may be had at 

and in the vicinity of Lewis. Some of the strata there 

will also furnish good blocks for dressing into caps and 

sills for buildings. Large quantities of the same material 

may be also obtained in the valley of Sixteen Mile creek. 

The soil of Cass county is of that abundant fertility which 

characterizes the soil of the whole region, and will always 

prove the constant and principal source of wealth to the 

inhabitants. The western and southern portions are tole- 

rably well supplied with fuel from the woodlands there, 

and the growth of young forest trees is so rapid that 

abundant future supplies may be derived from this source. 

16. POTTAWATTAMIE COUNTY. 

Boundaries and Area. With the exception of Kossuth, 
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as that county, up to the present year, has been organized, 

Pottawattamie county is the largest one in the State. The 

meanderings of the Missouri river, which forms its western 

boundary gives a slight indefiniteness: to an estimate-of its 

superficial area, but it is not far from nine hundred and sixty 

square miles, or six hundred and fourteen thousand four 

hundred acres. Its greatest breadth from east to west is 

forty-three miles, while its width is twenty-four miles, the 

same as that of the majority of the counties of the third tier 

from the southern boundary of the State, Pottawattamie 

being the most westerly one of that tier. 

Drainage and Surface Characters. The principal streams 

of the county are the Kast and West Nishnabotany rivers, 

and Pigeon, Mosquito, Keg, Silver, and Walnut creeks. 

These all have their courses more or less to the west of 

southward, and drain the county very completely. 

All except a fraction of the surface of Pottawattamie 

county is, or originally was, prairie, but the opening of 

farms and the encroachment of the young growth of forest 

trees is fast changing its primitive aspect in this respect. 

The general surface is of the usual undulatory character 

common to the prairie region occupied by the Bluff Deposit, 

which includes the whole of Pottawattamie county. The 

Bluff Deposit becomes very thin in the eastern part, but is 

gradually thickened to the west. The drift very rarely 

appears anywhere in the county, but in the beds of the 

streams and larger creeks its gravel and sand is to be seen 

at low water, and slight exposures of it also appear beneath 

the Bluff Deposit, at the base of the bluffs that border the 

great flood-plain. In the latter case, it is usually altered 

drift. The East Nishnabotany has but a short portion of 

its course lying in this county, and that in its extreme 

southeastern part. Its valley here retains the beauty 

which characterizes it in the counties to the southward, and 

the same may be said of the valley of the West Nishna- 

botany, which also traverses the county from its northern to 

its southern boundary. The northern half of that portion 
48 
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of the latter valley which lies within Pottawattamie county, 
however, is merely that of a prairie stream, but there are 

considerable bodies of woodland in the southern half of it. 

The greater part of the surface of the county has a con- 

siderable degree of monotony in general aspect, owing to 

the extensive prairie surfaces, but the region adjacent to 

the valley of the Missouri river, along the whole western 

border of the county, is one of strange and interesting 

beauty, the most conspicuous features of the landscape 

being the broad fertile flood-plain of the Missouri river 

and the continuous range of bluffs that border it, all of 

which have been already described. 

Geology. Owing to the great depth of the Bluff Deposit, 

exposures of strata are very few, but all the strata of the 

county immediately beneath the surface deposits are, without 

doubt, of Upper coal-measure and Cretaceous age. Only one 

exposure of rocks of the latter age has been observed within 

its limits. This is in the valley of the East Nishnabotany, 

near the southeast corner of the county, on section 36, town- 

ship 75, range 38. Its full exposed thickness at this point 

is about thirty feet, and the continuous front of the exposure 

is several hundred feet in length. The stone is the usual 

yellowish, coarse-grained sandstone, too soft here for any 

practical use. 

No exposures of Upper coal-measure strata were found in 

the valley of the East Nishnabotany in this county, although 

several extensive ones occur in the same valley in Cass 

and Montgomery counties, not far distant. In the southern 

part of the county, on section 21, township 74, range 40, near 

Fie. 42. the left bank of the West Nishnabotany, 

z = ‘there is a small exposure of the Upper 

coal-measure strata. The exposure is 

near Macedonia post office, and a little 

below Stutsman’s mill, and is repre- 

sented by Fig. 42. 
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Section at Stutsman’s Mill. 

No: 3) Layer of grayish limestone 2. 2.0'..65 003 csec eres eae oe. +3 foot. 
IOs 2s Detect a pien t SAL YS CIB. cis otzs see be wales «id opie de eed des ‘4 feet. 

Sera ese tn Eee MUTI V SUING 9) Shs. no Neo ae) Jot einai mx ajo Nae .0 o. eke, ayernsate’s oie sie 10 feet. 

Tt. ABE a a ames ieee ie ete Mg 14+$ feet. 

Going up the east side of the valley about a mile above the 

old mill, several exposures of limestone are seen in the 

valley-side, comprising six or eight feet in thickness of 

erayish limestone, crowded with the shelly remains of 

Fusulina cylindrica. At the water’s edge in the same 

vicinity, and of course holding a position beneath the lime- 

stone, some slight exposures of carbonaceous shale and 

calcareous fossiliferous clay were observed. The inhabitants 

report the existence at the last named locality of a thin seam 

of coal near the bank of the river. This was not seen, but 

since the strata there occupy about the same horizon as 

the Nodaway valley coal-bed, it is not improbable that such 

a seam exists there, yet it is thought improbable that it will 

be found of profitable thickness. 

Going westward to the valley of Mosquito gates we find in 

its left bank, about three miles west of Council Bluffs, some 

important exposures of limestone with marly partings, 

presenting a vertical thickness of about seven feet, all of 

which are referred to the same horizon as the exposure below 

the mill near Lewis. Important quarries have been opened 

here for obtaining building material and for lime-burning. 

Some of the upper layers are flinty, like some of those at 

Lewis, and considerable quantities of flint are mixed in the 

very slight deposit of drift that occurs here, which has a 

thickness of only two or three feet in some places between the 

Bluff Deposit and the limestone. ; 

Six miles north of Council Bluffs, there Fie. 43. _ 

is another exposure of the same lime- 

' stone, and apparently representatives, in oe 

part, of the same layers just mentioned. . 
The exposure is at the base of the bluffs , (== 
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that border the great flood-plain of the Missouri, and near 

the railroad track a short distance below the town of 

Crescent: The following named strata are found there: 

Section near Crescent. 

No. 3. Light, brownish eray. limestone. ee eee eee NS OKO) 

No. 2) Liehtisray, oolitic limestones rm ase sss eee eee 216 feet. 

No. 1. Impureconeretionary limestone.) ss. 1sc4 0) eee 1 foot. 

TOGA s aie tiers elds eae cl sets Caseketc ace eee eee Ne ae Ale feet. 

Near the place were these strata are exposed, a shaft was 

sunk about twenty feet in depth, which passed through much 

yellowish, marly shale and occasional layers of impure 

limestone. Near the bottom, a layer of black laminated 

carbonaceous shale was found, which has the same general 

character as that so often found among the strata of all the 

coal-measures. These exposures of strata hitherto mentioned 

are the only ones that have been observed within the limits of 
this great county. 

Material Resowrces. Almost every acre of the surface of 

Pottawattamie county is not only very fertile, but tillable; 

and when it is remembered that it contains more than half a 

million of acres of tillable land, some idea may be obtained 

of the magnitude of the resources that may be annually drawn 

from its soil. Its other resources, at present available, 

consist of its stone and forest trees. Its stone, as will appear 

from the foregoing paragraphs upon its geology, is not abun- 

dant; but good lime has been prepared from the limestone at 

Stutsman’s mill, on Mosquito creek, and near Crescent; and 

the stone at all these places is also suitable for ordinary 

building purposes, and some of it for dressing. The Nishna- 

botany sandstone, before mentioned as being exposed in the 

Kast Nishnabotany, is there much too soft for any economic 

purpose. 

Along the base of the bluffs, between Crescent and Council 

Bluffs and elsewhere, the altered drift, consisting of more 

or less distinctly stratified sand and gravel, has become 
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cemented in some cases into a stony mass by the lime of 

the limy water which percolates from the higher surfaces 

through the Bluff Deposit. These, although sometimes 

quite firmly cemented, are practically worthless, and are 

mentioned here from the fact only that some have supposed 

them to be parts of regular ledges of stratified rocks. This 

is not the case, because the cementing process has usually 

extended only few feet inward from the surface. 

Wood is not in sufficient abundance in this county to 

supply at once a population with fuel that its soil is capable 

of supplying with food, but that:soil may itself be made to 

supply all desired quantities of fuel in the form of forest 

trees within a few years after planting them. 

Some very good bricks are made from a mixture of the 

Bluff and Drift materials in the vicinity of Council Bluffs; 

but good brick clays are nowhere abundant in this county. 
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GLOSSARY. 

ACERVULARIA, a genus of fossil corals. 

ACTINOCRINUS, a genus of crinoids. 

AGARICOCRINUS, a genus of crinoids. 

ALLORISMA, a geaus of fossil bivalve shells. 

“ALLUVIAL, pertainiug to floods of rivers, or to alluvium. 

ALLUVIUM, deposits caused by floods. 

AMPLEXUS, a gesus of fossil corals. 

ANTHRA‘ ITE, hard mineral coal, not bituminous. 

ANTICLINAL AXIS, a given line or ridge from which strata dip in both 

directions. 

ANTLIODUS, a genus of fossil fishes. 

ARCHIMEDES, a genus of Polyzoans with a spiral axis. 

ARENACEUUS, sandy, containing sand. 

ARGILLACEUUS, clayey, contaiuicg clay. 

ATHYRIS, a genus of fossil bivalve shells. 

ATRYPA, a genus of fossil bivalve shells, 

AULOPORA, a gesus of fossil corals. 

AULOSTEGEHS, a genus of fossil bivalve shells. 

AVICULA, a geuus of bivalve shells. 

AVICULUPEUTEN, a genus of fossil bivalve shells. 

AXOPHYLLUM, a genus of fossil corals. 

AZOIC, literally, without life. 

AZOIC STRATA, those believed to have been formed before life existed upon 

the earth. 

BELLEROPHON, a genus of fossil univalve shells. 

BEYRICHIA, a genus of minute crustaceans. 

BOTTOM, the low flat land of river-valleys, flood -plains. 

BOULDER, a transported mass of rock, usually rounded. 

BRACHIOPODA, a class of mollusks. 

BRECCIA, rock composed of angular fragments of rock or other substances 

consolidated. 
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CALAMITES, a genus of fossil plants. 

CALCAREOUS, limy, containing lime. 

CAMPOPHYLLUM, a genus of fossil corals. 

CEPHALOPODA, the highest class of mollusks. 

CHAT «i ES, a genus of fossil corals. 

CHERT, coarse, fragmentary, flinty material. 

CHOMATODUS, a genus of fossil fishes. 

CHONETES, a genus of fossil bivalve shells. 

CLADODUWS, a genus of fossil fishes. 

COAL-FIELD, a region in which coal is, or may be found. 

COAL-MEASURES, (see page 281.) 

CONFORMABLE STRATA, those lying parallel upon each other. 

CONGLOMERATE, pebbles and sand consolidated into rock. 

CONIFER, a sub-class of plants, including the pines and cedars. 

CRANSIA, a genus of shells. 

CREEKS, a name commoaly applied in America to small tributaries of rivers. 

CRETACEOUS, chalky, the formation of the same geological age as the chalk 

of Europe. 

CRINOIDS, a family of radiates, related to the star—fishes. 

CRUS fACEANS, an order of animals, including lobsters, crabs, crayfish, ete. 

CRYPTACANTHIA, a geans of fossil bivalve shells. 

CYATHOPHYLLUM, ageuus of fossil corals. 

CYRTIA, agenus of fossil bivalve shells. 

CYTHERE, a genus of minute crustaceans. 

CYTHERINA, a genus of minute crustaceans. 

DEBRIS, broken or comminuted fragments of rocks. 

DELTODUS, a gerus of fossil fishes. 

DENUDATION, the wearing away of some portions of strata, or deposits from 

the priacipal portion. 

DETRITUS, fragmeats, or comminuted material wora from rocks. 

DILUVIAL, pertaining to floods. 

DISCINA, a genus of shells. 

DOLOMITE, magnesian limestone. 

DRIFT, the deposits which contains the boulders. 

DRIFTING, (a miner’s term), digging a way horizontally into or within a 

mine. 

DREPANACANTHUS, a genus of fossil fishes. 

ESCARPMENT, a steep or precipitous exposure of strata. 

EKUOMPHALUS, a genus of fossil univalve shells. 

FAULT, an abrupt break in the continuity of strata, by elevation or depression 

upon oneside or the other of the break. 

FAUNA, (as used in geology), all the animal remains of a formation, group or 

system. 
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FAVOSITES, a genus of fossil corals. 

FERRUGINOUS, containing iron. 

FIRE-CLAY, a common name for the clay beneath the beds of coal. It is very 

seldom suitable for fire-brick. 

FISSILE, easily cleft into thin pieces. 

FLORA (as used in geology), all the remains of vegetation of a formation, 

group, or system. 

FLUVATILE, belonging to rivers. 

FORAMINIFERA, an order of Protozvan shells. 

FUCOIDES, sea-weeds. 

GANOIDS, an order of fishes. 

GASTEROPODA, a class of mollusks. 

GEODE, a hollow, concretionary, stony mass, lined with crystals. 

GLACIAL, pertaining to glaciers. 

GLACIER, a very slowly moving body of ice upon the earth of great thickness 

and covering a large area. 

GRIT, coarse sandstone. 

HELODUS, a genus of fossil-fishes. 

HEMIPRONITES, a genus of fossil bivalve shells. 

HOLOPTYCHIUS, a genus of fossil fishes. 

INOCERAMUS, a genus of fossil bivalve shells. 

IN SITU (Latin), in place, that is, as applied to rocks not disturbed from the 

position in which they were formed. 

LACUSTRINE, belonging to lakes. 

LAMELLIBRANCHIATA, a class of mollusks. 

LAMINATED, composed of very thin layers. 

LEPIDODENDRON, a genus of fossil trees. 

LITHOSTROTION, a genus of fossil corals. 

LINGULA, a genus of bivalve shells. 

MARLITE, marl which has become somewhat stony in character. 

MEEKELLA, a genus of fossils shells. 

METAMORPHIC ROCKS, those which have become much hardened, crysta— 

line, or otherwise much changed from their original texture. 

MICACEOUS, containing mica. 

MOLLUSKS, the sub-kingdom of animals which includes all the so-called 
shell fish. 

MURCHISONIA, a genus of fossil univalve shells. 

MYALINA, a genus of fossil shells. 

ORACANTHUS, a genus of fossil fishes. 

ORODUS, a genus of fossil fishes. 

ORTHIS, a genus of fossil bivalve shells. 

ORTHOCERAS, a genus of fosssl shells related to the nautilus. 

49 
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PALZONTOLOGY, the science which treats of fossi] remains. 

PENTREMITES, a genus of fossils related to the star-fishes.. 

PHILLIPSIA, a genus of trilobites. 

PINNA, a genus of bivalve shells. 

PLATYCRINUS, a genus of fossil crinoids. 

PLEUROTOMARIA, a genus of fossil univalve shells. 

POLYZOA, a low class of mollusks. 

PRODUCTUS, a genus of bivalve shells. 

PROTOZOANS, an indistinctly defined branch of the animal kingdom, inclu— 

ding the lowest forms. 

PSAMMODUS, a genus of fossil fishes. 

PTEROPODA, a class of swimming mollusks. 

QUARTZITEH, metamorphic sandstone. 

RECEPTACULITES, a fossil coral-like body, probably foraminiferous. 

RETZIA, a genus of bivalve shells. 

RHODOCRINUS, a genus of fossil crinoids. 

RHYNCHONELLA, a genus of bivalve shells. : 

SANDALODUS, a genus of fossil fishes. 

SELACHIANS, an order of fishes including the sharks and others. 

SEPTARIA, argillaceous stony masses, traversed in different directions by 

veins of purer mineral substance; usually lenticular in form and probably 

— ealled ‘ petrified turtles.” 

SHAFT, a perpendicular way into 4 mine. 

SMITHIA, a genus of fossil corals. 

SPIRIFER, a genus of fossil bivalve shells. 

STRATUM, (plural, strata), a layer or bed as applied in geology. 

STROPHODONTA, a genus of fossil bivalve shells. 

SYNCLINAL AXIS, a given line toward which strata dip in both directions. 

SYRINGOPORA, a genus of fossil corals. 

TRILOBITE, a family of fossil crustaceans related to the horse-foot crab. 

TUFA, calcareous, stony masses, usually very porous, formed by deposition 

from water of springs holding carbonate of lime in solution. 

WALDHEIMIA, a genus of fossil bivalve shells. 

ZAPHRENTIS, a genus of fossil corals. 

—— 
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ERRATA. 

Page 98, 16th line from top, for “ glacial-scored,” read “ glacier-scored.” 

Page 122, 6th line from the bottom, for “analysis,” read “analyses.” 

Page 195, 13th line from the top, add “in Washington’? before “county.” 

Page 201, 10th line from the top, for ‘“‘ Brachiopa,” read “‘ Brachiopoda.” 

Page 201, 18th line from the top, for “Tavosites,” read ‘“ Favosites.” 

Page 201, 4th line from the bottom, for « ENCRIMTAL,” read ‘“ ENCRINITAL.” 

Page 220, 3d line from the bottom, for “ Holoptychins,” read “‘ Holoptychius.” 

Page 221, 2d line from the bottom, for “canadeuse,” read ‘“‘ Canadense.”’ 

Page 241, 9th line from the top, for “canda-galli,’”’ read “ cauda-galli.” 

Page 262, 8th line from the top, erase the word “there.” 

Page 271, 4th line from the bottom, for “species,” read “ spines.” 

Page 301, 9th line from the top, for “ None.” read “ Some.” 
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