




ADDENDA AND CORRIGENDA. 

Page 168. Lime Springs, total solids, 540, should read, 462. 
Page 169. Sumner, depth of well, 1,740, should read 1,720. 
Page 175. After "Out," third line from top, add-of the '19 counties only 8 

have deep wells. It is of 
Page 183. Grinnell, John Goodfellow, change a to d. 
Page 201. Centerville, city (No. 1) and (No.2) , should read (No. 2) and 

(No. 3.) 
Pag,e 211. Table of average mineral content of waters. For Northeast Dis· 

trict, first three columns should r ead 20, 15, 89. 
Page 384 . . Log of Steam H eating Company well , 8th line, after "cherty" add­

arenaceous limestone. 
Page 920. Analyses of drillings, Depths of samples are 308, 618, 8{)8, 938, 

1228 feet. 



• 

/ IOWA. 

GEOLOGICAL SURVEY. 
~ 

VOLUME IXXI 

·ANNUAL REPORTS, 1910 AND 1911 
~ y 

WITH 

ACCOMPANYING PAPERS 

Prepared in Co-operation with the United States 
Geological Survey 

G EORG E F . KAY. STATE G EOL OGI ST 

JAMES H. LEES, A SSI ST AN T STATE GEOLOGIST 

DES M OINE S : 

PUBLISHED FOR l ow A GEOLOGICAL S URVEY 

1912 

DES MOINES: 
EMORY H. ENGLISH, STATE PRINTER 

E. D. CHASS Er~ L, STATE BINDER 

.. 



S7 "'" ry 

GEOLOGICAL SURVEY ORGANIZATION. 

GEOLOGICAL BOARD. 

HIs ExCELLENCY, B. F . CARROLL . \ .. . ••• .. •••••• •• ••••••• • • •• GOVERNOR OF IOWA 

HON. JOHN L. BLEAKLy • •• • • •• .• •• • •••• ••• • • •• • • • • • •• •••• AUDITOR OF STATE 

JOHN G. BOWMAN •• • • ••• . •••••••• • .••• ..• PRESIDENT STATE UNIVERSITY OF IOWA 

,E . W. S TANTON' •• • • ••• . •. • • •. • .• ••• . • . 'I.~ING PRESIDENT IOWA STATE COLLEGE 

LOUIS G . BEGEMAN ••..•••.••.•.•• • ••....• PRESIDENT IOWA ACADEMY OF SCIENCES 

ADMINISTRATIVE WORK. 

G EORGE F . KAy ••• •••. . .. . •.........•..•... . . .. . . • •• • •••• • •••• STATE GEOLOGIST 

JAMES H . LEES •••• ••••.•••.. . ••••........... .. . . • ASSISTANT STATE GEOLOGIST 

NELLIE E . NEWMAN •• • ..............•........... . ••••••• • •••••• • •• SECRETARY 

GEOLOGICAL SECTION. 

GEORGE F . KAy • .....•... . •.•.••...... . ... . .• • •• •• • • •••••• .•.• • • • •. • GEOLOGIST 

JAMES H. LEES •••. • •••..•...... . ...... . •• , • GEOLOGIST, PHYSIOGRAPHIC GEOLOGY 

W. H. NORTON • • . •••••• •. •• •• .•••••• ..•••• • • • • GEOLOGIST, UNDERGROUND WATERS 

S. W. BEYER • •• • . ••• . ••••• ••••. • • •.• • GEOLOGIST, ROAD AND CONCRETE MATERIALS 

I. A. WILLIAMS .• . •••••••• . .• •. • •• . •• GEOLOGIST, ROAD AND CONCRETE MATERIALS 

B. SHIMEK •••• •••••• • •••••.••.•••..• . ..• •• •• • GEOLOGIST, PLEISTOCENE GEOLOGY 

J. E. CARMAN • •• .• ••••• • • ....•. .. ... .•....•.. • GEOLOGIST, PLEISTOCENE GEOLOGY 

M . F. AREY •• • •. • • . . ••.. .. . ... . . ....••. , . .... . • •••• GEOLOGIST, AREAL GEOLOGY 

JOHN L. TILTON, ••.. . .. • . •• • ••• .. . . •. • •..• . . .. .• • •• •• GEOLOGIST, AREAL GEOLOGY 

A . O. THOMAS • • • .• .•• • ••• •• ••• •• • . .. • • .. • • • • • ••••• • GEOLOGIST, AREAL GEOLOGY 

O. P. HAy •• • • •••.•••••••••• • • • • •••••••• • •••• GEOLOGIST, PLEISTOCENE MAMMALS 

J . E. SMITH •• •.•••.•••.•. . • •••• FIELD ASSISTANT, ROAD AND CONCRETE MATERIALS 

H. B. TySON • •..•.• .. ..•• LABORATORY AsSISTANT, ROAD AND CONCRETE MATERIALS 

W . F . COOVER • ....•...••• • •• • • • FIELD ASSISTANT, ROAD AND CONCRETE MATERIALS 

TOPOGRAPHIC SECTION. 

W . H . H ERRON •••••••...•.. . . . .....•... . •..........•... . .• •. .••. • GEOGRAPHER 

W. L . MILLER •• •••. . ••.•• . ..•....•• . ... ... ......... .. . . .. •• •• ••• • TOPOGRAPHER 

H OWARD CLARK ••. .. ••.... . ...•• . •••... . •... .. ....... . .•• JUNIOR TOPOGRAPHER 

L . B . BOBERTS • • •.•...•• • ...••.•.••......... . . . •......•••• JUNIOR TOPOG~HER 

B . A . JENKINS ••..••••••••. . .••............• . ... . ....• ASSISTANT TOPOGRAPHER 

C. S. WHALL ••••. : ....•• .. • . .••...... . ....•. . .. . .. . .•..••.• . . • ...•• •• RODMAN 

T . W . JOy •••• .. .• .. ....... . . . .. .' .... , . ....... . . ..• . ..... .. . . . . , ...•• RODMAN 



{-, otoci 
v, 2.\ 

/9/0 -1/ 
~o-p <? 

CONTENTS. 

\_ PAGE. 

ADMINISTRATIVE REPORT •••••••••••••••••••••••••• ~ • • • • • • • • • • • • • • • • • • • • • •• IX 

MINERAL PRODUCTION IN IOWA IN 1909 AND 1910............................. 1 
UNDERGROUND WATER RESOURCES OF IOWA................................. 29 

Introduction, by W. H. Norton......................................... 31 
Chapter I, Topography and Climate, by Howard E. Simpson............ 48 
Chapter II, Geology, by W. H. Norton and H. E. Simpson;............... 67 
Chapter III, Geologic Occurrence of Underground Water, by W. H. Norton, 

H. E. Simpson and W. S. Hendrixson ................................. 105 
Chapter IV, Artesian Phenomena, by W. H. Norton ...........•......... 138 
Chapter V, Chemical Composition of Underground Waters, by W. S. Hend-

rixson ............................................................. 159 
Chapter VI, Municipal, Domestic and Industrial Water Supplies, by W. 

S. Hendrixson ....................•..........••......••............. 212 
Chapter VII, Mineral Waters. by W. S. Hendrixson ..•................... 261 
Chapter VIII, Underground Waters of the Northeast District ............ 279 

Introduction, by W. H. Norton ...•.•................................ 279 
Allamakee County, by W. H. Norton ...•...•......................... 281 
Black Hawk County. by M. F. Arey.................................. 301 
Bremer County, by W. H. Norton ..........................•........ 312 
Buchanan County, by M. F. Arey ......... ' .......................... " 333 
Chickasaw County. by O. E. Meinzer................................ 339 
Clayton County. by W. H. Norton .................................... 342 
Delaware County. by W. H. Norton ................................... 359 
Dubuque County. by W. H. Norton ................................... 372 
Fayette County, by W. H. Norton .................................... 391 
Howard County. by O. E. Meinzer................................... 404 
Winneshiek County. by W. H. Norton ................................ 407 

Chapter IX. Underground Waters of the East-Central District .... : ...... 420 
Introduction. by W. H. Norton .....•................................ 420 
Benton County. by H. E. Simpson and W. H. Norton ................. 422 
Cedar County, by W. H. Norton .................................... 439 
Clinton County. by W. H. Norton .................. : ................. 454 
Iowa County. by O. E. Meinzer and W. H. Norton ..................... 478 
Jackson County. by W. H. Norton ................................... 486 
Johnson County. by A. O. Thomas ................................... 504 
Jones ·County. by W. H. Norton .................................... 515 
Linn County, by W. H. Norton ..................................... 533 
Muscatine County, by W. H. Norton ........ . ....... .. ............... 558 
Poweshiek County, by H. E. Simpson and W. H. Norton ............. . . 574 
Scott County, by W. H. Norton ...................................... 586 
Tama County. by W. J. Miller. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 611 

Chapter X, Underground Waters of the Southeastern District . ........ .. 613 

3 f3 5 



iv CONTENTS 

PAGE. 

Introduction, by W. H. Norton .... ............ . ..................... 613 
Davis c.ounty, by O. E. Meinzer and W. H. Norton ..................... 621 
Des Moines County, by W. H. Norton ................................. 625 
Henry County, by W. H. Norton .. .. . ............................... 642 
Jefferson County, by W. H. Norton .... . ........................... . . 650 
Keokuk County, by W. H. Norton ............. . ...................... 660 
Lee County, by W. H. Norton ...................................... 670 
Louisa County, by W. H. Norton .... .. .... . ' ,' ........................ 693 
Mahaska County, by Howard E. Simpson ............................. 704 
Van Buren County, by W. H. Norton .............................. 715 
Wapello County, by H. E. Simpson and W. H. Norton ......... . ...... 722 
Washington County, by W. H. Norton ................................ 739 

Chapter XI, Underground Waters of the North·Central District. ........ 749 
Introduction, by W. H. Norton ....................................... 749 
Butler County, by M. F. Arey... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 751 
Cerro Gordo County, by O. E. Meinzer and W. H. Norton ............. 759 
Floyd County, by O. E. Meinzer and W. H. Norton .................... 769 
Franklin County, by O. E . Meinzer and W. H. Norton ................. 775 
Hancock County, by O. E. Meinzer .................................. , 780 
Humboldt County, by O. E. Meinzer................................. 784 
Kossuth County, by O. E. Meinzer................................... 787 
Mitchell County, by O. E. Meinzer .................................. 793 
Winnebago County, by O. E. Meinzer. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 797 
Worth County, by O. E. Meinzer ... ..... . ...... . .. . ........... ..... .. 802 
Wright County, by O. E. Meinzer................................. 804 

Chapter XII, Underground Waters of the Central District............... 811 
Introduction, by W. H. Norton ........... . ....... · .................... 811 
Boone County, by W. J. Miller and ,W. H. Norton ..................... 813 
Dallas County, by O. E. Meinzer.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 822 
Greene County, by W. J. Miller and W. H. Norton .................... 827 
Grundy County, by W. J. Miller and W. H. Norton .................... 83'2 
Guthrie County, by O. E. Meinzer and W. H. Norton .................. 835 
Hamilton County, by W. J. Miller and W. H. Norton . .. .. ... ..... . .. ... 842 
Hardin County, by W. J. Miller and W. H. Norton .......... ......... . 840 
Jasper County, by Howard E. Simpson ............................... 854 
Marshall County, by H. E. Simpson and W. H. Norton ................ 870 
Polk County, by H. E. Simpson and W. H. Norton ..................... 884 
Story County, by H. E. Simpson and W. H. Norton ..................... 900 
Webster County, by W. J. Miller and W. H. Norton .............. . ... 914 

Chapter XIII, Underground Waters of the South·Central District. ...... 923 
Introduction, by W. H. Norton . ........................... ......... . 923 
Adair County, by H. E. Simpson ................................... 928 
Appanoose County, by O. E. Meinzer and W. H. Norton............... 932 
Clarke County, by H. E. Simpson................................... 939 
Decatur County, by O. E. Meinzer and W. H. Norton .. . ... ... . ..... .. . 942 
Lucas County, by H. E. Simpson .................................... 949 
Madison County, by H. E. Simpson................................ 956 
Marion County, by H. E. Simpson and W. H. Norton ................. 962 
Monroe County, by H. E. Simpson and W. H. Norton ........... ... .... 974 



CONTENTS v 

PAGE. 

Ringgold County, by O. E. Meinzer................................. 982 
Union County, by H. E. Simpson ........... : ......................... 986 
Warren County, by John L. Tilton .............. , ................... 991 
Wayne County, by O. E. Meinzer and W. H. Norton .................... 999 

Chapter XIV, Underground Waters of the Northwest District. .......... 1005 
Introduction, by W. H. Norton ...................................... 1005 
Buena Vista County, by O. E. Meinzer ............................... 1009 
Calhoun County, by W. J. Miller and W. H. Norton .................. 1013 
Carroll County, by W. J. Miller and W. H. Norton .................... 1022 
Cherokee County, by O. E. Meinzer and W. H. Norton .... : .......... 1027 
Clay County, by O. E. Meinzer ...................................... 1033 
Crawford CQunty, by W. J. Miller ...................... ..... ..... . ... 1035 
Dickinson' County, by O. E. Meinzer ................................ 1039 
Emmet County, by O. E. Meinzer ................................... 1042 
Ida County, by W. J. Miller and W. H. Norton ........................ 1045 
Lyon County, by O. E. Meinzer .... . . .... ........................... 1050 
Monona County, by W. J. Miller ..................................... 1054 
O'Brien County, by O. E. Meinzer ........................ . ........ ... 1059 
Osceola County, by O. E. Meinzer ..................................... 1063 
Palo Alm County, by O. E. Meinzer and W. H. Norton .. ... . ....... ... 1067 
Plymouth County, by O. E. Meinzer and W. H. Norton ......... ... ...... 1074 
Pocahontas County, by O. E. Meinzer ................................. 1078 
Sac County, by W. J. Miller ........................................ 1083 
Sioux County, by O. E. Meinzer and W. H. Norton .................... 1089 
Woodbury County, by W. J. Miller and W. H. Norton ............... 1093 

Chapter XV, Underground Waters of the Southwest District ............. 1100 
Int.roduction, by W. H. Norton ...................................... 1100 
Adams County, by H. E. Simpson ................................... 1110 
Audubon County, by O. E. Meinzer ................................. 1114 
Cass County, by H. E. Simpson. and W. 'H. Norton ......... ............ 1117 
Fremont County, by O. E. Meinzer ................................... 1125 
Harrison County, by O. E. Meinzer and W. H. Norton ................ 1129 
Mills County, by O. E. Meinzer and W. H. Norton .................... 1136 
Montgomery County, by H. E. Simpson ................... ...... .... 1146 
Page County, by O. E. Meinzer ......... ................ .............. 1154 
Pottawattamie County, by O. E. Meinzer and W. H. Norton ............ 1160 
Shelby County, by O. E. Meinzer .................................... 1178 
Taylor County, by O. E. Meinzer and W. H. Norton .............. .... 1181 



LIST OF ILLUSTRATIONS. 

PLATES. PAGE. 

Map showing progress of detailed mapping in Iowa, to face ...... IX 

I. Geologic map of Iowa showing artesian conditions and elevation 
of Saint Peter sandstone ................................. In pocket 

II. General columnar section, to face................................ 66 

III. Map of Iowa showing drift sheets ........................... In pocket 

IV. Map showing mineral character of underground water with refer-
ence to geography, to face..................................... 204 

V. Geologic section between McGregor and Mason City, to face ....... 280 
VI. Geologic section between Dubuque and Le Mars, to face .......... 310 

VII. Geologic section between St. Ansgar and Vinton, to face......... 324 
VIII. Geologic section between Manchester and Pella, to face ........... 420 

IX. Geologic section between Sabula and Vinton, to face .............. 424 

X. Geologic section between Green Island and Centerville, to face .... 448 
XI. Geologic section between Clinton and Dunlap, to face .... ....... . 458 

XII. Geologic section between Davenport and Keokuk, to face ......... 618 

XIII. Geologic section between Des Moines and Burlington, to face ...... 626 

XIV. Geologic section between Pella and Letts, to face ................. 660 
XV. Geologic section between Davenport and Des MOines, to face ...••. 812 

XVI. Geologic section between Emmetsburg and Centerville, to face ... 814 

XVII. Geologic section between Sanborn and Holstein, to face .........•. 1006 
XVIII. Geologic section between Bedford and Glenwood, to face ......... 1100 

FIGURES. 

1. Map showing location of geologic sections shown in Plates V to XVIII. . 69 

2. Map showing division of state into districts, and the average mineral 
content of waters of deep and shallow wells in each district......... 165 

3. Map of artesian field of Wapsipinicon river and of buried channel of 
Bremer river ............................•.............. ·........... 316 

4. Map showing location of wells marking position of buried Stanwood 
Channel ...........................................•........•..... 442 

"5. Map of western Scott county, showing channel now occupied by Mud 
creek and the buried Cleona Channel.. . ............................ 588 

6. Map of Lee county showing course of former valley of Mississippi 
river ............................................................. 673 

7. Map showing elevation relative to sea level of base of Pennsylvanian 
strata ............................................................ 1101 


	Addenda and corrigenda 
	Table of Contents
	Geological Board

	Administrative Work

	Geological Section

	Topographic Section

	Contents

	List of Illustrations


