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F O R E W O R D
This report, Water-Supply Bulletin No. 7, Geology and Ground- 

Water Resources of Clayton County, is one of a continuing series 
of studies exploring the intimate relationships existing between 
ground water and its host rocks. The area covered by this report 
is of unusual interest because, unlike most of Iowa, a large part 
of it has no glacial cover and the areas of recharge and discharge 
can be directly studied rather than inferred.

This report has been prepared in cooperation with the Ground 
Water Branch of the U. S. Geological Survey with aid and advice 
from other State and Federal agencies. It is hoped that these 
reports will be valuable not only to the people of the specific area 
studied but to all who are interested in our priceless asset, water.

H. G a r l a n d  H e r s h e y  
State Geologist

Iowa City, Iowa 
June, 1961



v

CONTENTS

FO R E W O R D  

P ag e

iii

A B ST R A C T  1

IN T R O D U C T IO N  4

P urpose and  scope of the in v es tig a tio n 4

Location and  ex ten t of the a r e a 5

M ethods of investiga tion  5

P rev ious investiga tions 7

A cknow ledgm ents 7

G E O G R A PH Y  8

T opography  and d r a in a g e 8

C lim ate 8

A g ricu ltu re  and in d u stry  12

N a tu ra l resources 12

P opulation  14

T ran sp o rta tio n  15

G EOLOGY 16

G eneral g e o lo g y 1 6

S um m ary  of s tra t ig ra p h y  17

Geologic h is to ry  20

S tru c tu re  22

G RO U N D  W A T E R  23

P rinc ip les  o f occurrence 23

W ate r-tab le  conditions 26

A rtes ian  conditions 29

W ate r-b ea rin g  p ro p ertie s  o f common rock types 32

Sand and  g rav e l 32

S ilt and  clay  33

S andstone 34

L im estone and  dolom ite 34

Shale 36

G round-w ater r e c h a r g e 36

G round-w ater d ischarge  38

N a tu ra l d ischarge  38

A rtific ia l d ischarge  43

R ecovery o f g round  w a t e r 43

C onstruction  of w e l l s 43

M ethod of l if t  and types of pum ps 45



vi C O N T E N T S

P age

Q uality  of g round  w a t e r 45
Chem ical constituen ts  and physical p ro p ertie s  in  re la tio n  to use 46
Chem ical ch a rac te r is tic s  o f w a te r  in  re la tio n  to  s tra t ig ra p h y 50
T em p era tu re  54
S a n ita ry  considerations 55

U tiliza tion  of g round  w a t e r 56
Public supplies 56

Clayton 56
E dgewood 57
E lk a d e r  57
F a rm e rsb u rg  58
G arnavillo  59
G u ttenberg  60
L u an a  61
M arq u e tte  61
M cG regor 62
M onona 63
S t. O laf 65
S tra w b e rry  P o i n t 65
V olga 66

D om estic and  stock supplies 66
In d u s tr ia l supplies 67

GE O LO G IC A L F O R M A T IO N S A N D  T H E IR  W A T E R -B E A R IN G
C H A R A C T E R IS T IC S  68

P recam b rian  r o c k s 6 8
C am brian  system  68

St. C ro ixan  se ries 68
D resbach group  68
F ran co n ia  sandstone 71
St. L aw rence fo rm ation  71
Jo rd an  sandstone 72

O rdovician system  74
B eekm antow nian se ries 74

P ra ir ie  du Chien fo rm ation  74
Chazyan series 76

St. P e te r  sandstone 76
Moha w kian s e r i e s 80

P la ttev ille  lim estone 80
D ecorah shale  83

G alena dolom ite 83



v i iC O N T E N T S

P ag e

C incinna tian  se ries 87
M aquoketa s h a l e 87

S ilu rian  s y s te m 89

A lex an d rian  s er i e s 89
Edgew ood lim e s to n e 8 9

K ankakee  l im e s to n e 89

N in g ar a n se ries 91

H opkin ton  dolom ite 91

Q u a te rn a ry  s y s te m 92

P leistocene se rie s  92

G lacial d e p o s i ts 92

R ecent d e p o s i t s 96

SU M M A R Y  A N D  C O N C L U SIO N S 98

S E L E C T E D  R E F E R E N C E S  99

LOGS O F  S E L E C T E D  W E L L S  120



v iii

IL L U S T R A T IO N S

P a ge

P l a t e  1. M ap of C layton County, Iow a, show ing bedrock geology 
In  pocket

2 . Map of C layton C ounty show ing location of selected wells 
and s p r in g s   In  pocket

¡1. Geologic section from  S tra w b e rry  P o in t to  M cG regor              In pocket

4. A,  View so u th eas t o f S tra w b e rry  P o in t show ing th e  fla t
and  undissected  topo g rap h y  on the  Iow an d r i f t
B , V iew n o rth  of S tra w b e rry  P o in t show ing th e  dissected
and  ro lling  to pog raphy  on th e  K ansan  d r i f t 9

5. View of sand  m ine opera ted  by C oncrete M a te ria ls  and
C onstruction  Division a t  C layton 13

6. A,  E xposure  of the Oneot a  dolom ite m em ber of th e  P ra ir ie
du Chien fo rm ation  in a q u a rry  n ea r  M arque tte  show ing
th e  porous c h a ra c te r  o f th e  rock
B , E xposure o f th e  W illow R iver dolom ite m em ber of the
P ra ir ie  du Chien fo rm ation  in a road cu t n o rth w est o f M ar
q u e tte  show ing th e  thin-bedded u p p er portion  overly ing  the
reeflike low er beds of th e  m e m b e r 75

7. E xposure of the G u ttenberg  lim estone m em ber o f  the  De
corah shale ( A) ,  and  of th e  Spechts F e r ry  ( B ) ,  M cG regor
( C ) ,  and Pecaton ica dolom ite ( D )  m em bers of the  P la tte
ville lim estone in a  q u a r ry  south of G u tte n b e rg 82

8. A , E xposure  o f  th e  D ubuque dolom ite m em ber of th e  G alena
dolom ite in a road  cu t on S ta te  H ighw ay 13 n o rth  of E l
ka d e r , show ing the th in  beds of dolom ite w ith shale  p a r tin g s
w hich a re  ch a rac te r is tic  of th is  m em ber;
B , E xposure of th e  S tew artv ille  dolom ite m em ber of the
G alena dolom ite in a  q u a rry  n o rth  of E lk ad er show ing th e
m assive c h a ra c te r  o f th is  m em ber 85

9. E xposure of the  K ankakee lim estone in a q u a rry  n o rth ea s t
of Volga, show ing th e  thin-bedded and  nodu lar w hite  ch e rt
th a t  is ch a rac te r is tic  of th is  f o rm a tio n 90

F i g u r e  1. Index m ap of Iow a show ing p rogress of g rou n d -w ater in
vestiga tions 4

2. M ap of C layton C ounty i llu s tra tin g  the  well num bering
system  used in th is  r e p o r t 6

3. A verage daily  d ischarge in cubic fee l per second of the
T urkey  R iver a t  G arber and  p rec ip ita tion  a t  E lk ad er fo r
th e  period O ctober 1951 th ro u g h  Septem ber 1952 10



ixI L L U S T R A T I O N S

P ag e

F i g u r e  4 . G raphs show ing  (A ) av e rag e  and  ex trem es of tem p era tu re  
by m onths, and  (B ) ave rage  m onthly  p rec ip ita tio n  a t  E l
kade r 11

5. G raph  show ing an n u a l p rec ip ita tio n  a t  E lk ad er fo r  periods
1872-1920 and  1935-60 11

6. M ap show ing  location of rock q u a rr ie s  and  sand  and  g rave l
p its  in C layton C o u n ty 14

7. D iagram  show ing division o f su b su rface  w ate r 23

8. G eneralized d iag ram  illu s tra tin g  the occurrence of ground
w ate r  u n d er perched w a te r-ta ble, m ain w ater-tab le , and
a r te s ia n  conditions 26

9. H yd ro g rap h s show ing fluctuations in  w a te r  levels fo r w ells
91-6-22D1, 91-6-22H1, a nd 91-6-22G3 a t  S tra w b e rry  P o in t,
and  m onthly  p rec ip ita tion  a t  E lk ad er d u rin g  1951 28

10. G raph  show ing daily  fluctuation  of w a te r  level in a shallow
well n e a r  H a rco u rt, W ebste r County, Iow a, and daily  p re
c ip ita tion  a t  F o r t  Dodge, Iow a, 1948 29

11. H ydrog raph  of well (91-6-22G3) a t  S tra w b e rry  P o in t show
ing  seasonal changes in g ro u n d -w ater sto rage , and daily
p rec ip ita tio n  a t  E lk ad er fo r  the period Ju ly  1953 th rough
M ay 1954 30

12. D iagram  show ing n a tu re  of in te rs tices  in several types of
rocks 32

13. G raph ic  rep resen ta tio n  of ana lyses of w a te r  sam ples from
selected s p r in g s 51

14. G raphic rep resen ta tio n  of ana lyses of w ate r sam ples from
m unicipal supplies derived from  d iffe ren t aq u ife rs 52

15. G raph  show ing the decrease in dissolved solids con ten t of
w a te r  from  well 95-3-22R1 a t  M cG regor a f te r  well w as
plugged back to  sh u t ou t m ineralized  w a te r from  deeper
a q u i f e r s 64

16. G raph ic  rep resen ta tio n  of chem ical ana lyses of w ate r from
wells 95-3-22Q1 and  95-3-22R1 a t  M cG regor illu s tra tin g  the
increase o f m ineralization  w ith dep th 70

17. G raphic rep resen ta tio n  of ana lyses of w ate r from  the
Jo rd an  sandstone 73

18. M ap o f C layton C ounty show ing th e  genera l configuration
and a ltitu d e  of the top of the St. P e te r sandstone 78

19. M ap of C layton County show ing th e  general configuration
and a ltitu d e  of th e  p ressu re  su rface  of w a te r  in th e  St.
P e te r  s a n d s to n e 80



X I L L U S T R A T I O N S

P ag e

F i g u r e  2 0 . G raph ic  rep resen ta tio n  of chem ical an a ly ses of w a te r  from  
th e  S t. P e te r  s a n d s to n e 81

2 1 . M ap o f C layton C ounty show ing the  g en e ra l configuration  
an d  a ltitu d e  of th e  p re ssu re  su rface  of w a te r  in  th e  G alena 
dolom ite 86

2 2 . G raph ic  rep resen ta tio n  of chem ical ana ly ses  of w a te r  from  
th e  G alena d o lo m ite 88

2 3 . G raph ic  rep resen ta tio n  o f chem ical ana lyses of w a te r  from  
fo rm ations of S ilu r ian  a g e 92

2 4 . M ap show ing th e  p re se n t d is trib u tio n  o f  th e  K ansan  and  
Iow an d r i f t s 94

2 5 . G raph ic  rep resen ta tio n  of chem ical ana ly ses  of w a te r  from  
th e  a l lu v iu m 97



xi

T A B L E S

P a g e

T a b l e  1. P opu lation  o f cities and  tow ns in C layton C o u n ty 15

2 . G eneralized section of th e  geologic fo rm a tio n s 18

3. C onstituen ts  com m only found in  g ro u n d  w a t e r 47

4. Chem ical ana ly ses of g round  w a t e r 48

4a. R ange in  hard n ess o f w a te r  from  w ate r-b ea rin g  u n i t s 53

4b. R ange in  dissolved solids con ten t o f w a te r  fro m  w ate r 
b ea rin g  u n i t s 53

4c. R ange in te m p e ra tu re  of w a te r  from  w ate r-b ea rin g  u n its 55

5. R ecords o f  selected s p r in g s 104

6. R ecords o f selected w e l l s 106

7. M easured geologic sections in  q u a r r i e s 116

8 . M easured  sections of selected rock e x p o s u re s 119



GEOLOGY AND GRO UND-W ATER RESOURCES  
O F CLAYTON COUNTY, IOW A

by

W . L . S t e i n h i l b e r , O . J .  V a n  E c k , a n d  A . J .  F e u l n e r

A BSTRA CT

C lay to n  C o u n ty  in c lu d es 784 s q u a re  m iles in  n o r th e a s te rn  
Iow a a n d  in  1960 h ad  a  p o p u la tio n  of 21,962. F o r  th e  m o st p a r t ,  
th e  co u n ty  is  a  d isse c te d  u p lan d  t h a t  is  d ra in e d  m ain ly  by  th e  
s o u th e a s tw a rd  flo w in g  T u rk e y  R iv e r  a n d  i ts  p r in c ip a l  t r ib u ta r y ,  
th e  V o lg a  R iv e r. T h e  T u rk e y  R iv e r  e m p tie s  in to  th e  M ississipp i 
R iver, w h ich  flows s o u th w a rd  a lo n g  th e  e a s te rn  b o rd e r  o f  th e  
co u n ty . T h e  c lim a te  is  h u m id  c o n tin e n ta l, a n d  th e  a v e ra g e  a n n u a l 
p re c ip ita tio n  is 33.01 in ch es. T h e  econom y o f th e  co u n ty  is  b ased  
on  f a rm in g  a n d  th e  r a is in g  o f  liv esto ck . T h e  n a tu ra l  re so u rc es  
o f  th e  c o u n ty  include  soil, w a te r , ro ck , san d , an d  tim b e r .

G lacial d ep o sits  o f  P le is to cen e  age , r a n g in g  in  th ic k n e ss  fro m  
a  f e a th e re d g e  to  s lig h tly  m o re  th a n  100 fe e t, m a n tle  th e  in 
d u ra te d  ro ck s  th ro u g h o u t  m u ch  o f th e  u p la n d  a re a  in  th e  c e n tra l  
a n d  w e s te rn  p a r t s  o f  th e  co u n ty . H o w ev er, in d u ra te d  ro ck s o f  
C am b rian , O rdov ic ian , a n d  S ilu r ia n  ag e  a re  exposed  in  h ills id es  
an d  valley  w alls  th ro u g h o u t  th e  co u n ty .

T h e  p r in c ip a l a q u ife rs  in  th e  co u n ty , in  a scen d in g  o rd e r , a re  
th e  G alesv ille  s a n d s to n e  o f  th e  D resb ach  g ro u p , th e  Jo rd a n  an d  
S t. P e te r  s a n d s to n e s , an d  th e  G alena  an d  H o p k in to n  do lom ites. 
T h e  G alesv ille  s a n d s to n e  o f  L a te  C a m b ria n  a g e  y ie ld s  la rg e  
q u a n ti t ie s  o f w a te r  to  w ells in  th e  n o r th e a s te rn  p a r t  o f th e  
c o u n ty ; th e  h a rd n e s s  o f  w a te r  r a n g e s  fro m  278 to  305 ppm  ( p a r t s  
p e r  m illion ) a n d  th e  d isso lved -so lid s c o n te n t  ra n g e s  fro m  415 to  
509 ppm . T h e  J o rd a n  sa n d s to n e  o f  L a te  C am b rian  a g e  y ie ld s  
la rg e  q u a n ti t ie s  o f  w a te r  to  se v era l m u n ic ip a l w ells in  th e  e a s te rn  
h a lf  o f  th e  c o u n ty ;  th e  h a rd n e s s  o f  th e  w a te r  r a n g e s  f ro m  238 
to  431 ppm  an d  th e  d isso lved -so lid s c o n te n t ra n g e s  fro m  252 to  
461 ppm . T h e  S t. P e te r  sa n d s to n e  o f M iddle O rdov ic ian  a g e  y ie ld s  
sm a ll to  m o d e ra te  q u a n ti t ie s  o f  w a te r  to  m a n y  f a r m  a n d  a  few  
m u n ic ip a l w ells in  th e  e a s te rn  h a lf  o f  th e  c o u n ty ; th e  q u a lity  o f 
th e  w a te r  is co m p arab le  to  th e  w a te r  f ro m  th e  J o rd a n  san d sto n e , 
a lth o u g h  th e  h a rd n e s s  is s l ig h tly  h ig h e r . T h e  G alen a  do lom ite  
o f  M iddle O rd o v ic ian  a g e  is  th e  p r in c ip a l aq u if le r  fo r  f a rm  w ells
th ro u g h o u t  a ll e x c ep t th e  s o u th w e s te rn  c o rn e r  o f  th e  co u n ty .
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Although locally it yields sufficient water for municipal require
ments, in most places it yields only enough for domestic require
ments. The hardness of the water ranges from 254 to 415 ppm 
and the dissolved-solids content ranges from 294 to 477 ppm. The 
Hopkinton dolomite of Middle Silurian age, which underlies only 
the southwestern part of the county, yields moderate quantities 
of water to wells. The water from this formation is less mineral
ized than the water in the other bedrock formations; the hard
ness ranges from 231 to 333 p p m  and the dissolved-solids content 
ranges from 247 to 376 ppm.

Small quantities of water for domestic use are obtained from 
the glacial drift in southwestern Clayton County. In most places, 
however, the supply is not dependable.

Recharge to the aquifers in the county is by subsurface inflow, 
seepage, and direct precipitation. The Dresbach group and Jor
dan sandstone are recharged by subsurface inflow. The St. Peter 
sandstone is recharged mainly by subsurface inflow from the 
north and south and partly by downward seepage from overlying 
formations. The Galena dolomite is recharged mainly by infiltra
tion of direct precipitation on the interstream outcrop areas and 
partly by downward seepage from the Maquoketa shale and 
partly by some subsurface inflow. The aquifer of Silurian age 
is recharged by infiltration of direct precipitation and presumably 
by downward seepage from the Iowan drift.

Discharge from the aquifers is by subsurface outflow, direct 
and indirect seepage, and springs. The Dresbach group and Jor
dan sandstone are discharged by subsurface outflow, although 
the Jordan discharges some water into Bloody Run Creek by 
seepage. Discharge from the St. Peter sandstone is partly by 
direct seepage into the streams along the eastern border of the 
county, partly by indirect seepage up through the Platteville lime
stone and Decorah shale in the lower reach of Turkey River, and 
partly by subsurface outflow to the west and southwest. Dis
charge from the Galena dolomite and from the aquifers of Silur
ian age is by seepage into streams that dissect the aquifers and 
by the numerous springs that issue from the aquifers. The 
amount of water discharged into the Turkey River drainage 
system by these seeps and springs is estimated to be at least 
10 m g d  (million gallons per day) during extended periods of 
drought and several times this amount during periods of average 
precipitation. The discharge by springs alone is estimated to be
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about 11 m g d  during periods of near-average to average precipi
tation. Most of these springs discharge into the Turkey River, 
but some discharge into the smaller streams along the eastern 
border of the county.

A n  estimated 3,000 farm wells withdraw approximately 2 m g d  
of ground water from the aquifers in Clayton County. Most of 
this water is pumped from the St. Peter sandstone and the 
Galena and Hopkinton dolomites. Twelve municipalities in the 
county p u m p  slightly less than 1 m g d  of water from the county’s 
ground-water reservoirs. More than half of the water pumped 
for municipal use is withdrawn from the Jordan sandstone and 
the underlying St. Lawrence formation. A  few small industries 
withdraw approximately 200,000 gpd (gallons per day) from the 
aquifers in the county.

Additional water supplies could be developed from the Jordan 
sandstone, St. Peter sandstone, Galena dolomite, and aquifers of 
Silurian age without depleting the ground-water reservoir. Wells 
drilled into the Galena dolomite and aquifers of Silurian age in 
particular, should fully penetrate the complete aquifer.
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IN T R O D U C T IO N
P urpose  and  Scope o f th e  In v estig a tio n

T h e  in v e s tig a tio n  upon w h ich  th is  r e p o r t  is b a sed  is  p a r t  o f  a  
p ro g ra m  o f g ro u n d -w a te r  s tu d ie s  b e in g  m ad e  co o p e ra tiv e ly  b y  
th e  Iow a G eological S u rv e y  a n d  th e  U n ite d  S ta te s  G eological 
S u rv ey . T h e  u ltim a te  a im  o f th is  c o o p e ra tiv e  p ro g ra m , w h ich  
w as s ta r te d  in  1938, is  th e  co m p le te  a p p ra isa l  o f  th e  g ro u n d -w a te r  
re so u rc es  o f  t h e  s ta te .  T h e  e a r ly  e m p h a s is  o f  th e  co o p era tiv e  
p ro g ra m  w as  on s ta te -w id e  d a ta  co llection , w h ich  fo rm e d  th e  
b a s is  fo r  a  g e n e ra l u n d e rs ta n d in g  o f  th e  g e o h y d ro lo g y  o f  Iow a. 
T h e  c u r r e n t  e m p h a s is  o f  th e  p ro g ra m  is on s y s te m a tic  in v e s ti
g a tio n s  o f  c o u n ty  u n its  (fig. 1 ) , m a in ly  b ecau se  th e  c o u n ty  is  a  
co n v en ien t u n i t  to  s tu d y  an d  r e p o r t  on. A lth o u g h  m u ch  a d d i
tio n a l d a ta  m u s t  be  co llected  a n d  s tu d ie d  fo r  th e s e  co u n ty  re p o r ts , 
th e  b a s ic  d a ta  co llected  d u r in g  th e  in it ia l  p h a se  o f  th e  co o p e ra tiv e  
p ro g ra m  p ro v id e s  th e  back b o n e  f o r  th is  a n d  all f u tu r e  g ro u n d -  
w a te r  re p o r ts .

T h e  d e ta ile d  s tu d y  o f th e  geology  a n d  th e  o ccu rren ce , re c h a rg e , 
d isc h a rg e , q u a lity , an d  a v a ila b ility  o f  g ro u n d  w a te r  in  C lay to n  
C ou n ty  b eg an  in  1951 a n d  c o n tin u ed  in te rm itte n tly  th ro u g h  1957. 
T h e  in v e s tig a tio n  w as  m ad e  u n d e r  th e  g e n e ra l su p e rv is io n  o f

F ig u re  1.— Index  m ap of Iow a show ing p ro g re ss  of g round -w ater
investiga tions.
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A . N . S a y re , C h ie f  o f  th e  G ro u n d  W a te r  B ra n c h , U . S. G eological 
S u rv ey , a n d  H . G. H e rsh e y , S ta te  G eo lo g is t an d  D ire c to r  o f  th e  
Iow a G eological S u rv ey .

A lth o u g h  th is  r e p o r t  dea ls  specifically  w ith  th e  geo logy  a n d  
g ro u n d -w a te r  co n d itio n s  in  C lay to n  C o u n ty , m u ch  o f  th e  in fo r 
m a tio n  co n ta in ed  in  i t  is ap p licab le  a lso  to  q u a rry in g , d ra in a g e  
p ro je c ts , e x c av a tio n s  fo r  fo u n d a tio n s  an d  d am s, a n d  o th e r  o p e r
a tio n s  t h a t  p e n e tr a te  below  th e  su rfa c e  o f  th e  g ro u n d . B ecause  
a ll th e s e  o p e ra tio n s  a r e  f a c i l i ta te d  i f  d e ta ile d  geologic  in fo rm a tio n  
is  k n o w n  a t  a n y  g iv en  s ite , th is  r e p o r t  p re s e n ts  in fo rm a tio n  on 
th e  th ic k n e ss , c h a ra c te r , a n d  e x te n t  o f  th e  s t r a t ig r a p h ic  u n i ts  in  
th e  co u n ty . In  a d d itio n , d e sc r ip tio n s  o f  th e  ro ck s  exposed  in  
q u a rr ie s , ro a d  cu ts , a n d  e lse w h e re  a re  p re se n te d  a t  th e  end  o f  th is  
re p o r t .

Location and  E x te n t o f th e  A rea

C lay to n  C o u n ty  is in  n o r th e a s te rn  Iow a in  th e  second t ie r  o f 
c o u n tie s  so u th  o f  th e  M in n eso ta  b o rd e r  (fig. 1 ) . I t  is bounded  on 
th e  n o r th  by  A llam ak ee  C o u n ty , on th e  w e s t by F a y e t te  C oun ty , 
on  th e  so u th  by D e la w a re  a n d  D u b u q u e  C o u n ties , a n d  on th e  e a s t  
by  th e  M ississ ip p i R iv e r. T h e  e a s te rn  b o u n d a ry  is i r r e g u la r  b e 
cau se  o f  th e  w in d in g  co u rse  o f  th e  M iss iss ip p i R iv e r, b u t  th e  
o th e r  b o u n d a rie s  a re  s t r a ig h t  lines. T h e  co u n ty  c o n s is ts  o f  22
to w n sh ip s  a n d  in c lu d es  a n  a re a  o f  784 s q u a re  m iles.

M ethods of In vestiga tion

T h e  geologic  in fo rm a tio n  f o r  th is  r e p o r t  w a s  o b ta in e d  d u r in g  
a p p ro x im a te ly  3 m o n th s  field w ork  in th e  su m m e r  o f 1951, an d  
th e  h y d ro lo g ic  in fo rm a tio n  w as g a th e re d  d u r in g  s h o r t  field t r ip s  
th a t  c o n tin u ed  in te rm it te n t ly  th ro u g h  1957. R ock e x p o su re s  in  
79 q u a r r ie s  a n d  17 ro ad  c u ts  w e re  m ea su red  a n d  d escrib ed . Rock 
c u tt in g s  fro m  53 w ells d rilled  b e fo re  a n d  d u r in g  th e  in v e s tig a tio n  
w ere  ex am in ed . In  a d d itio n , d r il le r s ’ logs an d  h y d ro lo g ic  in fo r
m a tio n  w e re  o b ta in e d  f ro m  local d r il le rs  a n d  w ell o w n ers  ( ta b le  
6 ) . S p r in g s  a re  a b u n d a n t in  th e  co u n ty , a n d  p a r t ic u la r  a tte n tio n  
w as g iv en  to  rec o rd in g  th e  location , d isc h a rg e , an d  geologic 
so u rce  o f  76 sp r in g s , w h ich  includes all th e  m a jo r  ones. W a te r  
sam p les  f ro m  41 w ells a n d  10 sp r in g s  w ere  co llected  an d  an a ly zed  
in  th e  W a te r  L a b o ra to ry  D iv is io n  o f  th e  S ta te  H y g ie n ic  L a b o ra 
to ry  a t  Iow a C ity . T h e  a lt i tu d e  o f  th e  lan d  su rfa c e  a t  w ells an d  
a t  geo log ic  c o n ta c ts  w as d e te rm in e d  by b a ro m e tr ic  a lt im e te r .

T h e  field a n d  office s tu d y  o f  th e  su rfa c e  a n d  su b s u rfa c e  geo logy  
h a s  m ad e  a v a ilab le  co n sid e rab le  ad d itio n a l d e ta il on th e  local
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stratigraphy and has resulted in a geologic m a p  of Clayton Coun
ty (pl. 1) that differs somewhat from earlier maps. County 
highway maps prepared by the Iowa State Highway Commission 
were used in compiling field data and in preparing the maps and 
diagrams for this report. Aerial photographs of Clayton County 
were particularly valuable in locating rock exposures and in trac
ing formation boundaries.

Wells, springs, and rock outcrops in quarries, road cuts, and 
other places have been assigned numbers based on the rectangu
lar system for subdivision of public land (see figure 2). The 
number consists of three units separated by hyphens. The first 
number indicates the township; the second the range; the third 
part consists of a number indicating the section, a letter identify
ing the 40-acre tract, and a serial number. The letters identifying 
the 40-acre tracts are assigned as indicated in the enlargement of 
a single section in figure 2. For example a well located in the 
S E  1/4 S W  1/4 sec. 16, T. 92 N., R. 3 W., is designated as 92-3-16P1. 
If a second well were to be drilled in the same tract, it would be

Figure 2.— Map of Clayton County illustrating the well-numbering systemused in this report.

CLAYTON COUNTY
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a ss ig n e d  th e  n u m b e r  92-3-16P2. T h e  sa m e  n u m b e r in g  sy s te m  is  
ap p lied  to  s p r in g s  a n d  ro ck  e x p o su re s  w ith  th e  a d d itio n  o f  th e  
l e t te r  S f o r  sp r in g s , Q fo r  q u a rr ie s , G fo r  g ra v e l p i ts , a n d  E  fo r  
o th e r  n a tu ra l  o r  a r tif ic ia l ex p o su res .

Previous Investigations
T h e  f ir s t  re fe re n c e  to  th e  geo logy  o f  C lay to n  C o u n ty  w as m ad e  

by  H a ll a n d  W h itn e y  (1 8 5 8 )1 in  a  r e p o r t  on a  rec o n n a is sa n c e  
s tu d y  a lo n g  th e  M iss iss ip p i R iv e r. W h ite  (1 8 7 0 ), in  a  r e p o r t  on 
a  geo log ical su rv e y  o f  Iow a, a lso  b rie fly  d e sc rib ed  th e  geo logy  o f 
th e  c o u n ty . C h am b erlin  a n d  S a lisb u ry  (1885) a n d  M cG ee (1891) 
m e n tio n  C lay to n  C o u n ty , b u t  n e ith e r  re fe re n c e  is  m o re  th a n  in 
c id en ta l.

T h e  to p o g ra p h y , d ra in a g e , an d  g e n e ra l geo log ic  f e a tu re s  o f 
C lay to n  C o u n ty  a re  d iscu ssed  in  c o n sid e rab le  d e ta il in  a  r e p o r t  by  
L e o n a rd  (1 9 0 6 ) . S u b se q u e n t r e p o r ts  on re g io n a l s t r a t ig r a p h ic  
s tu d ie s  b y  T ro w b rid g e  (1 9 1 7 ), L a d d  (1 9 2 9 ), T ro w b rid g e  a n d  
A tw a te r  (1 9 3 4 ) , Scobey  (1 9 3 5 ) , T e s te r  (1 9 3 7 ) , S p iv ey  (1 9 3 9 ) , 
S c h u ld t (1 9 4 3 ), a n d  H ey l a n d  o th e rs  (1955) a lso  inc lude  som e 
d a ta  on  th e  geo logy  o f  C lay to n  C o u n ty . M an y  f e a tu re s  o f  th e  
P le is to ce n e  a n d  o th e r  su rfic ia l d e p o s its  a re  d e sc rib ed  a n d  r e 
v iew ed  b y  A lden  a n d  L e ig h to n  (1 9 1 5 ), K a y  an d  A p fe l (1 9 2 9 ), a n d  
K a y  a n d  G ra h a m  (1 9 4 3 ).

R e p o r ts  by  N o r to n  a n d  o th e r s  (1 9 1 2 ), N o r to n  (1 9 2 8 ), a n d  L ees 
(1928) c o n ta in  in fo rm a tio n  on g ro u n d  w a te r  in  C lay to n  C o u n ty . 
S tream -flo w  re c o rd s  a n d  o th e r  s u r fa c e -w a te r  d a ta , so m e o f  w h ich  
p e r ta in  to  C lay to n  C o u n ty , a r e  g iv en  b y  C ra w fo rd  (1942 an d  
1 9 44), M um m ey (1 9 5 3 ), B en n io n  (1 9 5 6 ), a n d  S chw ob  (1 9 5 8 ).
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G E O G R A P H Y
T opography  and  D ra inage

C lay to n  C o u n ty  c o n s is ts  o f  tw o  v e ry  d is t in c t  to p o g ra p h ic  re 
g io n s; a  m o re  o r  less fla t a re a  u n d e rla in  by  u n co n so lid a ted  Iow an  
g lac ia l t i l l  a n d  a n  e x tre m e ly  d isse c te d  a re a , w h e re  co n so lid a ted  
ro ck s  a re  exposed  in h ills id e s  a n d  cliffs. T h e  su rfa c e  in  th e  so u th 
w e s te rn  c o rn e r  o f  th e  co u n ty  (fig . 2 3 ) ,  w h ich  is covered  w ith  
Io w an  d r i f t ,  h a s  n o t been  e ro d ed  in  th e  c o m p a ra tiv e ly  s h o r t  in 
te rv a l  since  th e  Iow an  ice d isa p p e a re d , so t h a t  i t  is  a  f la t to  g e n tly  
ro llin g , poo rly  d ra in e d , b o u ld er s tre w n , d ep o sitio n a l t ill  su rfa c e  
(p l. 4 A ) . In  s h a rp  c o n tr a s t  w ith  th e  fla t a re a , is th e  e x tre m e ly  
h illy  p a r t  o f  th e  c o u n ty  t h a t  w as n o t covered  by  Iow an  d r i f t .  T h is  
o ld e r  to p o g ra p h y , w h ich  w a s  m a tu re ly  e ro d ed  d u r in g  th e  long
in te rv a l  fo llow ing  N e b ra sk a n  a n d  K a n sa n  g lac ia tio n , is  d issec ted  
b y  n u m e ro u s  va lley s  ( p l. 4 B ) ,  n e a r ly  a ll o f  w h ich  a re  sp rin g -fe d .

T h e  m a jo r  s tr e a m s  o f th e  co u n ty  a re  th e  T u rk e y  an d  th e  V olga 
R iv e rs . T h e  T u rk e y  R iv e r  e n te r s  th e  co u n ty  9 m iles  so u th  o f  th e  
n o r th w e s t  c o rn e r  a n d  c ro sse s  th e  c o u n ty  in  a  g e n e ra l s o u th 
e a s te r ly  d ire c tio n . T h e  V olga R iv e r  e n te r s  th e  co u n ty  a b o u t 17 
m iles so u th  o f  th e  n o r th w e s t  c o rn e r  an d  a lm o s t p a ra lle ls  th e  
T u rk e y  R iv e r to  E lk p o rt , a t  w h ich  p o in t th e  s tr e a m s  jo in . T h ese  
tw o  s tr e a m s  d ra in  a b o u t fo u r- f if th s  o f  th e  co u n ty . A sm a ll a re a  
a lo n g  th e  n o r th e rn  b o rd e r  is d ra in e d  by  t r ib u ta r ie s  o f  th e  Y ellow  
R iv e r  a n d  a  sm a ll a re a  in  th e  s o u th w e s t  c o rn e r  is  d ra in e d  by  th e  
M aq u o k eta  R iv e r. A  few  sm all s tr e a m s  a lso  e n te r  th e  M ississ ip p i 
R iv e r  d ire c tly . T h e  e n ti r e  d ra in a g e  sy s te m  o f th e  c o u n ty  is in to  
th e  M ississ ip p i R iver.

T h e  d isc h a rg e , d u r in g  th e  p erio d  O ctober 1, 1951 to  S e p te m b e r  
30, 1952, o f  th e  T u rk e y  R iv e r a t  th e  g a g in g  s ta t io n  a t  G a rb e r  
a b o u t a  m ile  below  th e  ju n c tio n  o f  th e  T u rk e y  an d  V olga  R iv e rs , 
a n d  th e  p re c ip ita tio n  a t  E lk a d e r , d u r in g  th e  sam e  p erio d  a re  
sh o w n  in  f ig u re  3. T h e  to ta l  p re c ip ita tio n  d u r in g  th e  p e rio d  w as 
n e a r  th e  a v e ra g e .

C lim ate

T h e  c lim a te  o f  C lay to n  C o u n ty  is  v a ria b le  a n d  is d e sc rib ed  a s  
th e  h u m id  c o n tin e n ta l  ty p e . T h e  te m p e ra tu re  a t  E lk a d e r  d u r in g  
75 y e a rs  o f  rec o rd  h a s  ra n g e d  f ro m  a  h ig h  o f  1 0 8 °F . on  J u ly  13, 
1936, to  a  low  o f — 4 0 °F . on J a n u a r y  30, 1951. T h e  a v e ra g e  a n 
n u a l te m p e ra tu re  a t  E lk a d e r  is  4 6 .3 °F . T h e  a v e ra g e  fo r  Ju n e , 
Ju ly , a n d  A u g u s t , th e  w a rm e s t  m o n th s , is  6 6 .7 °F . T h e  a v e ra g e  
p e rio d  fro m  th e  la s t  k illin g  f r o s t  in  th e  s p r in g  to  th e  f ir s t  k illin g  
f r o s t  in  th e  fa ll is  152 d a y s  (fig. 4 ) .
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P l a t e  4 . —  A , V i e w  s o u t h e a s t  o f  S t r a w b e r r y  P o i n t , s h o w i n g  t h e  f l a t

U N D I S S E C T E D  T O P O G R A P H Y  O N  T H E  I O W A N  D R I F T ;  B . V I E W  N O R T H  O F  S T R A W 
B E R R Y  P o i n t ,  s h o w i n g  t h e  d i s s e c t e d  r o l l i n g  t o p o g r a p h y  o f t h e

K a n s a n  d r i f t .

T h e  a v e ra g e  an n u a l p re c ip ita tio n  a t  E lk a d e r is 33.01 in ch es 
an d  d u rin g  th e  60 y e a rs  o f re co rd  h a s  ra n g e d  from  a m in im um  
o f 20.98 in ch es  in 1001 to  a m ax im u m  o f 50.01 in ch es  in 1902. 
O th e r  y e a rs  o f e x tre m e s  in p re c ip ita tio n  w ere 1876 w ith  44.83 
inches, 1010 w ith  22.28 inches, 19 49 w ith  24.24 inches, and  1951 
w ith  47.74 in ch es (fig. 5 ) .  A b o u t tw o - th ird s  of th e  p re c ip ita tio n  
fa lls  d u r in g  th e  p e rio d  o f M ay th ro u g h  S ep tem b er.
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Figure 3.—A verage daily discharge of the  T urkey R iver a t  G arber and p re 
cipitation a t  E lkader fo r  the period October 1951 th rough  Septem ber 1952. 
Base-flow depletion curve plotted from  stream-flow records of Iowa. (D ata  
from  Surface W ater Branch, U. S. Geological Survey and U . S. W eather

B ureau).
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F igure  4.— Graphs showing (A ) average and extrem es of tem perature by 
m onths, and ( B )  average monthly precipitation a t  Elkader, Iowa. (Basic 

da ta  from  U. S. W eather B ureau).

F igure  6.—Graph showing annual precipitation a t  Elkader. Iowa, fo r  periods 
1872*1920 and 1985-60. (D ata from  records of the  U. S. W eather Bureau.)
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A g ricu ltu re  and Ind u stry
A g ric u ltu re  in  C lay to n  C o u n ty  c o n s is ts  la rg e ly  o f  d a iry in g  an d  

th e  g ro w in g  o f  co rn , w h e a t, o a ts , b ean s, h ay , a n d  so rg h u m  cane. 
T h e  ra is in g  o f  d a iry  an d  s to ck  c a tt le  a c co u n ts  f o r  a  la rg e  p a r t  o f  
th e  f a rm  incom e.

B ecause  a g r ic u ltu re  is  th e  m a jo r  a c tiv ity  in  th e  co u n ty , th e  
su p p ly in g  o f  f a rm  m a te r ia ls  an d  eq u ip m e n t an d  th e  p ro ce ss in g  o f 
a g r ic u ltu ra l  p ro d u c ts  c o n s ti tu te  th e  p rin c ip a l in d u s tr ia l  a c tiv it ie s . 
In  th e  18 in c o rp o ra te d  to w n s a re  15 c re a m e rie s , a  c a n n in g  com 
p an y  th a t  o p e ra te s  seaso n a lly , a  tool m a n u fa c tu r in g  co m p an y , 3 
sm all b o ttl in g  com pan ies , an d  a ch eese  fa c to ry .

N a tu ra l R esources

L ead  w as once a n  im p o r ta n t  n a tu ra l  re so u rc e  o f  C lay ton  
C o u n ty . M in in g  s ta r te d  n e a r  N o r th  B u en a  V is ta  in s o u th e a s te rn  
C lay to n  C o u n ty  in  1851 a n d  la te r  a t  M in e rs  C reek  n o r th w e s t  o f  
G u tte n b e rg . T h e  l a t t e r  lo ca lity  fo rm e rly  p ro d u ced  co n sid e rab le  
l e a d ; a t  one tim e  tw o  sm e lte rs  w ere  in o p e ra tio n  on M in ers  C reek . 
T h e  o re  is no lo n g er b e in g  m ined  b ecau se  i t  is too  lean to  be  m ined  
p ro fitab ly  u n d e r  p re s e n t  co n d itio n s.

T h e  m in e ra lo g y  an d  o th e r  f e a tu re s  o f th e  d ep o sits  a t  G u tte n 
b e rg  s u g g e s t  a  v e ry  w eak  ty p e  o f  o re  d ep o sitio n , su ch  a s  m ig h t 
be ex p ec ted  o f  d ep o s its  n e a r  th e  l im it o f  m in e ra liz a tio n  (H ey l an d  
o th e rs , 1955, p. 2 3 9 ). T h e  o re  occu rs  a s  th in  c o a tin g s  o f  p y r ite
a n d  m a rc a s i te  on th e  w all ro ck s, w ith  sm all g a le n a  c ry s ta ls  on th e  
iro n  sulfide c o a tin g s , a n d  a  l i t t le  b a r i te . T h e  d e p o s its  n e a r  N o r th  
B u e n a  V is ta  w ere  fo u n d  so m e w h a t above th e  b ase  o f  th e  G alena  
d o lo m ite ; th o se  a t  G u tte n b e rg  w ere  fo u n d  a t  th e  b a se  o f  th e  
fo rm a tio n .

In  th e  p a s t, s e v e ra l p la n ts  m a n u fa c tu r in g  c lay  p ro d u c ts  h a v e  
o p e ra te d  in  th e  co u n ty , u s in g  loess, a llu v iu m , an d  M aq u o k eta
sh a le  a s  ra w  m a te r ia l .  A lth o u g h  th e  M aq u o k eta  sh a le  locally  f u r 
n ish e s  c lay  o f  good  q u a lity  f o r  th e  m a n u fa c tu re  o f  c lay  p ro d u c ts , 
th e  e x tre m e  v a r ia tio n  in  chem ica l com p o sitio n  p ro h ib its  e x te n 
s iv e  dev e lo p m en t. A s th e  localized  h ig h  q u a lity  sh a le  d ep o s its  
w e re  w o rk ed  o u t, all th e  p la n ts  closed down.

L u m b e rin g  is  beco m in g  a n  im p o r ta n t  p a r t - t im e  o ccu p atio n  fo r  
m an y  f a r m e r s ;  m uch  o f  th e  t im b e r , w hich  fo rm e rly  w as  c u t  only  
fo r  fen ce  p o s ts  an d  fo r  f a rm  c o n s tru c tio n , h a s  a c q u ired  a  com 
m erc ia l v a lu e  in  th e  p a s t  few  y e a rs . A la rg e  q u a n ti ty  o f  w a ln u t 
a n d  o ak  logs a r e  now  b e in g  sh ip p ed  o u t o f  th e  co u n ty , a n d  c u tt in g  
c o n tin u es  th ro u g h o u t  th e  y e a r.



II!OK CLAYTON COUNTY, IOWA
A n  interesting feature of the natural resources of Clayton 

County is a sand mine, operated by American-Marietta Company, 
Concrete Materials and Construction Division at Clayton, Iowa, 
(pi. 5). The mine at present extends about 2,500 feet along the 
face of the cliff and approximately 1,500 feet back into the hill. 
The sand is extracted by means of drifts driven into the face of 
the cliff, and the “room-and-pillar” method of mining is used. The 
rooms and pillars are approximately 50 feet in each dimension. 
The sand is sorted by air élutriation into three basic size grades. 
About 500 tons of sand are shipped daily, most of it going to 
foundries in Iowa.

Plate 5.— V iew of sand mine operated by Concrete M aterials and 
Construction D ivision at Clayton.

About 80 rock quarries are known in Clayton County, although 
some of them are now abandoned (fig. 6). Some of the quarried 
rock is used locally for building stone, but most of it is crushed 
for use on roads. During 1952, 85 miles of road were surfaced 
and 141 miles resurfaced. The resurfacing projects required 
62,000 cubic yards of rock, or 83,700 tons, and the surfacing proj
ects required 85,000 cubic yards, or 114,750 tons. A n  average of 
about 94,000 cubic yards, or 127,000 tons of crushed rock is used 
yearly in Clayton County to surface 50 miles of roads and to re
surface 100 miles.
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A  few  sa n d  a n d  g ra v e l p i ts  h a v e  been  o p en ed  on th e  te r ra c e s  
a lo n g  th e  r iv e r s  o f  th e  co u n ty . T h e  m a te r ia l  is  used  e x ten s iv e ly  
f o r  ro ad  s u r fa c in g  an d  co n c re te  a g g re g a te .

T h e  n a tu ra l  f e a tu re s  o f  C lay to n  C o u n ty  a t t r a c t  m an y  to u r is ts .  
S e v e ra l s ta t e  p a rk s  h a v e  been  developed  on  th e  scen ic  h e ig h ts  
o v erlo o k in g  th e  M ississ ip p i R iv e r. B ackbone  S ta te  P a rk , on th e
M aq u o k eta  R iv e r  in  n o r th w e s t  D e la w a re  C o u n ty , a t t r a c t s  m an y  
v is i to rs  to  th e  s o u th w e s te rn  p a r t  o f  C lay to n  C o u n ty  b ecau se  o f 
i t s  e a sy  access  to  b o a tin g , c am p in g , a n d  fish ing .

P opu lation
T h e  p o p u la tio n  of C lay to n  C o u n ty  in  1960, a cco rd in g  to  th e  

cen su s , w as 21,962, a  d ec rea se  o f  528 since  1950. F iv e  to w n s  in  
th e  c o u n ty  h a v e  a  p o p u la tio n  o f  m o re  th a n  1,000 a n d  on ly  one ex 
ceeds 2,000 ( ta b le  1 ) . T h e  to ta l  u rb a n  p o p u la tio n  is  s l ig h tly  m o re  
th a n  h a lf  th e  to ta l  p o p u la tio n  o f  th e  co u n ty .

S e ttle m e n t o f  th e  c o u n ty  w as  ra p id  b e tw een  1850 a n d  1870, an d  
m o s t o f  th e  to w n s w e re  in co rp o ra te d  d u r in g  t h a t  p e rio d . T h e  
p o p u la tio n  c o n tin u ed  to  in c re a se  u n til  a b o u t 1900, b u t  th e n  b e g a n

F ig u re  6.— M ap show ing location  of rock q u arr ie s  and  sand  and  g rav e l p its  
in  C lay ton  C ounty, Iow a.
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to  decline  g ra d u a lly  b e cau se  im p ro v ed  f a rm in g  te c h n iq u e s  r e 
duced  th e  n u m b er o f  p e rso n s  needed  to  o p e ra te  f a rm s . T h e  de
cline in  r u ra l  p o p u la tio n  w as  n o t b a lan ced  by  a  c o rre sp o n d in g  
in c re a se  in  th e  c o u n ty ’s u rb a n  p o p u la tio n  b ecause , a c co rd in g  to  
T ro w b rid g e  a n d  o th e r  (1936 , p . 1 4 -1 5 ), m o s t fa rm -to -c i ty  m ig r a 
tio n  is  to  th e  c itie s  o f  20,000 o r  la rg e r .

T ra n sp o rta tio n
T h e  c o u n ty  is  se rv e d  by  fo u r  b ra n c h e s  o f  th e  C hicago , M ilw au

kee, S t. P a u l a n d  P acific  R a ilro ad . O ne b ra n c h  e x te n d s  a c ro ss  th e  
n o r th e rn  p a r t  o f  th e  co u n ty  th ro u g h  M a rq u e tte , M onona, an d  
L u an a . T h is  b ra n c h  is  jo in e d  by  a  lin e  fro m  E lk a d e r , w h ich  
p a sse s  th ro u g h  S t. O laf. A n o th e r  b ra n c h  fo llow s th e  M ississipp i 
R iv e r th ro u g h  M a rq u e tte , M cG regor, C lay to n , an d  N o r th  B u en a  
V is ta , a n d  a  fo u r th  b ra n c h  c ro sse s  th e  so u th w e s t  c o rn e r  o f  th e  
c o u n ty  th ro u g h  S tra w b e rry  P o in t  an d  E dgew ood.

TA B LE 1. PO PU L A T IO N  O F C IT IE S  AND TOW NS IN  CLAYTON
COUNTY, IOW A

A ll-w e a th e r  S ta te  a n d  F e d e ra l  h ig h w a y s  e x te n d  to  n e a rly  all 
p a r t s  o f  th e  co u n ty . U . S . H ig h w a y  52 c ro sse s  th e  co u n ty  in  a  
n o r th w e s te r ly  d i r e c t io n ; a t  F ro e lic h  i t  is  jo in e d  f ro m  th e  e a s t  b y  
U . S . H ig h w a y  18. S ta te  H ig h w a y  13 p a sse s  th ro u g h  S tra w b e r ry  
P o in t  a n d  E lk a d e r  a n d  co n tin u e s  n o r th e a s tw a rd ly  to  i ts  ju n c tio n  
w ith  U . S. H ig h w a y  52.

D u rin g  th e  n a v ig a tio n  seaso n  on  th e  M ississ ip p i R iv e r, b a rg e s  
p a s s  th e  a r e a  b u t  v e ry  l i t t le  f r e ig h t  e n te r s  o r  leaves th e  co u n ty  
by  th is  m ea n s  o f  t r a n s p o r ta t io n .

Population

1940 1950 1960

Clayt o n 16 1 136 130
Edgewood 716 696 767
E lkader (C ounty  S ea t) 1,556 1,584 1,526
E lk p o rt 130 99 100
Farm r rsburg 296 263 250
G arber 158 153 148
G arnavillo 461 581 662
G uttenber g 1,860 1,912 2 ,087
Li t t l ep o r t 170 139 119

Loann 2 0 4 220 276
Marquette 717 641 572
McGregor 1.309 1,138 1,040
Monana 1,191 1 ,3 46 1,346
North Buena Vista 203 148 150
Osterdock 78 51 45
S t. Olaf 191 158 169
Strawberry  P o in t 1,223 1 ,2 47 1,303

Volga 377 423 361

T o ta l 11,031 10,935 11,051

T ota l population o f C layton C oun ty | 24,334 22,490 21,962
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G E O LO G Y

G eneral Geology

T h e  ro ck s  t h a t  fo rm  th e  c ru s t  o f  th e  e a r th  a re  d iv ided  ac
co rd in g  to  o r ig in , te x tu re ,  a n d  co m p o sitio n  in to  th r e e  m ain  
c la sse s . Ig n e o u s  ro ck s  a re  fo rm e d  by  so lid ifica tion  f ro m  m o lten  
o r  p a r t ia l ly  m o lten  m asse s . S e d im e n ta ry  ro ck s  a re  fo rm e d  b y  th e
d ep o sitio n  o f  s e d im e n ts  t h a t  w ere  tra n s p o r te d  by  w a te r , ice 
s h e e ts , o r  w in d ; by  p re c ip ita tio n  f ro m  s o lu t io n ; o r  by  th e  accu m u 
la tio n  o f  o rg a n ic  re m a in s . M e tam o rp h ic  ro ck s  a re  fo rm e d  th ro u g h  
a lte ra t io n  o f  s e d im e n ta ry  an d  ign eo u s ro ck s by  h e a t  a n d  p re s su re .

A lth o u g h  th e  ig n eo u s  a n d  m e ta m o rp h ic  ro ck s  c o n s ti tu te  th e  
g r e a te s t  vo lum e o f  e a r th ’s c ru s t ,  th e y  a r e  b u r ie d  in  m o s t p laces 
b e n e a th  a  m a n tle  o f  s e d im e n ta ry  ro ck s  t h a t  ra n g e  in  th ic k n e s s  
f ro m  less th a n  a fo o t to  a  few  m iles. T h ese  s e d im e n ta ry  ro ck s 
a re  o f  g r e a t  econom ic sign ificance  b ecau se  o f  th e i r  a c cess ib ility  
a n d  th e i r  ch em ica l a n d  p h y s ica l p r o p e r t ie s ; th e y  a r e  th e  so u rc e  o f  
all th e  p e tro leu m , m a n y  o re  m in e ra ls , a n d  m o s t o f th e  g ro u n d  
w a te r .

S e d im e n ta ry  ro ck s m ay  be e i th e r  u n co n so lid a ted  o r  consoli
d a te d . T h e  u n co n so lid a ted  ro ck s  co n s is t ch iefly  o f  san d , g rav e l, 
s ilt , an d  clay . In  C lay to n  C oun ty , th e  p rin c ip a l m ode o f occu r
ren c e  is a s  g lac ia l till. T h is  u n co n so lid a ted  rock , fo u n d  on u p lan d s  
an d  h ills id es , is  a  m ix tu re  o f  clay  an d  s il t  c o n ta in in g  s u b o rd in a te  
a m o u n ts  o f  san d , g rav e l, an d  b o u ld e rs  (a lth o u g h , locally , san d  
m ay  be  th e  p rin c ip a l s e d im e n t— as  in  o u tw a sh  a re a s )  t h a t  w as 
d ep o sited  by  one o r  m ore  c o n tin e n ta l  g lac ie rs . A n o th e r  com m on 
ty p e  o f  u n co n so lid a ted  s e d im e n ta ry  ro ck s  in  C lay to n  C o u n ty  is 
a llu v iu m , w h ich  is  a  d e tr i ta l  m a te r ia l  th a t  w a s  d e p o s ited  in  
s tr e a m  bed s a n d  a lo n g  flood p la in s  by  th e  s tre a m s . O ne o th e r  
com m on ty p e  in  th e  co u n ty  is loess, w h ich  is  a  w in d -b lo w n  s il t  
c o n ta in in g  s u b o rd in a te  a m o u n ts  o f  clay  a n d  v e ry  fine sand .

T h e  c o n so lid a ted  s e d im e n ta ry  ro ck s  exposed  in  C lay to n  C oun ty  
c o n s is t  o f  sa n d s to n e , sh a le , lim esto n e , a n d  do lom ite , w h ich  w ere  
d ep o sited  in  a n c ie n t s e a s  a s  san d , m ud , an d  lim e-m ud  o v er long 
p e rio d s  o f  geo log ic  tim e . T h e  ty p e  o f s e d im e n t d ep o sited  a t  an y  
g iv en  lo ca lity  a t  a n y  g iv en  tim e  w as  d ep e n d en t on m an y  fa c to rs , 
th e  m o s t im p o r ta n t  o f  w h ich  w ere  p ro b ab ly  d e p th  o f  w a te r  a n d  
p o sitio n  o f  th e  sh o re lin e . T h u s , a n  a re a  t h a t  u n d e rw e n t m ud  
a c cu m u la tio n  u n d e r  a  g iv en  sh o re lin e  p o sitio n , w ould  h a v e  h ad  
th e  m u d  d e p o s its  cov ered  b y  sa n d  o r  lim e-m ud  w h e n  th e  sh o re lin e  
s h if te d  n e a re r  to  o r  f a r t h e r  fro m  th e  s ite  o f  d ep o sitio n . A s can
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b e  seen  f ro m  th e  v a r ie d  ro ck  ty p e s  in  C lay to n  C o u n ty , th e  a n c ie n t 
sh o re lin e s  m u s t  h a v e  s h if te d  f re q u e n tly  d u r in g  th e  geologic p e r i 
ods w h e n  th e s e  ro ck s  w ere  d ep o sited .

T h e  s e d im e n ta ry  ro ck s  a r e  d iv id ed  in to  s t r a t ig r a p h ic  u n its , 
called  fo rm a tio n s , on th e  b a s is  o f  d e fin itiv e  lith o lo g ic  f e a tu re s .  
A  fo rm a tio n  is  iden tified  by a  g e o g ra p h ic  n am e  com bined  w ith  
e i th e r  a  lith o lo g ic  te rm  o r  th e  te rm  “ fo rm a tio n .” F o r  ex am p le , 
a n  e x p o su re  o f  do lom ite  n e a r  G alena , 111., w as  d esc rib ed  a n d  
n a m e d  th e  G a len a  do lom ite , a n d  t h a t  te rm  is  a p p lied  to  e q u iv a len t 
do lo m ite  la y e rs  w h e re v e r  id en tified  in  I llin o is , Io w a , W isco n sin , 
a n d  M in n eso ta . T h e  fo rm a tio n  n am e  is equa lly  ap p licab le  w h e th e r  
th e  fo rm a tio n  c ro p s  o u t a t  th e  s u rfa c e  o r  is  b u r ie d  b e n e a th  
y o u n g e r  la y e rs  o f  rock . T h u s , th e  G a len a  do lom ite , w h ich  c ro p s  
o u t th ro u g h o u t  m u ch  o f e a s te rn  C lay to n  C o u n ty  (pi. 1) a n d  u n 
d e rlie s  y o u n g e r  fo rm a tio n s  a t  v a ry in g  d e p th s  in  th e  r e s t  o f  th e  
co u n ty , po ssesses  c e r ta in  d ia g n o s tic  f e a tu re s  by  w h ich  i t  can  be 
id en tified  a s  th e  sam e  d o lo m ite  t h a t  c ro p s  o u t a t  G alena , 111. S im 
ila r ly , th e  s a n d s to n e  fo rm a tio n  th a t  c ro p s  o u t in  n o r th e a s te rn  
C lay to n  C o u n ty  (p i. 1) a n d  is reach ed  by  d r il lin g  to  v a ry in g  
d e p th s  in  th e  re m a in d e r  o f  th e  co u n ty  (p i. 3 )  is ca lled  th e  S t. 
P e te r  s a n d s to n e  b ecau se  th e  sa m e  sa n d s to n e  la y e r  is  exposed  a n d  
w as f irs t  d e sc rib ed  a lo n g  th e  S t. P e te r  R iv e r  (n o w  called  th e  M in 
n e so ta  R iv e r)  in  M in n eso ta . T w o  o r  m o re  su ccessiv e  fo rm a tio n s  
w ith  re la te d  lith o lo g ies  m ay  be  com bined  in to  u n i ts  ca lled  g ro u p s . 
T h e  G alesv ille , E a u  C la ire , a n d  M t. S im on  sa n d s to n e s  co m p rise  
th e  D re sb ac h  g ro u p  in  m o st o f  th e  U p p e r  M iss iss ip p i reg io n  
( ta b le  2 ) .  Som e fo rm a tio n s  a re  su b d iv id ed  in to  s u b u n its  ca lled  
m em b ers . T h u s , th e  M aq u o k eta  sh a le  is su b d iv id ed  in to  th e  
B r a in a r d  sh a le  m em b er, F t .  A tk in so n  d o lo m ite  m em b er, C le r
m o n t sh a le  m em b er, a n d  E lg in  lim es to n e  m em b e r ( ta b le  2 ) . 
T h ese  m em b e rs  o f  th e  M aq u o k e ta  sh a le  a re  p a r t ic u la r ly  w ell 
exposed  in  C lay to n  C oun ty .

F o rm a tio n s  a n d  g ro u p s  a re  com bined  in to  la r g e r  u n its  called  
se rie s , w h ich  inc lude  all th e  se d im e n ts  d ep o sited  d u r in g  a n  epoch 
o f  geologic  tim e . S im ila rly , s e r ie s  a re  g ro u p ed  in to  la rg e r  u n i ts
ca lled  sy s te m s , w h ich  include  all th e  se d im e n ts  d ep o sited  in  a  
p e rio d  o f  geologic  t im e . T a b le  2 sh o w s th e  s t r a t ig r a p h ic  u n i ts  
id en tified  in  C lay to n  C o u n ty  a n d  th e  la rg e r  u n i ts  to  w h ich  th e y  
belong .

S um m ary  of S tra t ig rap h y

S tra t ig r a p h y  is th e  geologic sc ience  w h ich  t r e a t s  o f  th e  de
sc r ip tio n , o rg a n iz a tio n , a n d  c lass ifica tio n  o f  se d im e n ta ry  ro ck s.
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System Sereis
Stratigraphic Unit 

or Formation
Subunit 

or Member

Maximum
Thickness

(feet) Physical character Water supply

Recent deposits 35 Soils and alluvial deposits of sit» sand, and gravel. No large supplies have been developed, but moderate 
to large yields probably could l>c developed locally 
from alluvium in the Mississippi River valley.

Quaternary Pleistocene Wisconsin Iowan drift Weathered till and loess.

Kansan drift 135 Weathered till and thin loess. Locally some weathered and 
iron-stained sand, gravel and silt.

Yields small quantities to  dug wells.

Nebraskan drift Weathered till.

Niagaran Hopk inton 
dolomite

125(7)
190

Mostly yellow to buff massive dolomite, some limestone. Yields moderately large quantities to  wells and springs.

Silurian

Alexandrian

Kankakee
limestone

140(7) Yellow dolomite containing bands of white chert. Yields small quantities of water to wells.

Edgewood 35 Thin-bedded, yellow to  gray sandy dolomite containing 
scattered nodules of chert.

Yields small quantities of water to wells and springs.

Brainard shale 126 Grayish-green shale. N ot a  source of water supply.

Ordovician Cincinnatian Maquoketa shale F t. Atkinson 
dolomite

40 Graytsb-yeUow dolomite containing numerous nodules 
of chert.

Yields small quantities of water to  wells and springs.

Clermont shale 40 Bluish-green shale. Not a  source of water supply.

Elgin limestone 110 Fine-grained argillaceous dolomite, and some shale. Yields small quantities of water to wells.

Dubuque
dolomite

50 Thin-bedded dolomite and limestone interbedded with 
brown shale.

Yields moderately large quantities of water to  wells 
and springs.

Galena dolomite Stewartvitle
dolomite

77 Massive, brown dolomite. Yields water to  springs and some wells.

Prosser limestone 132 Grayish-brown dolomite containing layers of chert in 
lower part.

Yields moderately large quantities of water to  wells. 
Large quantities of water issue from springs a t  its 
base.

Ion member 23 Green calcareous shale interbedded with limestone. N ot a  wouree of water supply.

Mohawkian Decorah shale Guttenberg
limestone

27 Thin-bedded light-gray limestone and dolomite. Yields small quantities of water to  wells.
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Pla tteville
limestone

Spechts Ferry  
member

18 Very fosnliferous gray  to  green shale interbedded ivith 
th in  layers of dolomite.

N ot a  source o f w ater supply.

McGregor
member

35 Thin-bedded, gray lim estone an d  dolomite. Yields small q uan tities of water to  wells.

Pecatoniea
dolomite

16 M assive, gray  to  buff, m ottled dolomite. \  ¡elds small q uan tities  o f w ater to  wells.

Glenwood shale 25 Thin-bedded, green shale. N ot a  source o f w ater supply.

C har yan St. Peter 
sandstone

112 Loosely cemented, fine to  medium-grained qu arts  sand
stone.

Yields small to  large q uan tities of w ater to  wells.

Beckmantow nian Prairie  du  Chien 
form ation

Willow River 
dolomite

95 lig h t-g ra y  to  buff sandy  dolom ite w ith some chert. Yields small q uan tities  of w ater to  wells.

Root Valley 
sandstone

25 Very light-brown to  w hite sandstone. N o t im portan t as  an aquifer.

Oneota dolm ite 215 M assive, vuggy, buff to  gray cherty  dolomite. Yields sm all q uan tities o f w ater to  welts.

Cam brian S t. C roixan

Jord an  sandstone 120 Loosely cem ented, medium to  coarse-grained. weU-sorted 
buff to  white sandstone.

Yields large q uan tities of w ater to  wells.

S t . Lawrence 
formation

170 Coarsely crystalline, silly , gray dolomite with some 
glauconite.

Yields small to  m oderate q uan tities o f w ater to  wells.

Franconia
sandstone

130 G lauconitic,, dolomitic fissile shale interbedded with 
coarse-grained glauconitic sandstone.

N ot a  source of water supply.

G aksvillesandstone 110 M edium -to coarse-grained, white to  gray sandstone. Yields Urge quantities of w-ater to  wells in northeast.

Dreeb a c h  g r o u p
Eau  Claire 
sandstone

120 P artly  fissile, gray, s ilty  shale and dolomitic cemented 
siltstone.

N o t a  source of water supply.

j M t . Simon 
sandstone

115+ Coarse, colorless to  p ink an d  gray  sandstone w ith gray 
to  green micaceous shale.

Yields Urge q uan tities of highly mineralised water to 
wells in northeast.

Precam bria n

Undifferen tia ted 
red beds.

37+ Soft, a lly ,  red  shale an d  m edium  to  fine-grained sand
stone.

Yields n o  water to  wells.

C rystalline rocks In  adjacent counties the  rocks a re  pink, b io tiie granites. Yields no  w ater to  wells.
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H ence, th e  s t r a t ig r a p h y  o f  C lay to n  C o u n ty  is th e  s tu d y  a n d  de
sc rip tio n  o f  th e  rock  fo rm a tio n s  t h a t  u n d e rlie  th e  co u n ty .

C lay ton  C ou n ty  is u n d e rla in  by P re c a m b ria n  ig n eo u s a n d  m e ta -  
m o rp h ic  ro ck s t h a t  a r e  com m only  re f e r r e d  to  a s  b a se m e n t com 
p lex  a t  d e p th s  v a ry in g  fro m  a b o u t 1,200 f e e t  in  th e  n o r th e a s te rn  
p a r t  to  a b o u t 2 ,GOO fe e t  in  th e  so u th w e s te rn  p a r t .  T h is  b a se m e n t 
com plex  is  o v e rla in  by a  succession  o f  s tra tif ie d  s e d im e n ta ry  
ro ck s  t h a t  belong , in  a sce n d in g  o rd e r , to  th e  C am b rian , O rdov i
c ian , a n d  S ilu r ian  s y s te m s . T h e  o ld es t ro ck  exposed  in  th e  co u n ty  
is  th e  J o rd a n  s a n d s to n e  o f  C a m b ria n  ag e . F o rm a tio n s  o ld e r th a n  
th e  J o rd a n  s a n d s to n e  c ro p  o u t in A llam ak ee  C o u n ty , Iow a, a n d  in 
s o u th e a s te rn  M in n eso ta  a n d  s o u th w e s te rn  W isconsin . F o rm a 
tio n s  o v e rly in g  th e  J o rd a n  sa n d sto n e , in  a sce n d in g  o rd e r , a r e  th e  
P r a ir ie  du  C hien  fo rm a tio n , S t. P e te r  s a n d sto n e , P la tte v il le  lim e
s to n e , D ecorah  sh a le , G alena  do lom ite , an d  M aq u o k e ta  sh a le  o f  
O rdov ic ian  ag e , an d  th e  E dgew ood  lim esto n e , K a n k a k e e  lim esto n e  
a n d  H o p k in to n  do lom ite  o f  S ilu r ia n  age . B ecau se  th e s e  fo rm a 
tio n s  d ip  to w a rd  th e  so u th w e s t, p ro g re ss iv e ly  y o u n g e r  s t r a ta  
a re  exposed  to w a rd  th e  w est, so u th w e s t, a n d  so u th . T h e  a re a l 
d is tr ib u tio n  o f  th e  o u tc ro p p in g  geologic  fo rm a tio n  is  show n  on 
p la te  1, a n d  th e  s t r a t ig r a p h ic  sequence , th ic k n e ss , lith o lo g y , an d  
d ip  o f  th e s e  ro ck s  a re  i l lu s tr a te d  on p la te  3. T h e  th ic k n e s s , p h y s 
ical c h a ra c te r , an d  w a te r-b e a r in g  c h a ra c te r is t ic s  o f  th e  fo rm a 
tio n s  a re  su m m a riz ed  b riefly  in ta b le  2 a n d  a r e  d escrib ed  in  d e ta il 
in  th e  sec tio n  on geologic fo rm a tio n s  a n d  th e i r  w a te r-b e a r in g  
c h a ra c te r is t ic s .

U n co n so lid a ted  rock  m a te r ia ls , w h ich  ov erlie  th e  co n so lid a ted  
ro ck s, in  m an y  p laces in  C lay to n  C o u n ty , c o n s is t m ain ly  o f  till, 
g lac ia l o u tw a sh , an d  w ind-b low n s i l t  ( lo e ss ) . T h e  a re a l d is t r ib u 
t io n  o f  th e  Iow an  a n d  K a n sa n  d r i f t s  is  show n  in fig u re  23. 
A llu v ia l d e p o s its  occur a long  th e  flood p la in s  an d  te r ra c e s  o f  th e  
r iv e r s  an d  c re e k s  in  t h e  co u n ty .

T h e  s t r a t ig r a p h ic  n o m en c la tu re  u sed  in th is  re p o r t  is  t h a t  used  
b y  th e  Io w a  G eological S u rv e y  a n d  does n o t co n fo rm  in  ev e ry  
d e ta il w ith  th e  n o m en c la tu re  used  by  th e  U. S. G eological S u rv ey .

Geologic History

D u rin g  E a r ly  an d  M iddle C am b rian  tim e , th e  lan d  s u rfa c e  in 
w h a t  is  now  C lay to n  C o u n ty  w as above  se a  level a n d  th u s  w as 
s u b je c t  to  e rosion . T h e  lan d  s u rfa c e  su b sid ed  below  se a  level 
d u r in g  L a te  C a m b ria n  t im e  an d  se d im e n ts , m a in ly  san d , b eg an  
to  a c cu m u la te  on th e  floor o f th e  sea. B ecau se  th e  s e a  w as
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shallow, slight crustal movements caused the floor of the sea to 
be raised above sea level from time to time, temporarily halting 
deposition and exposing the accumulated sediments to erosion. 
However, the change from the upper sandstone of the Cambrian 
system to the lower dolomite of the Ordovician system seems to 
be gradational rather than abrupt, indicating that deposition was 
not interrupted by a withdrawal of the sea. A  retreat of the sea 
after the deposition of the dolomitic Prairie du Chien formation 
exposed the upper surface of that formation to eroson, and it was 
upon the eroded surface of the Prairie du Chien that the St. Peter 
sandstone was laid down. After the subsequent deposition of the 
Platteville limestone, Decorah shale, Galena dolomite, and Ma- 
quoketa shale, the sea again withdrew and widespread erosion 
occurred. The sea invaded the area once more and in it were 
deposited, in succession, the Edgewood and Kankakee limestones 
and the Hopkinton dolomite of Silurian age. H o w  great a thick
ness of sediments accumulated on top of the Hopkinton and was 
later removed cannot be determined, because the surface in Clay
ton County over which the great continental ice sheets advanced 
in the Pleistocene epoch of the Quaternary period was the eroded 
surface of the Silurian and Ordovician rocks; there remained no 
record of deposition throughout the long span of geologic time 
between the Silurian and the Quaternary periods.

As the first of the Pleistocene glaciers, the Nebraskan, passed 
over the county, the irregularities of the bedrock surface were 
largely filled with deposits of till, sand, and gravel. These mate- 
riels were almost completely removed by erosion during the ice- 
free period before the advance of the second, or Kansan, glacier. 
The Kansan ice sheet covered only part of Clayton County and it 
also left a veneer of glacial drift. The Kansan drift has been 
continuously exposed to erosion to the present day except where 
protected by the later Iowan till and loess. The deposits of the 
Iowan glacier, the last glaciation in the county, were laid down 
so recently, geologically speaking, that they have not been per
ceptibly eroded. As the Iowan glacier retreated, the newly ex
posed till provided the silt and clay that were the source of the 
loess deposits that accumulated around the periphery of the 
Iowan till plain. As the Iowan ice retreated yet farther north the 
exposed drift together with associated valley trains served as a 
source of the loess that mantled the entire area. The only sedi
ments of significance that have been deposited in the county since 
the Iowan glacier melted consist of alluvium in the stream valleys.
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S tru c tu re

T h e  se d im e n ta ry  ro ck s  o f  C lay to n  C o u n ty  d ip  to  th e  s o u th w e s t 
a t  a b o u t 18 f e e t  p e r  m ile. A s lig h t  flex u re  (ca lled  a n  an tic lin e )  
t re n d s  s o u th w a rd ly  a c ro ss  th e  co u n ty  (fig. 1 8 ). T h e  m ax im u m  
c lo su re  on th is  a n tic lin e  (d is ta n c e  b e tw e en  th e  c re s t  of th e  flex u re  
an d  i ts  b a se )  is a b o u t 60 fe e t .

A  c ro ss  sec tio n  d ra w n  fro m  th e  so u th w e s te rn  p a r t  to  th e  
n o r th e a s te rn  p a r t  o f  th e  c o u n ty  (p i. 3 ) sh o w s th e  re g io n a l d ip  
a s  well a s  th e  th ic k n e s s  o f  th e  ro ck  u n its . T h e  v a r ia tio n  in  th e  
th ic k n e sse s  o f  som e fo rm a tio n s  a re  d u e  to  d e p o s itio n a l h ia tu s e s  
r a th e r  th a n  s t r u c tu r a l  co n tro l.
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G R O U N D  W A T E R

T h e  fo llow ing  d iscu ss io n  o f  g ro u n d  w a te r  p e r ta in s  specifically  
to  C lay to n  C o u n ty . A  w id e r  d iscu ss io n  on th e  s u b je c t  o f g ro u n d  
w a te r  in  Iow a is  g iv en  b y  N o rto n  a n d  o th e r s  (1 9 1 2 ), N o rto n  
(1 9 2 8 ), an d  L ees (1 9 3 5 ), a n d  th e  g e n e ra l p rin c ip le s  o f  g ro u n d  
w a te r  a r e  rev iew ed  in  d e ta il b y  M ein ze r (1923b) an d  T o lm an  
(1 9 3 7 ).

P r i n c i p l e s  o f  O c c u r r e n c e

A ll w a te r  below  th e  lan d  su rfa c e  is called  s u b su rfa c e  w a te r  to  
d is tin g u is h  i t  f ro m  su rfa c e  a n d  a tm o sp h e ric  w a te r . G round  
w a te r  is  t h a t  p a r t  o f  th e  su b su rfa c e  w a te r  t h a t  o ccu rs  in a  zone 
o f  s a tu r a t io n , th e  u p p e r  s u rfa c e  o f  w h ich  is  ca lled  th e  w a te r  ta b le
(fig. 7 ) . T h e  re m a in d e r  o f  th e  su b s u rfa c e  w a te r  o ccu rs  in  th e  
zone o f  a e ra tio n , w h ich  is  b e tw een  th e  lan d  s u rfa c e  an d  th e  w a te r  
tab le . W a te r  in  th is  zone is  ty p ica lly  d iv id ed  in to  th r e e  p a r t s :  
so il w a te r , in te rm e d ia te  o r  v ad o se  w a te r , a n d  c a p illa ry  w a te r  
(fig. 7 ) .

W a te r  he ld  in  th e  soil b y  a d h e siv e  an d  cohesive  fo rces  t h a t  a c t  
a g a in s t  th e  fo rc e  o f  g r a v i ty  is  r e f e r r e d  to  a s  soil w a te r . I t  is  th e  
soil w a te r  t h a t  f u rn is h e s  th e  w a te r  re q u ire m e n ts  o f  p la n ts  an d  
c rops. W h en  m o re  w a te r  th a n  can  be held  b y  th e s e  a d h esiv e  an d  
cohesive  fo rc e s  e n te r s  th e  so il zone d u r in g  th e  n o n g ro w in g  se a 
son, m o st o f  th e  excess seep s d ow n  to  th e  in te rm e d ia te  zone. H o w 
ever, v e ry  l i t t le  o f  th is  excess w a te r  p a sse s  th ro u g h  th e  soil zone 
d u r in g  th e  g ro w in g  seaso n , becau se  v e g e ta tio n  in te rc e p ts  i t  an d

F ig u re  7.— D iagram  show ing div isions of sub su rface  w a te r  (M odified a f te r
M einzer, 1923b).
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discharges most of it into the atmosphere by the process known 
as transpiration.
The mechanics of water movement in the intermediate zone of 

aeration are not completely understood. Before the excess water 
from the soil can move through the intermediate zone to the zone 
of saturation, the rock particles must be wetted and the air in 
the rock openings must be displaced. This process can perhaps 
be compared to pouring water onto a sponge. If the sponge is dry 
when water is poured onto its top surface, a large amount of 
water is absorbed before any water seeps through to the bottom 
surface; however, if the sponge is damp, the water will almost 
immediately pass through to the bottom surface. Similarly, the 
amount of water that passes completely through the intermediate 
zone and the rate at which the water moves are governed by the 
amount of water entering the zone and the character, dryness, 
and thickness of the zone. The water may pass directly below the 
water table or be held for an indefinite time in the capillary 
fringe, if one is present.

Water in the capillary fringe is continuous with water in the 
zone of saturation but is held above the water table by capillarity 
acting against the force of gravity. The finer grained a rock 
material, the smaller the diameter of the capillary openings; and 
the smaller the diameter of the capillary openings, the higher 
water will rise in them. Thus the height that the capillary fringe 
stands above the water table is governed by the grain size of the 
material overlying the water table, standing higher in fine mate
rial and lower in coarse material. If the material is very coarse, 
the capillary fringe may be non-existent.

Locally, any one or all of the subdivisions of the zone of aera
tion m ay be absent. Where the zone of saturation extends to the 
surface of the ground, no zone of aeration is present.

Water that reaches the water table becomes part of the vast 
body of ground water in the zone of saturation. This is the water 
that supplies springs and wells and forms the base flow of peren
nial streams during dry periods. This is the water with which 
this report is concerned.

The depth to which the zone of saturation extends is very in
definite. Ground water has been found in some very deep mines 
and oil wells; however, many mines at much shallower depths 
are dry. Obviously, the depth to which ground water occurs at 
any locality is dependent primarily on the existence of rock 
openings. In Clayton County, as in all of Iowa, the rock openings
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of the sedimentary rocks are filled with water from the water 
table downward to at least the surface of the Precambrian crys
talline complex.

The zone of saturation can be pictured as a great subterranean 
reservoir that became filled with water. The water in this reser
voir moves from recharge areas of higher hydrostatic head to 
discharge areas of lower hydrostatic head. The hydraulic gradi
ent is the slope of a line, usually measured in feet per mile, from 
the hydraulic head in the recharge area to the hydraulic head in 
the discharge area.

The amount of ground water in storage and the rate of ground- 
water movement are governed in large measure by the character 
and structure of the rocks in the zone of saturation. If the 
rocks in the zone of saturation were of uniform character, having 
pore spaces and other rock openings of uniform number, shape, 
size, and interconnection (uniform porosity and permeability), 
then the amount of ground-water storage per unit volume of rock 
would be the same throughout the reservoir, and the rate of 
movement of the water would be at some constant velocity from 
the recharge area to the discharge area. However, as mentioned 
in the section on general geology, the sedimentary rocks are not 
of uniform character; rather, they are a heterogeneous sequence 
of strata that differ markedly in physical and water-bearing 
properties. The porosity and permeability vary not only from 
formation to formation, but also within a formation. Because of 
the variations in porosity, the amount of water stored in one for
mation will be greater or less than that stored in another of equal 
thickness. Likewise, because they differ in permeability one 
formation m a y  transmit water faster or slower than another of 
equal thickness. Clay, shale, and unfractured limestone m ay have 
a high porosity and so be capable of storing a great quantity of 
water, but because they are so nearly impermeable such rocks 
transmit water very slowly. Rocks that are impermeable, or 
nearly so, are called aquicludes, or confining beds. Most medium- 
to coarse-grained sandstones, fractured limestones, and sand and 
gravel deposits, which have large, interconnected pore spaces or 
other openings, are capable of both storing and transmitting large 
quantities of water. Such rocks are called aquifers, or water
bearing beds, and are the beds from which wells obtain water.

Aquifers are divided into two categories— water table and 
artesian. A  water-table aquifer is not overlain by a confining 
bed and the hydrostatic head of the water is the water table.
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T h u s , w a te r  levels  in  w ells d rilled  in to  th e s e  a q u ife rs  do n o t  r is e  
above  th e  p o in t w h e re  w a te r  w as e n c o u n te re d  (fig. 8 ) . A n  a r t e 
s ia n  a q u ife r  is  o v e rla in  b y  a  con fin ing  bed, a n d  th e  h y d ro s ta tic  
h e a d  o f  th e  w a te r  is ab o v e  th e  confined su rfa c e . T h u s , th e  w a te r  
level in  a  w ell d rilled  in to  a n  a r te s ia n  a q u ife r  is  ab o v e  th e  p o in t 
w h e re  th e  w a te r  w as e n c o u n te re d  w h en  th e  w ell w as b e in g  d rilled  
(fig. 8 ) .  W a te r- ta b le  a q u ife rs  can  g ra d e  in to  a r te s ia n  a q u ife rs , 
a n d  in  C lay to n  C o u n ty  th is  is  a  com m on o ccu rren ce .

W ater-T ab le  Conditions

T h e  w a te r  tab le  m ay  be  defined a s  t h a t  iso b a ric  su rfa c e , w ith in  
th e  e a r th ’s c ru s t ,  a t  w h ich  th e  h y d ro s ta tic  p re s s u re  is e q u a l to  th e  
a tm o sp h e ric  p re s s u re . I n  p ra c tic e , h o w ev er, th e  w a te r  ta b le  is 
t h a t  su rfa c e  w h ich  co incides w ith  th e  w a te r  levels in  w ells t h a t  
t a p  w a te r - ta b le  a q u ife rs . C o n to u r  lin e s  d e p ic tin g  th e  sh a p e  o f  
th e  w a te r  ta b le  in  h u m id  re g io n s  sh o w  t h a t  th e  w a te r  ta b le  con
fo rm s  to  th e  g e n e ra l lan d  su rfa c e , b u t  w ith  su b d u ed  re lie f .

O nly  p a r t s  o f  C lay to n  C o u n ty  a r e  u n d e r la in  by  a  w a te r - ta b le  
a q u ife r . W a te r- ta b le  co n d itio n s  e x is t  w h e re  sa n d y  zones in  th e  
g lac ia l d r i f t  e x te n d  to  th e  su rfa c e  o r  w h e re  th e  floor o f  a  va lley  
is  u n d e rla in  by  u n co n so lid a ted  sa n d  a n d  g ra v e l. S ev e ra l w ells in 
th e  s o u th w e s te rn  p a r t  o f  th e  co u n ty  o b ta in  su fficien t w a te r  fro m

F ig u re  8.— G eneralized d iag ram  illu s tra tin g  th e  occurrence of ground 
w a te r  u nder perched, w ate r-tab le , and a r te s ia n  conditions.
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sandy zones in the Iowan drift for limited domestic and stock 
use. These wells range in depth from 12 to 49 feet, and most of 
them are dug. Some drive-point, drilled and dug wells, ranging in 
depth from 18 to 30 feet, obtain water from sand and gravel 
underlying the floodplains of the Mississippi, Turkey, and Volga 
Rivers. Water-table conditions also exist in some of the bedrock 
aquifers, particularly the St. Peter sandstone and Galena dolo
mite, where they crop out east of the Kansan drift border. The 
water in these aquifers, however, is under artesian conditions 
to the west where they dip below younger formations.
A  water-table aquifer functions as a reservoir. W h e n  the dis

charge exceeds the recharge the amount of water in storage de
clines; when the recharge exceeds the discharge the amount 
increases. Changes in the amount of water in storage are indi
cated by rises and declines of the water table. Periodic measure
ments of the water level in wells show whether a net gain or loss 
in storage has occurred in an aquifer. Figure 9 shows typical 
declines of the water table which indicate net loss in storage, 
during the period April to December of 1951, in the glacial-drift 
aquifer at Strawberry Point.
The water-table aquifers in Iowa are recharged principally by 

local precipitation. The most favorable periods for recharge are 
after the spring thaw before appreciable growth of vegetation 
and again in the fall after the first killing frost but before the 
ground becomes frozen. Obviously, if precipitation is low during 
these periods, recharge will be low. Recharge is retarded, but not 
stopped, during the growing season by depletion of the soil water 
by evaporation and transpiration, and during the winter by 
frozen ground. Figure 10, which shows the fluctuation of the 
water level in a shallow well near Harcourt, Iowa, for the year 
1948, illustrates the relation between precipitation and recharge 
to a water-table aquifer during favorable and unfavorable peri
ods. The large amount of precipitation during the summer months 
was mostly consumed by vegetation and very little water reached 
the water table, whereas smaller amounts of precipitation during 
March and April caused a marked rise in the water table. Some
times, however, during periods of extremely heavy precipitation 
in the summer months, excess water is available to recharge the 
water-table aquifer (fig. 11). Also, if the ground is not completely 
frozen and the precipitation is in the form of rain instead of 
snow, recharge can occur during the early winter months
(fig- ID-
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N a tu ra l  d is c h a rg e  f ro m  a  w a te r - ta b le  a q u if e r  is  th ro u g h  
sp r in g s  a n d  seep s  (fig . 8) a n d  by  e v a p o ra tio n  a n d  tra n s p ira t io n . 
T h e  w a te r  ta b le  n o rm a lly  slopes m o re  o r  less g e n tly  to w a rd  a  
p o in t  o f  d isc h a rg e , su ch  a s  a  s p r in g  o r  s tr e a m , a n d  th e  r a t e  o f  
g ro u n d -w a te r  m o v em en t is  p ro p o r t io n a l  to  th e  g r a d ie n t  o f  th e

Figure 9.— Hydrographs showing fluctuations in w ater levels fo r wells 
91-6-22D1, 91-6-22H1, and 91-6-22G3, a t  S traw berry  Point and monthly 

precipitation a t  E lkader during 1951.
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w a te r  tab le , am o n g  o th e r  f a c to rs . T h e re fo re , a s  lo n g  a s  th e  w a te r  
ta b le  h a s  a  g r a d ie n t  to w a rd  a  d is c h a rg e  p o in t, w a te r  is  b e in g  
c o n tin u a lly  d isc h a rg ed  f ro m  th e  a q u ife r . T h is  c o n tin u a l d is 
c h a rg e  e x p la in s  th e  s te a d y  dec lin e  o f  th e  w a te r  ta b le  d u r in g  
p e rio d s  o f  l i t t le  o r  no  re c h a rg e  (fig . 1 0 ) .

A rte s ia n  C onditions

I f  a n  a q u if e r  is  o v e rla in  b y  a  con fin ing  bed  o f  re la tiv e ly  im 
p e rm eab le  m a te r ia l  a n d  th e  h y d ro s ta t ic  h e a d  o f  th e  w a te r  in  th e  
a q u ife r  is  ab o v e  th e  b ase  o f  th e  con fin ing  bed , th e  a q u ife r  is  
te rm e d  a r te s ia n . T h e  n u m b e r  o f  a r te s ia n  a q u ife rs  t h a t  m ay  occu r 
a t  d e p th  is  g o v e rn e d  by  th e  n u m b e r  o f  co n fin in g  bed s in  th e  
geologic  sec tio n . E a c h  a q u ife r  m ay  h a v e  a  d iffe re n t h y d ro s ta tic  
h ead . T h e  level a t  w h ich  th e  w a te r  s ta n d s  in  a  w ell t h a t  ta p s  an  
a r te s ia n  a q u if e r  co incides w ith  th e  p iezo m etric  s u rfa c e  o f  th e

F ig u re  10.— G raph show ing  daily  fluctuation  of w a te r  level in  a  shallow  well 
n ea r H arco u rt, W eb ste r C ounty, Iow a, and  daily  p rec ip ita tion  a t  F o rt Dodge, 

Iow a, 1948. (F ro m  H ale, 1955)
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aquifer. The piezometric surface of an aquifer may, in some 
places, be above the land surface. If a well is drilled into an 
aquifer, where its piezometric surface is above land surface, 
water will flow from the well (fig. 8). Artesian conditions exist 
throughout Clayton County; however, the artesian pressure is 
sufficient to produce flowing wells only in the northeastern corner 
of the county.

Artesian aquifers function not only as reservoirs, but also as 
conduits for transmitting water. The areas of recharge and dis
charge m a y  be at great distances from the place of use, or they 
m a y  be close by. In Clayton County, the aquifers below the St. 
Peter sandstone receive recharge from some unknown distance 
outside the county; likewise, the discharge from these aquifers 
is outside the county, although the Jordan sandstone is believed 
to discharge some water into Bloody Run Creek in the north
eastern corner of the county. The St. Peter sandstone and the 
Silurian formations receive their recharge partly within and 
partly outside the county and the Galena dolomite is recharged 
mostly within the county; the principal discharge from these 
aquifers, particularly the Galena, is within the county.

Figure 11.— Hydrograph of well at Strawberry Point showing seasonal 
changes in ground-water storage, and daily precipitation at Elkader for the 

period July 1953 through May 1954.
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Unlike water-table aquifers, the deeper artesian aquifers in 
Clayton County, such as the St. Peter and Jordan sandstones and 
the Dresbach group commonly do not respond to variations in 
local precipitation and, therefore, usually are not affected by local 
drought conditions. The piezometric surfaces of these aquifers 
remain fairly stable until water is withdrawn by wells drilled 
into the aquifers. The shallower Galena dolomite, however, is 
responsive to variations in local precipitation in Clayton County 
because its principal recharge areas are within the county.

Water in an aquifer may occur under artesian conditions at one 
place and under water-table conditions at anothei Aquifers that 
are artesian where deeply buried generally contain water under 
water-table conditions in their outcrop area. In particular the 
Galena dolomite is unconfined east of the Kansan drift border 
(pi. 1 and fig. 24); elsewhere in the county it is artesian. In their 
outcrop areas in Clayton County, the Galena dolomite is re
charged (fig. 21 and pi. 1) and the St. Peter sandstone is dis
charged (fig. 19 and pi. 1).
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W a t e r-Be a r i n g P roperties o f C o m m o n  R o c k  T y p e s

Sand and Gravel
The terms sand and gravel as used in this report refer to ag

gregates of particles ranging in size from 0.0625 to 64 milli
meters. In Clayton County, unconsolidated deposits of this size 
range consist chiefly of river terrace deposits and alluvial fill 
along the major streams and are of late Pleistocene or of Recent 
age. Locally, coarse sand deposits of pre-Kansan age underlie the 
glacial till.

The ease with which sand and gravel aquifers will yield water 
to a well depends largely on the size of the particles, the degree 
of sorting, and the amount of cementing material present (fig. 
12). The larger particle sizes generally have larger pore spaces 
and these pore spaces are usually interconnected to form rela
tively large conduits for the movement of water. However, if the 
material contains an assortment of particles of various sizes, the 
larger pore spaces m a y  be occupied by the smaller particles and

Figure 12.— Diagram showing the nature of interstices in several types of 
rocks. A— well-sorted sand having open pores; B— well-sorted sand having 
the pores partly closed by cementing material; C— well-sorted sand having 
the pores completely closed by cementing material; D— poorly sorted sedi
mentary deposit having low porosity; E— -rock with well-developed solution 
openings; F — rock with porosity due to fracturing. (Modified after Meinzer,

1923b.)
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the rate of movement through the material m a y  be correspond
ingly less. In the same way, partial cementation after deposition 
generally reduces permeability.

Well-sorted, fine grained sand deposits commonly are unsatis
factory aquifers, not only because this material transmits water 
slowly, but also because wells that are finished in this material 
are difficult to construct and develop by the usual drilling meth
ods. During construction by the cable-tool method, the hole may 
cave continually and casing is difficult to drive. If the water in 
the material is under a high hydrostatic head, the sand “boils up” 
into the hole— a condition known as “quicksand” to the driller—  
and finishing the well becomes a difficult task. Developing the 
well is almost impossible, because the coarse-grained material 
that is needed to form a natural gravel pack outside the screen 
is lacking; consequently, the well becomes a “sand pumper”, as 
fine sand is pulled into the well whenever the pump is turned on. 
This fine sand m a y  cause considerable damage to the p u mp  in
stallation ; in addition, its presence is objectionable in the water 
supply.

Because most beds of sand and gravel are poorly sorted, wells 
drilled into them must be developed so as to remove the finer 
grains from the water-bearing material. Sand and gravel de
posits generally yield water readily to wells. However, as none 
of these deposits is very thick or extensive in Clayton County, 
they are tapped by only a few wells. Most of the wells are along 
the major streams and the Mississippi River. Wells on islands 
in the Mississippi River are made by driving sand points a few 
feet into the zone of saturation.

Silt and Clay
Silt and clay are rock materials consisting of particles that are 

less than 0.0625 millimeters in diameter. Such deposits have a 
high porosity and are capable of holding large amounts of water. 
However, because the aggregate surface of the interstices, or 
pores, within these fine materials is very high and a great amount 
of water is held by molecular attraction, saturated silt and clay 
will yield only a small fraction of their water to gravity flow and 
so are not considered to be aquifers. If sand and gravel are 
intermixed with silt and clay, the combined materials would be 
no more permeable and would store less water than the silt and 
clay alone. Although silt and clay are poor aquifers, the material 
is important because they constitute the confining beds for ar
tesian aquifers in the unconsolidated rocks.
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M uch o f C lay to n  C o u n ty  is covered  by  a  c o a tin g  o f  w in d 
b low n s ilt , o r  loess. A s is t r u e  o f  o th e r  s i l t  d ep o s its , loess is  v e ry  
p o ro u s  b u t n o t v e ry  p e rm eab le . W h e re  th e  loess is o v e r  10 fe e t 
th ic k , a s  i t  is in  som e a re a s  o f  Iow a, en o u g h  w a te r  w ill d r a in  f ro m  
th is  m a te r ia l  in to  a  fu lly  p e n e tr a t in g  w ell to  su p p ly  lim ite d  
d o m estic  o r  s to ck  req u ire m e n ts . In  C lay to n  C o u n ty , h o w ev er, 
th e  loess g e n e ra lly  is less th a n  5 f e e t  th ick , a n d  no w ells  a re  
k n o w n  to  be fin ished  in  th is  m a te r ia l .

Sandstone

S a n d s to n e  is com posed  o f  g r a in s  o f  sa n d  held  to g e th e r  b y  a 
cem en t. T h e  g r a in s  r a n g e  in  d ia m e te r  f ro m  0.0625 m illim e te rs  
u p  to  2 m illim e te rs . Som e sa n d s to n e s  a r e  com posed  p red o m 
in a n tly  o f  one m in e r a l ; w h e re a s  o th e r s  a r e  com posed  o f  sev e ra l. 
A ll s a n d sto n e s , ho w ev er, c o n ta in  accesso ry  m in e ra ls . In  C lay to n  
C o u n ty  th e  sa n d s to n e s  a r e  com posed  p re d o m in a n tly  o f  q u a r tz  
a n d  th e  com m on accesso ry  m in e ra ls  a r e  to u rm a lin e , g a rn e t ,  m a g 
n e ti te , ilm en ite , iro n  ox ide  com p o u n d s, a n d  m ica.

M an y  d if fe re n t v a r ie tie s  o f  s a n d s to n e  a r e  d if fe re n tia te d  on  th e  
b a s is  o f  th e  k in d  o f  cem en t th a t  h o ld s  th e  g r a in s  to g e th e r . T h e  
c e m e n tin g  m a te r ia l  g e n e ra lly  is s ilica , ca lc ite , do lom ite , c lay ey  
m a te r ia l ,  o r  iro n  ox ides. T h e  co lo r o f  a  s a n d s to n e  d ep en d s  la rg e ly  
on th e  c e m e n tin g  m a te r ia l .  T h e  l ig h te r  co lo rs  g e n e ra lly  a r e  th e  
r e s u l t  o f  a  c a lc itic , do lom itic , s iliceous o r  c lay ey  cem en t. A  ca l
c a re o u s  s a n d s to n e  w ill e ffe rv esce  w h en  te s te d  w ith  ac id , a n d  a 
c lay ey  s a n d s to n e  h a s  th e  c h a ra c te r is t ic  o d o r o f  c lay  w h e n  m ois
ten ed . Y ellow , red , o r  b ro w n  sa n d s to n e  g e n e ra lly  is  cem en ted  
w ith  iro n  o x id es  a s  is  th e  S t. P e te r  s a n d s to n e  a t  P ik e s  P e a k  S ta te  
P a r k ,  in  n o r th e a s te rn  C lay to n  C o u n ty .

T h e  p o ro s ity  a n d  p e rm e a b ility  o f  s a n d s to n e  a r e  d e p e n d e n t on 
th e  g r a in  s ize  a n d  d e g re e  o f  s o r t in g  o f  th e  c o n s ti tu e n t  p a r tic le s , 
a n d  on th e  a m o u n t o f  in te r s t i t i a l  cem en t. L a rg e  su p p lie s  o f  w a te r  
a r e  o b ta in e d  f ro m  s a n d s to n e  in  C la y to n  C o u n ty . T h e  S t. P e te r  
s a n d s to n e  y ie ld s  w a te r  to  som e f a r m  w ells  a n d  m u n ic ip a l w ells  a t  
G a rn a v illo  a n d  S t. O laf. T h e  J o rd a n  s a n d s to n e  y ie ld s  w a te r  to  
m u n ic ip a l w ells  a t  E lk a d e r , F a rm e r s b u rg , G u tte n b e rg , a n d  
M onona. T h e  D re sb ac h  g ro u p  su p p lie s  th e  m u n ic ip a l w e lls  a t  
M cG reg o r a n d  M a rq u e tte .

Limestone and Dolomite
L im e s to n e  a n d  d o lo m ite  a r e  c a rb o n a te  ro ck s  th a t  closely  r e 

sem b le  each  o th e r . C hem ically , lim esto n e  is p r im a r i ly  ca lc ium
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carbonate and dolomite is primarily calcium-magnesium carbon
ate. These carbonate rocks can be easily distinguished by means 
of the acid test; limestone effervesces rapidly in cold dilute hydro
chloric acid whereas dolomite is visibly less active in the same 
acid.

Limestone and dolomite commonly contain open joints through 
which ground water may move (fig. 12). Where such joints are 
lacking, most limestone and some dolomite is relatively imperme
able. Although limestone and dolomite are nearly insoluble in 
pure water, ground water contains carbon dioxide and so is 
capable of dissolving these rocks and enlarging the joints to form 
channels and caverns through which water m a y  move freely. 
Where these solution caverns are close to the surface, sinkholes 
m a y  be formed by the collapse of the cavern roofs. These sink
holes m ay become important points of recharge to the carbonate 
aquifer.

The yield from wells that penetrate carbonate rocks depends on 
the number, size, and extent of openings in the rocks; the greater 
the number and size of the openings encountered by a well, the 
greater will be the yield. However, because the openings in car
bonate rocks are irregular in distribution, it follows that the 
yield from wells that penetrate these rocks varies widely and 
irregularly. Not only do yields vary widely in wells finished in 
the same carbonate formation in different areas, but also in dif
ferent carbonate formations in the same area. In fact, it is not 
unusual to find dry holes only a few tens of feet from a producing 
well.

Limestone seems to have significantly less intergranular 
porosity than dolomite. Although the porosity may not be great 
enough to permit rapid movement of water, the porous zones 
probably are more susceptible to solution and the formation of 
channels through which water can move freely. Hence, the dolo
mite formations generally are more productive aquifers than the 
limestone formations.

Because limestone and dolomite are soluble in acid, the pro
duction of wells drilled into fractured water-bearing limestone 
or dolomite can often be greatly increased by introducing hydro
chloric acid into the well to enlarge the crevices and clean out 
residual clays that m a y  be present in the crevices. A  well drilled 
for the U. S. Fish Hatchery near Manchester, south of Clayton 
County line, obtained water from solution openings in dolomite 
of Silurian age. This well had been pumped at the rate of 170
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g p m  w ith  a  d ra w d o w n  o f w a te r  level o f 108 fe e t. T h e  w ell w as  
ac id ized  a n d  th e n  pum p ed  a t  th e  r a te  o f  315 g p m  w ith  a  d r a w 
d ow n  o f w a te r  level o f  95 fee t.

A n  e s tim a te d  80 p e rc e n t o f  th e  f a rm  w ells a n d  th e  m u n ic ip a l 
w ells  a t  E d gew ood , L u a n a , S t r a w b e r r y  P o in t, a n d  V o lg a  o b ta in  
w a te r  f ro m  th e  c a rb o n a te  ro ck s  in  C lay to n  C o u n ty  ( ta b le  6 ) .

Shale
R ock  c o n s is tin g  o f c lay  m in e ra ls  o r  a  m ix tu re  o f c lay  a n d  s il t  

in co n so lid a ted , bedded  fo rm  is ca lled  sha le . T h is  ty p e  o f  rock , 
lik e  s i l t  a n d  c lay , h a s  a  h ig h  p o ro s ity  a n d  can  hold la rg e  q u a n ti 
t ie s  o f  w a te r , b u t  b ecau se  o f  i ts  low  p e rm e a b ility  y ie ld s  lit tle  
w a te r  to  w ells. H o w ev er, w a te r  m oves th ro u g h  sh a le  a lo n g  jo in ts  
o r  b ed d in g  p lan e s  w h e re  th e se  a r e  w ell developed  a n d  p a r t ic u 
la r ly  w h e re  th e  sh a le  is  w e a th e re d . A lth o u g h  g e n e ra lly  a  p o o r 
a q u ife r , sh a le  is im p o r ta n t  in  th e  g ro u n d -w a te r  r e s e rv o ir  becau se  
i t  fo rm s  th e  co n fin in g  bed  f o r  a r te s ia n  a q u ife rs  in  th e  consoli
d a te d  rocks. S h a le  te n d s  to  s lu m p  a n d  y ield  o b jec tio n a b le  sed i
m e n t to  w a te r  p u m p ed  f ro m  w ells, th e re fo re  th e  sh a le  sec tio n s  
in  m o st w ells a r e  cased  off.

M ost o f  th e  s p r in g s  o f  C lay to n  C o u n ty  a r e  loca ted  a t  o r  j u s t  
ab o v e  th e  c o n ta c t o f c a rb o n a te  ro ck s  ly in g  up o n  sh a le . In  th e  
s o u th e rn  a n d  so u th w e s te rn  p a r t  o f  th e  co u n ty , h u n d re d s  o f  
s p r in g s  a n d  seep s flow f ro m  th e  c o n ta c t  b e tw een  th e  B ra in a rd  
sh a le  m em b e r o f  th e  M aq u o k eta  sh a le  a n d  E d g ew o o d  lim esto n e .

G r o u n d - w a t e r  R e c h a r g e

R e c h a rg e  o f g ro u n d  w a te r  co m p rise s  th e  p ro cesses  b y  w h ich  
w a te r  is  a b so rb e d  a n d  a d d ed  to  th e  zone o f  s a tu ra t io n  (M e in ze r, 
1923a, p . 4 6 ) .  T h e  th r e e  m a in  p ro cesse s  invo lved  in  r e c h a rg e  a re  
th e  in f iltra tio n  o f  local p re c ip ita tio n , seep ag e , a n d  su b s u rfa c e  
inflow . O f th e se  p ro cesses, th e  in f i lt ra t io n  o f  local p re c ip ita tio n  
is th e  m o st im p o r ta n t  in  th e  r e c h a rg e  o f  th e  sh a llo w  a q u if e r s  in  
C lay to n  C o u n ty .

A  la rg e  p a r t  o f  p re c ip ita tio n  t h a t  re a c h e s  th e  g ro u n d  r u n s  off 
d ire c tly  to  th e  s tre a m s , b u t  som e o f  th e  w a te r  e n te r s  th e  g ro u n d , 
a n d  u n d e r  fa v o ra b le  c o n d itio n s  re a c h e s  th e  zone o f  s a tu ra t io n . 
T h e  q u a n ti ty  o f  w a te r  t h a t  w ill e n te r  th e  g ro u n d  is  g o v e rn e d  b y  
th e  q u a n ti ty  a n d  in te n s ity  o f  r a in fa l l ,  th e  in f i lt ra t io n  c a p a c ity  
o f  th e  soil, th e  local to p o g ra p h y , th e  a m o u n t a n d  ty p e  o f  v e g e ta 
tio n , a n d  th e  r a te  o f  e v a p o ra tio n . O th e r  th a n  th e  to p o g ra p h y , 
th e se  f a c to rs  a r e  a ll v a r ia b le s  a n d  m ak e  a n  e x tre m e ly  com plex
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problem (see Wisler and Brater, 1949, p. 32-38, 175-185). H o w 
ever, the qualitative relation between quantity and intensity of 
precipitation and the amount of recharge is illustrated in figure 
11. The hydrograph shows that a rainfall of 5.4 inches on July
26, 1953 caused a rise in water level of about 1 foot, whereas a 
rainfall of 2.5 inches during the interval of August 2-4 caused a 
rise in water level of 2.9 feet. This comparison indicates that an 
intensive rain of short duration results in less ground-water 
recharge than a more gentle rain of longer duration.

W h e n  conditions are favorable for recharge, the shallow dug 
wells in the area of the Iowan drift show an almost immediate 
response to local precipitation (fig. 11). Some of the consoli
dated rock aquifers, such as the Galena dolomite, also are re
charged largely by infiltrating local precipitation; but in some 
places, the rise in water level is delayed by the distance the water 
must travel to reach the aquifer. Recharge to the Galena dolo
mite takes place mainly on the highlands between the stream 
valleys, where surface runoff is much slower.

Recharge by seepage from surface waters is dependent largely 
on local precipitation although the effects are delayed. Streams 
and bodies of ponded water whose water surface is above that 
of the adjacent water table commonly lose water to the zone of 
saturation; these are known as influent streams and ponds. 
Some of the intermittent streams in Clayton County lie above the 
zone of saturation and water m a y  seep downward to the water 
table in those reaches where the stream bed consists of perme
able materials. Seepage from undrained depressions on the 
Iowan drift in the southwestern corner of the county recharge 
the drift aquifer. A  special type of large-scale seepage occurs in 
northwestern Clayton County, where sinkholes occur in the lime
stone terrain. During periods of heavy precipitation, much run
off accumulates in these sinkholes and seeps to the water table.

Some of the recharge to the St. Peter sandstone in Clayton 
County is in the form of seepage, although different from that 
described above. In the areas between the major streams, where 
erosion has not dissected the Galena dolomite, the hydraulic head 
of the water in the Galena dolomite is greater than that of the 
water in the St. Peter sandstone and there is movement of water 
downward to the St. Peter. The Galena dolomite in the inter
stream areas is recharged in the same way. Recharge to the 
Galena dolomite and St. Peter sandstone are discussed in more 
detail under the section, “Geological Formations and their Water
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b e a r in g  C h a ra c te r is t ic s .”  T h e  a q u ife r  o f  S ilu r ia n  a g e  is  u n 
d o u b ted ly  re c h a rg e d  to  som e e x te n t  b y  se ep ag e  f ro m  th e  g lac ia l-  
d r i f t  a q u ife r .

S u b s u r fa c e  inflow  com es f ro m  in it ia l  r e c h a rg e  to  th e  a q u ife r  
by  p re c ip ita tio n  o u ts id e  th e  co u n ty  a n d  su b se q u e n t dow n- 
g ra d ie n t  inflow  in to  th e  co u n ty . T h is  w a te r  m ay  m ove lo n g  d is 
ta n c e s  a n d  be in  s to ra g e  f o r  m an y  y e a rs  b e fo re  b e in g  d ra w n  f ro m  
w ells in  C lay to n  C o u n ty . T h e  J o rd a n  sa n d s to n e  an d  th e  u n d e r 
ly in g  fo rm a tio n s  a r e  re c h a rg e d  m a in ly  by  s u b s u rfa c e  inflow , b u t 
som e o f th e  o v e rly in g  fo rm a tio n s  (figs. 19 a n d  21 ) a r e  a lso  r e 
c h a rg e d  to  som e d e g re e  by  inflow  f ro m  o u ts id e  th e  co u n ty .

G r o u n d -W a t e r  D i s c h a r g e

N a tu ra l D ischarge

A lth o u g h  re c h a rg e  to  th e  a q u ife rs  in  C lay to n  C o u n ty  is  m ore- 
o r-le ss  co n tin u o u s , th e  a m o u n t o f  w a te r  in  s to ra g e  w ith in  th e
a q u if e r  is  k e p t  w ith in  re la tiv e ly  n a r ro w  lim its  by  d isc h a rg e  
th ro u g h  s p r in g s  an d  seeps, s u b s u rfa c e  ou tflow , t r a n s p ir a t io n  a n d  
e v a p o ra tio n , a n d  a r tif ic ia l  d isc h a rg e . T h e  m a jo r  g ro u n d -w a te r  
d isc h a rg e  in  C lay to n  C o u n ty  is  f ro m  s p r in g s  a n d  seep s a n d  su b 
s u rfa c e  outflow .

S p r i n g s  a n d  S e e p s .  S p r in g s  a n d  seep s a r e  th e  m a jo r  fo rm  o f 
d isc h a rg e  f ro m  th e  a q u ife rs  o v e rly in g  th e  S t. P e te r  san d sto n e . 
A  fe w  h u n d re d  s p r in g s  flow f ro m  th e  G a len a  do lom ite , M aquo- 
k e ta  sh a le , a n d  E d g ew o o d  l im e s to n e ; a  le sse r  n u m b e r  flow f ro m  
th e  P la tte v il le  lim esto n e , D eco rah  sha le , K a n k a k e e  lim esto n e , a n d  
H o p k in to n  do lom ite . A  sp ecia l e ffo r t  w a s  m ad e  to  lo ca te  a n d  in 
v e n to ry  a ll th e  m a jo r  s p r in g s  in  th e  co u n ty . T h ese  la r g e r  s p r in g s  
a n d  som e ty p ic a l sm a lle r  ones a r e  sh o w n  on  p la te  2. T h e  geo
log ic  o ccu rren ce , d is c h a rg e  d a ta , a n d  w a te r  u se  o f  th e  se lec ted  
s p r in g s  a re  p re se n te d  in  ta b le  5. C hem ica l a n a ly se s  o f  th e  w a te r  
f ro m  10 s p r in g s  a r e  g iv en  in  ta b le  4 ;  8 o f  th e se  a n a ly se s  a re  
g ra p h ic a lly  i l lu s tr a te d  in  f ig u re  13.

S p r in g s  a r e  m o st com m on on  h ills id e s  a lo n g  th e  c o n ta c t o f  th e  
E dgew ood  lim es to n e  w ith  th e  B r a in a r d  sh a le  m em b e r o f  th e  
M aq u o k eta  sh a le  a n d  a lo n g  o r  close to  th e  c o n ta c t o f  th e  G alen a  
do lom ite  w ith  th e  D e c o rah  sh a le . M ost o f  th e s e  s p r in g s  flow a t  
a  r a te  o f  a  fe w  g a llo n s  a  m in u te  o r  less. H o w ev er, a t  le a s t  10 
s p r in g s  flow a t  r a te s  ex ceed in g  100 g p m  a n d  one s p r in g  (94-5- 
3 1 R 1 S ) flow s a t  a n  a v e ra g e  r a te  o f  5 ,000 g p m . A  la rg e  n u m b e r 
o f  s p r in g s  flow  a lso  f ro m  th e  M aq u o k e ta  sh a le , p a r t ic u la r ly  a lo n g
th e  c o n ta c ts  o f  th e  c a rb o n a te  m em b e rs  w ith  th e  sh a le  m em b ers .



30OF CLAYTON COUNTY, IOWA

The flows of these springs are substantially less than those from 
the Edgewood limestone and Galena dolomite, ranging from less 
than 1 g p m  to 25 gpm, A  lesser number of springs discharge 
from the Hopkinton dolomite, Kankakee limestone, Platteville 
limestone, and Decorah shale. The rate of flow from these 
springs is small, although one spring from the Hopkinton dolo
mite flows at a rate of 50 gpm.

The amount of discharge that will occur is governed by the 
amount of ground water in storage. During periods of greater 
recharge, discharge is greatly increased ; but even during periods 
of little recharge, discharge continues, although at progressively 
decreasing rates. During 1951, when the original fieldwork for 
this paper was done, spring lines were especially well developed 
because the rainfall during the period was greater than during 
any similar period in the last half century (fig. 5). Big Spring 
(94-5-31R1S), which has an average flow of 5,000 gpm, flows 
at a rate of 10,000 g p m  for a short time immediately following 
periods of heavy rains. Similarly, the flows of the other springs 
in the county fluctuate in response to variations in the amount 
of precipitation. Thus, many measurements of spring flows over 
a period of years are necessary in order to determine a valid 
average flow for each spring. Because the springs in table 5 were 
measured once only, it is impossible to calculate the exact amount 
of ground-water discharged by the springs in the county. H o w 
ever, the flow measurements can be used to approximate the 
order of magnitude of the total spring discharge. The total 
amount of water discharged by the springs shown in table 5 is 
about 7,500 gpm. The combined discharge from the numerous 
small springs in the county that were not measured probably is 
on the order of 400 to 500 gpm. Thus the total discharge approxi
mates 8,000 gpm, or about 11.5 mgd. Because most of the flow 
measurements were made during a period of above average pre
cipitation, the average discharge from springs in Clayton County 
probably is somewhat less than 11 mgd. However, the average 
discharge cannot be too much less than 11 mgd, because the aver
age flow of Big Spring, which comprises about two-thirds of the 
total spring discharge, was used in the calculations. Thus, an 
estimated 11 m g d  is discharged by the springs in Clayton County 
during periods of average to above average precipitation.

Most of the larger and several of the smaller springs in Clay
ton County are utilized (table 5). Big Spring (94-5-31R1S) 
supplies water for a private fish hatchery, and spring 93-3-2R1S
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is used as the water supply for the village of Clayton. Spring 92- 
5-9L1S formerly supplied water for a small creamery, and spring
91-6-10C1S formerly supplied both water and power for a 
brewery and a feed mill. Both of these springs are used for stock 
supplies at the present time. The remainder of the springs that 
are utilized in the county provide water for stock supplies.

Seeps, or places where ground water moves to the surface 
slowly over a large area and not in a restricted channel as at a 
spring, are relatively inconspicuous. However, they are subject 
to the same controlling factors as springs. Seeps are common in 
the southwestern part of Clayton County along the contact of the 
Iowan drift with the Kansan drift. Ground water is discharged 
from the Silurian formations, Galena dolomite, and St. Peter 
sandstone in Clayton County by direct seepage into the streams 
that dissect the aquifers. Some discharge from the St. Peter 
sandstone is by indirect seepage up through the Platteville lime
stone and Decorah shale in the lower reach of the Turkey River.

Springs and seeps from the formations overlying the St. Peter 
sandstone furnish the water that makes up the base flow of the 
Turkey River. The base flow of a stream is the flow that is de
rived entirely from ground-water discharge. During protracted 
periods of no precipitation, not only is there no overland runoff, 
but also no ground-water recharge. Hence, the regional water 
table continually lowers, which results in a continually diminish
ing ground-water discharge; and consequently, a continually 
diminishing base flow. Therefore, the depletion of base flow of 
a stream is in reality the depletion of ground water that dis
charges into that stream.

A  base-flow depletion curve of a stream can be constructed by 
analyzing long-term stream flow records (Wisler and Brater, 
p. 24). Such a curve for the Turkey River has been constructed
and plotted on figure 3. Although this depletion curve is ap
plicable for any period of time, it has been arbitrarily appended 
to the hydrograph shown in figure 3 in order to illustrate its ap
plication. The depletion curve indicates the amount of ground 
water that would have been discharged into the Turkey River at 
any time between mid-May through September of 1951, if no pre
cipitation had occurred during this period. Because it did rain 
during this period, ground-water discharge was maintained well 
above the limiting values set by the depletion curve.

During a period of above-average precipitation, such as 1951, 
the regional water table is high and ground-water discharge is
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initially high and remains fairly high; i.e, the initial value of 
base flow falls along the upper part of the depletion curve (fig. 
3). During periods of below-average precipitation, the initial 
base-flow value will fall along the lower part of the curve. Thus, 
the depletion curve indicates that during periods of average to 
above average precipitation several hundred cubic feet per sec
ond of ground water is discharged from the ground-water reser
voir into the Turkey River system above the town of Garber. 
Moreover, the curve indicates that during prolonged periods of 
no precipitation ground-water discharge would be maintained at 
above 50 cfs (about 33 mgd) for several months. This postula
tion was verified during the prolonged drouth of the 1930’s, when 
the flow of the Turkey River at Garber did not fall below 55 cfs 
(35 mgd), which is the lowest average daily flow (during non-ice 
interference periods) on record (Crawford, 1942, p. 40).

Not all of the ground-water discharge to the Turkey River 
originates from the aquifers in Clayton County, because the 
Turkey and Volga Rivers drain a large area outside the county. 
(The total drainage area of Turkey River is 1,684 square miles, 
but the drainage area in Clayton County only is about 630 square 
miles.) Because not all the streams in the headwater area are 
incised on bedrock, and because, where the streams do flow on 
bedrock, the aquifers are not incised as deeply as they are in 
Clayton County, at least one third of the base flow of the Turkey 
River is believed to originate in Clayton County. Thus, a reason
able estimate of the ground water discharged by seepage and 
spring flow from the aquifers overlying the St. Peter sandstone 
in Clayton County is at least 10-15 m g d  during periods of drouth 
and several times this amount during periods of near-normal pre
cipitation. Most of this discharge presumably is from the Galena 
dolomite.

Subsurface Outfloru. Subsurface outflow is the major form of 
discharge from the aquifers underlying the St. Peter sandstone. 
Not enough data are available to determine the direction of flow, 
but water levels in the several wells finished in the Jordan sand
stone indicate that the water in the Jordan sandstone moves in 
an easterly direction in the eastern part of the county. Pre
sumably a ground-water divide exists somewhere in the county, 
because water levels in wells to the west and south of Clayton 
County indicate that the water in the Jordan sandstone in this 
region moves in a southwesterly direction. Part of the discharge 
from the St. Peter sandstone is believed to be by subsurface out
flow toward the west and southwest.
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Transpiration. Transpiration is the process whereby water is 

taken up by plants from the soil and rock materials and dis
charged to the atmosphere. For the most part, transpiration 
depletes soil moisture, but locally plant roots take water directly 
from the capillary zone or the water table. The rate of transpi
ration is dependent upon temperature, sunlight, available mois
ture, relative humidity, and air movement as well as type and 
stage of plant growth. Thus, transpiration is virtually restricted 
to daylight hours.

F e w  of the plant types in Clayton County take water from the 
zone of saturation, but by withdrawing soil moistui'e plants pre
vent or greatly reduce movement of water to the water table. 
Moreover, where the capillary fringe extends upward into the 
soil, withdrawal of water from the soil m ay cause upward move
ment of water from the water table. Plants that depend on 
ground water for their water supply are known as phreatophytes. 
Alfalfa, which is a common crop in Clayton County, is a phreato- 
phyte in that its roots m ay extend to and extract water directly 
from the zone of saturation. Meinzer (1927, p. 54) cites reports 
of the roots of older alfalfa plants being traced to depths of 65 
feet. In Clayton County, however, ground-water discharge by 
phreatophytes is probably important only in the Iowan drift area 
where the water table is high.

The depletion of soil moisture by the transpiration of field 
crops in the county, however, is important because it greatly re
duces potential recharge to the ground-water reservoir. The fol
lowing figures (Wisler and Brater, 1949, p. 166) show the 
amount of water used per acre during a growing season by sev
eral different crops.

Corn 263,520-408,000 gallons of water per acre
Alfalfa 148,000-374,000 gallons of water per acre
Wheat 211,800-329,400 gallons of water per acre
Oats 207,000-375,600 gallons of water per acre

Although the rate and amount of transpiration varies consid
erably, even the lower values given here show that plants dis
charge a tremendous amount of water to the atmosphere. In fact, 
this loss by transpiration has a significant effect on x*echarge to 
the ground-water reservoir. As an average of about 22 inches, or 
600,000 gallons per acre, of precipitation falls during the grow
ing season, about one-half of the potential recharge to the water- 
table by local precipitation is lost by transpiration.
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E v a p o r a t io n .  E x c e p t  in  c la y  so ils  w h e re  deep  c ra c k s  fo rm  
upon  d r y in g  a n d  p e rm it  e v a p o ra tio n  f ro m  a  c o n s id e rab le  d ep th , 
g ro u n d -w a te r  d is c h a rg e  by e v a p o ra tio n  o ccu rs  on ly  w h e re  th e  
w a te r  ta b le  is a t ,  o r  v e ry  n e a r , th e  lan d  su rfa c e . B ecau se  th e  
d e p th  to  th e  w a te r  ta b le  in  m o s t p a r t s  o f  th e  c o u n ty  is  g r e a te r  
th a n  th e  d e p th  to  w h ich  e v a p o ra tio n  is  e ffec tive, e v a p o ra tio n  is  a  
s ig n if ic a n t f a c to r  in  g ro u n d -w a te r  d is c h a rg e  on ly  in  th e  b o tto m 
la n d s  o f  C lay to n  C oun ty .

A rtific ia l D ischarge
In  C lay to n  C o u n ty  a rtif ic ia l  d isc h a rg e , su ch  a s  o ccu rs  w h e re  

w a te r  flow s o r  is  p u m p ed  f ro m  w ells  o r  w h e re  fields h a v e  been  
a rtif ic ia lly  d ra in e d , is  co n s id e rab ly  less th a n  th a t  f ro m  s p r in g s  
a n d  seep s. L ocally , ho w ev er, h eav y  w ith d ra w a ls  o f  g ro u n d  w a te r  
m ay  exceed  th e  re c h a rg e  a n d  th u s  cau se  a  p ro g re s s iv e  lo w e rin g  
o f  th e  w a te r  ta b le . S uch  a  c h an g e  in  th e  r a t io  o f  d isc h a rg e  to
re c h a rg e  d is ru p ts  th e  p rev io u s ly  e s ta b lish e d  e q u ilib r iu m , a n d  
g ro u n d  w a te r  is  ta k e n  f ro m  s to ra g e . E q u ilib r iu m  w ill be  r e 
e s ta b lish e d  on ly  i f  re c h a rg e  a n d  d isc h a rg e  a r e  a g a in  b ro u g h t in to  
balance . A  n ew  ba lan ce  m ay  r e s u l t  i f  th e  s teep en ed  h y d ra u lic  
g r a d ie n t  in d u ces g r e a te r  re c h a rg e  o r  th e  lo w ered  w a te r  tab le  de
c re a se s  th e  n a tu r a l  d isc h a rg e .

A rtif ic ia l d isc h a rg e  also  o ccu rs  w h e re  fields h a v e  been a r t i f -  
c ia lly  d ra in e d . D ra in in g  fields b y  t i l in g  is lim ited  m ain ly  to  th e  
p o o rly  d ra in e d  so u th w e s te rn  a r e a  covered  by Io w a n  till. T ilin g  
sp eed s  th e  d is c h a rg e  o f  so il w a te r , a n d  p o ss ib ly  g ro u n d  w a te r  
d u r in g  w e t seaso n s , b u t  p ro b a b ly  m u ch  o f th e  w a te r  w ould  h av e  
been d isc h a rg e d  by  n a tu r a l  m e a n s  a t  a  la te r  tim e . T h e  a c tu a l r e 
la tio n  b e tw een  t i l in g  an d  g ro u n d -w a te r  s to ra g e  in  C lay to n  C oun
ty  is  n o t  u n d e rs to o d  fu lly , b u t  th e  e ffec t is  co n sid e red  to  be m in o r. 
E lse w h e re  in  Io w a , tile s  a r e  m o s t effec tive  in  th e  s p r in g  a f t e r  
th e  so il th a w s  a n d  b e fo re  v e g e ta tio n  develops, a n d  th is  co incides 
w ith  h ig h e s t  y e a r ly  w a te r  levels  in  sh a llo w  w ells. T h u s , t i l in g  
seem s in  la rg e  p a r t  to  rem o v e  w a te r  t h a t  w ould  be  re je c te d  by  
a lre a d y  fu ll  g ro u n d -w a te r  re s e rv o irs  o r  w ould  soon be d isc h a rg ed  
n a tu ra l ly  becau se  o f  th e  h ig h  s ta g e s .

R e c o v e r y  o f  G r o u n d  W a t e r

C onstruction  of W ells
S e v e ra l ty p e s  o f  w ells  h a v e  b en  used  in  C lay to n  C o u n ty , in 

c lu d in g  du g , d r iv e n , a n d  d r ille d  w ells. D u g  w ells  w e re  m o re  
com m on in  e a r l ie r  d ay s , b u t  th e  p r in c ip a l  ty p e  n o w  in  u se  is  th e  
d r ille d  w ell.
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Most of the existing dug wells are in the area underlain by 

Iowan till. They are commonly shallow, approximately 8 feet 
in diameter, and constructed almost entirely in soft, unconsoli
dated material. A  dug well is practical only where the water 
table is near the surface, and the depth of the well generally is 
limited by the depth to the first water-bearing bed. Most of the 
wells are cased with native rock, but some are cased with brick 
or concrete block. In many places in Clayton County, wells have 
been dug to bedrock and later drilled into bedrock, because of 
the need for a greater water supply and the savings in drilling 
and casing costs.

Drive-point wells are used in eastern Clayton County along the 
flood plains and terraces of the Mississippi, the Turkey, and 
Volga Rivers, where water-bearing sands and gravels occur at 
depths of 10 and 25 feet. The drive-point, sometimes referred to 
as a sand-point, consists of a pipe with a pointed screen that can 
be driven into the ground. The screen must be reinforced to 
withstand the driving force. Drive-point wells are satisfactory 
where water-bearing sand and gravel occur at shallow depth, 
and the water level is within 25 feet of the land surface. This 
type of well is generally fitted with a suction p u m p ; the working 
cylinder and piston m ay be at the top as in a pitcher pump, or 
the cylinder m a y  be placed below ground in a pit to permit draw
ing water from a depth greater than 25 feet. In selecting slot 
openings for drive points, it is desirable to have the openings 
large enough to pass at least 50 percent of the finer sand initially 
in order that the coarser sand and gravel will collect around the 
point. The major advantages of this method of well construction 
are the ease and economy of installation.

Drilled wells are by far the most common type of well used in 
Clayton County, and more than 90 percent of the wells canvassed 
were of this type. The type of drilling machine in common use in 
this county is the portable cable-tool, or percussion, type drilling 
rig, which is particularly adapted for drilling in both uncon
solidated and consolidated rock. A  cable-tool rig consists of a 
mast or A-frame, drawworks, cable, drilling tools, bailer, and 
power unit. A  walking beam alternately lifts and drops the bit, 
causing it to break or crush the rock at the bottom of the hole. 
The crushed rock is removed by a bailer. Blank casing is in
stalled to prevent the caving of unconsolidated material into the 
well and perforated casing or a well screen is installed opposite 
the water-bearing material if it tends to cave. Wells drilled into
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b ed ro ck  a r e  a lso  cased  w h e re  sh a le  o r  s o f t  lim esto n e  te n d s  to  
s lu m p  in to  th e  w ell o r  to  ad d  o b jec tio n a b le  se d im e n ts  to  th e  
w a te r . T h e  M aq u o k e ta  sh a le , D eco rah  sh a le , a n d  P la tte v ille  lim e
s to n e  com m only  a r e  cased  off.

T h e  s ta r t i n g  d ia m e te r  o f  a  cab le-too l w ell is  d e te rm in e d  by  th e  
n u m b e r  o f  sh a le  b ed s  t h a t  m u s t  be  cased  off a n d  th e  q u a n ti ty  o f 
w a te r  to  be  p u m p ed . T h e  y ie ld  o f  a  w ell is  n o t d ire c tly  p ro p o r 
tio n a l  to  th e  d ia m e te r  o f th e  w ell, b u t  w ith  la rg e r  d ia m e te rs  i t  
is  p o ss ib le  to  in s ta ll  p u m p s  h a v in g  a  l a r g e r  c a p a c ity . M ost o f  
th e  f a r m  w ells  a r e  5 to  6 in ch es  in  d ia m e te r , w h e re a s  m u n ic ip a l 
a n d  in d u s tr ia l  w ells  a re  6 to  20 in ch es  in  d ia m e te r  a t  th e  s u r 
fa c e  ( ta b le  6 ) .

Methods of L ift and Types of Pumps
In  th e  p a s t, th e  p re d o m in a n t ty p e  o f  p u m p  in  u se  f o r  d o m estic  

a n d  s to c k  w a te r  su p p lie s  w a s  th e  l if t , o r  c y lin d e r  p u m p  o p e ra te d  
b y  w in d m ill, a n d  la te r  p o w ered  b y  g a so lin e  o r  e le c tr ic  p u m p  ja c k . 
N ow , e le c tr ica lly  p o w ered  j e t  p u m p s  a n d  su b m e rs ib le  tu rb in e  
p u m p s  a r e  b e in g  in s ta lle d  in  m an y  n ew  w ells. A few  o f th e  
sh a llo w  l i f t  p u m p s  a r e  o p e ra te d  by  h a n d . W h e re  la r g e r  q u a n 
t i t ie s  o f  w a te r  a r e  needed , a s  f o r  m u n ic ip a l a n d  c re a m e ry  su p 
p lie s , tu rb in e  a n d  su b m e rs ib le  p u m p s  p o w ered  by  e le c tr ic  m o to rs  
a r e  used.

Q u a l it y  o f  G r o u n d  W a t e r

In fo rm a tio n  on th e  chem ica l c h a ra c te r is t ic s  o f  w a te r  su p p lie s  
is n e c e ssa ry  in  p la n n in g  th e  loca tion  o f  som e in d u s tr ie s  a n d  f o r  
th e  econom ical a n d  s a t is fa c to ry  t r e a tm e n t  o f  w a te r  f o r  d o m estic  
a n d  m u n ic ip a l su p p lie s . I f  th e  ch em ica l p ro p e r t ie s  o f  w a te rs  a r e  
k n o w n , th e  m o st su ita b le  e q u ip m e n t f o r  w a te r  t r e a tm e n t  a n d  
a c c u ra te  c o s t a n a ly se s  can  be  in c lu d ed  in  th e  p la n s  o f  a  w a te r  
p la n t. M o reo v er, k n o w led g e  o f  th e  s t r a t ig r a p h ic  d is t r ib u t io n  o f  
th e  ch em ica l c o n s ti tu e n ts  in  th e  g ro u n d -w a te r  r e s e rv o ir  fa c ili
ta te s  th e  p la n n in g  a n d  in s ta lla tio n  o f  p ro p e r ly  c o n s tru c te d  w ells, 
w h ich  w ill p re v e n t  in te r a q u ife r  c o n ta m in a tio n .

T h e  chem ica l c h a ra c te r  o f  g ro u n d  w a te r  com m only  d iffe rs  n o t 
on ly  f ro m  a q u if e r  to  a q u ife r , b u t  a lso  f ro m  p lace  to  p lace  w ith in  
a n  a q u ife r . In fo rm a tio n  on  th e  v e r t ic a l  a n d  h o r iz o n ta l d i s t r i 
b u tio n  o f  v a r io u s  ty p e s  o f  w a te r  f a c t i l i ta te s  th e  p re d ic tio n  o f  th e  
chem ica l c h a ra c te r  o f  th e  w a te r  t h a t  w ill be  d e riv e d  f ro m  a  
g iv en  a q u if e r  a t  a  p a r t ic u la r  p lace . M o reo v er, i t  m ay  p re v e n t  
c o s tly  d r i l l in g  w h e re  th e  d e s ire d  q u a lity  o f  w a te r  does n o t  o c c u r 
a t  a  re a so n a b le  d ep th .
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T h e  m in e ra ls  a n d  g a se s  p re s e n t  in  g ro u n d  w a te r  a r e  th o se  
w h ich  w ere  ta k e n  up  by th e  w a te r  a s  i t  p a sse d  f ir s t  th ro u g h  th e  
a i r  a n d  th e n  th ro u g h  th e  v a r io u s  la y e rs  o f  soil a n d  ro ck  b e fo re  
re a c h in g  th e  p o in t  o f  w ith d ra w a l  o r  d isc h a rg e . D iffe ren ces  in  
th e  a m o u n t o f  m in e ra ls  a n d  g a ses  d isso lved  o r  su sp en d e d  in  th e  
w a te r  a re  g o v e rn e d  by th e  ch em ica l com p o sitio n  o f  th e  rock  
m a te r ia l  th ro u g h  w h ich  th e  w a te r  m oved, te m p e ra tu re , p re s 
su re , re a c tio n s  b e tw een  th e  w a te r  a n d  ro ck  m a te r ia l, a n d  th e  
le n g th  o f  tim e  th a t  th e  w a te r  w a s  in  c o n ta c t w ith  th e se  v a rio u s  
m a te r ia ls .

T h e  g e n e ra l m inei-al c h a ra c te r is t ic s  o f  w a te r  f ro m  41 d if fe re n t 
w ells  a n d  10 s p r in g s  in  C lay to n  C o u n ty  a r e  ta b u la te d  in  ta b le  4. 
T h e se  w a te r  sa m p le s  a r e  co n sid e red  to  be  r e p re s e n ta t iv e  o f  w a te r  
f ro m  each  o f  th e  w a te r -b e a r in g  fo rm a tio n s  in  th e  co u n ty . T h e  
a n a ly tic a l d e te rm in a tio n s  w e re  m ad e  in  th e  W a te r  L a b o ra to ry  o f  
th e  S ta te  D e p a r tm e n t  o f  H e a lth  a t  Io w a  C ity , Iow a.

Chem ical C o n stitu en ts  and P hysica l P ro p e rtie s  in R elation  to  U se

M in e ra l su b s ta n c e s  in  la rg e  a m o u n ts  a r e  o b jec tio n a b le  in  a n y  
w a te r , an d  som e c o n s ti tu e n ts  a r e  u n d e s ira b le  even  in  sm all 
a m o u n ts . M in e ra l c o n s ti tu e n ts  com m only  fo u n d  d isso lv ed  in  
g ro u n d  w a te r  a n d  som e d a ta  on th e i r  so u rc e  a n d  s ig n ifican ce  to  
th e  u se r  o f  th e  w a te r  a r e  su m m a riz ed  in  ta b le  3. O f th e se  th e  
d o m in a n t ion ic  c o n s ti tu e n ts  a r e  ca lc ium , m ag n esiu m , sod ium , 
p o ta ss iu m , b ic a rb o n a te , s u lfa te , a n d  ch lo rid e . C a lc ium , m ag n e 
siu m , sod ium , a n d  p o ta ss iu m  a r e  p o s itiv e  ions ca lled  ca tio n s . 
B ic a rb o n a te , s u lfa te , a n d  c h lo rid e  a r e  n e g a tiv e  ions ca lled  an io n s . 
In  w a te r  a n a ly se s  th e se  c o n s ti tu e n ts  a r e  g e n e ra lly  d e te rm in e d  a s  
p a r t s  p e r  m illio n  c a tio n s  a n d  an io n s .

In  o rd e r  to  e x p re s s  th e  ion ic  b a la n c e  o f  a  w a te r  sam p le , th e  
q u a n ti t ie s  o f  c o n s ti tu e n ts  a re  ex p re sse d  in  e q u iv a le n ts  p e r  m illion  
a s  in  f ig u re  13. T h ese  a r e  o b ta in e d  by  d iv id in g  th e  p a r t s  p e r  
m illion  b y  th e  co m b in in g  w e ig h t o f  th e  c o n s titu e n ts . P a r t s  p e r  
m illio n  m ay  b e  c o n v e rted  to  g r a in s  p e r  g a llo n  b y  d iv id in g  th e  
v a lu e s  by  17.12.

D is s o l v e d  s o l id s .  T h e o re tic a lly , d isso lved  so lid s  a r e  co n sid e red  
to  be th e  a n h y d ro u s  re s id u e s  o f  th e  d isso lved  su b s ta n c e s  in  w a te r . 
H o w ev er, th e y  a r e  n o t a  m e a su re  o f  th e  to ta l  w e ig h t  o f  d isso lved  
m a te r ia l  a s  th e y  o ccu r in  so lu tio n . F o r  ex am p le , in  th e  d e te r 
m in a tio n  a  sam p le  is e v a p o ra te d  to  d ry n e s s  a t  a  te m p e ra tu re  t h a t  
c o n v e rts  b ic a rb o n a te  to  c a rb o n a te . W a te r  c o n ta in in g  less th a n  
500 ppm  o f d isso lved  so lid s g e n e ra lly  is  s a t is fa c to ry  f o r  d o m estic
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an d  m o st in d u s tr ia l  p u rp o se s , e x cep t fo r  local d ifficu lties re s u ltin g  
f ro m  th e  h a rd n e s s  o r  ex cep tio n a l c o n c e n tra tio n s  o f  m in o r  con
s t i tu e n ts  su ch  a s  iro n  o r  m an g a n e se . W a te r  c o n ta in in g  a s  m u ch  
a s  1,000 p p m  o f  d isso lved  so lid s  is  a cce p tab le  f o r  d o m estic  p u r 
poses i f  no  b e t te r  w a te r  is  a v a ilab le  ( U .S .  P u b lic  H e a lth  S e rv
ice, 1 9 4 6 ).

O n th e  b a s is  o f  48 sa m p le s  co llected  f ro m  v a rio u s  u n tre a te d  
m u n ic ip a l, dom estic , a n d  in d u s tr ia l  g ro u n d -w a te r  su p p lie s , th e

TA B L E  3. C H EM IC A L C O N ST IT U EN T S COMMONLY FO U N D  IN 
GROUND W A T E R

Constituent Source or m use Effect on usability of water

Silica  (SiO2) Pra ctically all rocks and soils. Usually iu 
small am ounts u p  to  abou t 25 ppm . In 
alkaline water, u p  to  100 ppm m ay he 
found.

Form s hard scale in pipes and boilers. 
Carried over in steam  of high-pressure 
boilers to  form deposits on blades of 
steam  turbines.

Iron ( Fe) The common iron-bearing minerals present 
in nearly all formations. Usually less than 
1 ppm in alkaline surface water. Higher 
am ounts occur in  acid w aters from mine 
drainage or other sources.

Objectionable for food and beverage pro
cessing. More th an  0.3 ppm iron causes 
brown sta ins on porcelain and fabrics.

M anganese (M n ) M anganese-bearing minerals. Usually less 
than  1 ppm in alkaline surface waters. 
Large <|uanlilies often associated with 
high iron content and with acid waters.

Same objectionable features as  iron. Fed
eral drinking water standards sta te  th a t  
iron and m anganese together should not 
exceed 0.3 ppm.

Calcium  (C a) a nd 
M agnesium (M g )

lY aetiralty  all rocks and soils, b u t especially 
from limestone, dolomite, Rypsum, and 
gyiisiferous shale.

Cause most of the hardness and scale-form
ing properties of w ater. Comsume much 
soap. Removed by water-softening pro
cesses.

Sodium (N a) and 
Potassium (K )

Ancient brines, sea water, industrial brines, 
and sewage. Also dissolved from feldspar, 
clay and other common minerals.

Clives salty  taste  to  water when present in 
large am ounts with chloride. Sodium salts 
m ay cause foaming in steam  Imilers.

Bicarbonate (HCO2) 
ami C arbonate  (CO2)

S ulfate (SO4)

Action of carbon dioxide in water on car* 
Imitate minerals.

Bicarbonate and carbonate produce alka
linity. Bicarbonate« o f calcium and mag
nesium decompose in boiling w ater with 
form ation of scale and release of carbon 
dioxide gas.

Kooks and soils containing iron sulfide, 
gyiwiirn, and other su lfate m inerals. Com* 
m an iu  industrial wastes and  in waters 
from coal miuiug operations.

«Sulfate in w ater containing calcium forms 
hard scale in steam  bailers. In larger 
am ounts, sulfate in combination with 
o ther ions m ay gvc a b itte r  taste  to  water. 
Federal drinking water standards recom
m end that sulfate content should not 
exceed 250 ppm.

Chloride (C l) .Small to  large am ounts in all soils and rocks, 
na tu ra l and artificial brim 's, and sea 
water.

Igirgc am ounts in combination with sodium 
give a  salty  taste  to  water. Objectionable 
iu  some industrial uses. Federal drinking 
water standards recommend th a t the  
chlorido content should not exceed 251) 
ppm .

Fluoride ( F ) Various m inerals of widespread occurrence. 
Present in brines from oil wells and in 
industrial wastes from processing of in* 
m -ticides, disinfectants, and preserva
tives.

Fluoride in drinking water reduces the  in
cidence of too th  decay when the  water 
is consumed during th e  p e rh d  of calcifi
cation of enamel. However, it m ay cause 
m ottling of the  teeth , depending on the 
concentration of the  'luoride. the ace of 
th e  child, and th e  am ount of drinking 
w ater consumed. (M aier, 1950»

N itrate (N O 2) Decayed organic m nttcr, sewage, and ni
tra te  iu the soil.

High values of nitru te  m ay suggest organic 
liolhitiun. W aters of high n itra te  content 
should not be used for baby feeding. 
(M osey, 1950)
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W ell and sp r in g  num bers ind icate location; num bering  system  described 
in figure 2. L ocations p lo tted  on p la te  2.

T A B L E  4. C H EM IC A L A N A L Y SE S OF GROUND

Dissolved co n s titu en ts  and  hardness  g iven in p a r ts  p e r  million.

1W a t e r  t r e a t e d  b y  G u t t e n b e r g  M u n ic ip a l  s o f t e n i n g  s y s t e m .
2S a m p le  c o l le c te d  t h r o u g h  a  2 - in c h  d i s c h a r g e  p ip e  f r o m  a  d e p th  o f  1 ,004 fe e t .  
3W e ll  p lu g g e d  b a c k  to  48 1 f e e t  o n  O c to b e r  3 , 19 49 .
4S a m p le  c o l le c te d  t h r o u g h  a  g a r d e n  h o s e  f r o m  a  d e p th  o f  470 f e e t .
5W e ll  p lu g g e d  b a c k  to  47 9  f e e t  o n  M a y  2 6 , 1951.

Well or 
spring 

number Owner
Depth
(feet)

Principal
water-bearing unit

Date of 
collection T

em
pe

ra
tu

re
 (o

F)

9 0 - 5 - 2 C 1 Edgewood City Well 4 269 8-16-52 51
91-2-16A1 Millville Creamery 130 St. Peter sandstone 8-22-51 54
9I-2-28L1 Kao Anderegg 565 4-29-59
91-3-2A1 H. Willtiun Store 25 Recent alluvium 2- 3-54
91-5-30R1 Carl kramer 162 11- 2-51
91-5-35 N1 Edgewood City Well 3 248 8- 6-52 51
91-6-l0C1S Carl Klcinlein Spring do 7-23-61 40

4991-8-19P 1 S John Lee 7-28-51
91-6-22C 1 Strwberry Point  Creamery 1 165 11- 2-51
91-6-22C3 Strawberrv Point Creamery 3 215 do 6-20-54 54

1891-6-22D 1 Elmer Baldridge 12 2- 1-51
91-G-22G1 Strawberry Point City Well 1 100 9-19-34
92-2-5R1 Charles Cain 30 Recent alluvium 8-14-52 53
92-2-17H1 Guttenberg C'ity  Well 26 8-26-37 54
92-2-17L 1 Guttenberg City Well 2 435 Jordan sandstone 8-22-51 

9- 4-51
51

92-2-17L2 Guttenberg City Well 1 450 do 8-25-37 52
92-5-9LlS George S tahl Spring Galena dolomite 7-25-51 50
92-5-17A1 Elizabeth Deb e s 30 Recent  alluvium 2- 3-54 45
92-6-3N l Volga Town Well 225 Galena dolomite 5-25-59 51
92-6-10C1 F. G. Cummings IS

Spring
Recent alluvium 2- 3-54 

7-24-51
•19
5292-6-14G l S Stanley Sargent

93-2-7G l S Concrete Materials and 
Construction Div do Plnttcvillc limestone 7-23-54 51

93-3-2R1 S City of Clayton 2- 4-54 54
93-3-18J1 Carnaville City We l l 385 St. Peter sandstone 7-18-51
93-3-18K1 Carnaville City Well 365 9-14-34

5293-4-7A1
95-4-16B 1

Clayton County HomeHugo Kalke 780
152

Jordan sandstone 10-17-44
4-30-59

935-2R 1 John Hugensick 96 5- 1-59
93-5-23E 1 Elkader City Well 3 515 Jordan sandstone 7-10-51 52
93-5-23E 2 Elkader City Well 2 432 9-15-34
93-6-20H2......... Melvin Gregerson 158 9- 4-51 51
94-4-I8K1 Farmersburg City Well 705 5-19-54 51
94-6-25M1 St. Olaf Town Well 1 330 St. Deter sandstone 8-29-51 50
94-5-26H 1 St. Olaf Town Well 2 378 1- 4-52 51
94-5-31R1S Ray Ehlers - Big Spring a . 4-Si 47
94-6-21 F IS Emil Maur 9- 6-5 i 57
95-3-15K1 Marquette City Well 2 442 8-22-5 i
95-3-15K2 Marquette City Well 1 585 n.2.uin 52
95-3-16L1 Marquette Stockyard Well 450 do 9-23-50 52
95-3-22Q 1 McGregor City Well 2 1,006 do 1 1-18-49 52

1 5-10-51* 52
95-3-22Q2 McGregor City Well 4 502 do 10-14-45 53
95-5-22 R 1 McGregor City Well 5 6 45 do 5- 6-49 52

(12- 8-49 52
95-3-22R1 McGregor City Well 5 481 Drrsharh group < 9-22-50 52

1 9-22-50* 52
/  5-27-51 51
|  7-18-51 52

95-3-22R 1 McGregor City Well 5 479 do < 8 - 0 - 5 2 52
J 2- 2-54 52
V. 4- 5-55 52

95-3-22R2 McGregor City Well 6 116 St. l-unrencc formation < 2- 2-54 50
l  4- 5-55 50

95-3-35P1 Pikes Peak State Park 630 Jordan sandstone 7-21-37 51
95-4-15M1S F. V. Lestina Spring Galena dolomite 8-18-38 49
95-4-21A1 S Ben Lesti n a Spring Galena dolomite 7-24-61 49
95-4-31D 1 W. H . Johanningmeier 335 St. Peter sandstone 8-23-51 50
955-5 R 1 1 Luana City Well 339 2- 2-54
95-5-11K1 Monona City Well 1 815 Jordan sandstone 7-18-51 52
95-5-11K2 Monona City Well 2 814 do 3-21-37 52
96-6-32L1 Postville Packing Company 930 do 8-22-51 50
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W A T E R  IN  CLAYTON CO UNTY, IOW A

P rin c ip a l w a te r-b ea rin g  u n it is given, b u t some w a te r  com m only is derived 
also  from  o th e r  fo rm ations in th e  uncased portion  o f the  well.

pH : D eterm ination  com m only m ade severa l days a f te r  collection o f
sam ple and  m ay no t be iden tical w ith  d e te rm ina tion  m ade a t  th e  well.

Calcium 

(Ca)

Magnesium 

(Mg)

So
diu

m 
(N

a)
 an

d 
po

tas
siu

m 
(K

)

Bi
ca

rb
on

ate
 (H

CO
2) 

 S
ulf

ate
 (S

O4
)

Ch
lor

ide
 (C

l)

Fl
uo

rid
e (

F) Nitrate 

(NO3) Di
sso

lve
d s

oli
ds

pH

Hardness 
(as CaCO2)

Sp
ec

ifi
c c

on
du

cta
nc

e 
(m

icr
om

ho
s a

t 2
5°

C)

Iro
n 

(F
e)

Manganes

e 

(Mn)
Total

Carbonate

Non-carbonate

0.96 0 72 22 7.6 283 10 .3 0.0 288 8 0 270 262 18 470
.0 .0 97 49 9.1 454 69 5.5 .1 .4 493 7.0 444 372 72 717
.08 70 38 0.0 308 40 2.0 .2 1.3 392 7 6 354 326 28 650
.02 .0 126 35 0.5 405 26 0.0 .1 10 492 7 3 459 406 53 695

4.8 .0 7(1 22 13 350 14 2.0 .3 .0 317 7 8 280 280 0 546
.48 .0 75 24 7.3 322 19 5.0 .3 .0 311 7 8 286 251 22 444
.0 .0 36 16 5.8 164 21 4 0 .2 8.0 218 7 6 160 131 22 317
.08 .0 44 23 9.7 210 14 5.0.1 24 257 7 6 204 172 32 375
.0 .0 63 22 JJ 278 26 6.0 .2 4.0 278 7 8 248 228 20 502
.0 .2 56 28 62 271 21 7.0 .1 5.3 319 7 0 255 222 33 403
.20 .0 73 16 18 200 64 8.0 .1 37 299 8 0 248 164 84 453
.0 .0 58 21 8.7 278 14 3.0 .0 .8 247 7 4 231 228 3

16 1.2 76 22 4 3 286 31 3.0 .3 0 427 7 8 280 234 40 42S
.0 j 76 23 20 276 45 27 .0 44 431 7 3 284 226 58
0 .0 70 35 18 368 35 19 .1 .31 377 7 9 319 302 17 598
.0 .0 6 5 16 23 32 38 18 .1 2.2 128 9 7 82 58 24 236

1.2 .2 91 34 10 392 31 22 .0 .44 129 7 1 367 321 46
.0 .0 76 36 8 1 364 33 5 0 .2 5.3 395 7 3 338 298 40 584
.5 ,0 73 29 4 6 305 30 6.0 .2 21 284 7 8 302 250 52 474
.02 .05 «7 21 5 9 268 41 5 0 .5 2.7 204 7 8 254 220 34 480
.02 .05 86 28 4 8 334 31 4.0 .1 18 351 7 6 330 274 60 521
.0 .0 37 13 7.8 93 18 8.0 .2 57 217 7 3 140 70 70 308
.0 .0 81 44 4.8 115 27 15 .1 .0 306 7 6 383 340 43 680
.02 .0 75 38 1.6 329 27 7.0.1 10 311 8 0 344 294 60 521
.0 .0 70 29 12 312 29 12 .3 .0 328 7.8 291 260 38 537
.0 .0 80 35 16 351 31 38 .0 1.2 478 7.1 344 200 54
.6 .0 78 35 13 355 40 6.5 .3 .18 329 7.4 339 201 48
.54 .05 87 48 9.3 400 47 13 .2 31 477 7 3 415 328 87 740
.02 .05 96 27 6.0 3(1« 28 8.5 .2 35 413 7.3 351 300 51 700
.2 .0 69 31 12 307 64 5 0 .5 .0 313 7.5 301 252 49 563
.3 .0 69 32 12 330 61 4.6 .0 .0 349 7 3 305 270 35
.2 .0 74 36 7.5 378 31 7.0 .0 7.7 376 7 5 333 310 23 679
.10 .0 73 30 5.8 327 22 2.0 .2 1.8 314 7.8 396 268 38 474
.0 .0 86 36 14 366 61 22 .4 1.06 474 7.6 363 300 03 644
.22 .0 60 27 6 1 293 28 1.0 .5 .0 283] 777 261 240 21 462

.1 .0 73 31 0.7 340 31 0.0 .1 13 354 7.3 310 286 24 565
.05 .0 60 35 5.2 212 99 2.5 .3 3.1 328 8.4 294 108 96 434

11 .0 70 25 49 305 53 54 j .0 415 7.9 278 250 28 661
.1 .0 72 30 65 298 64 76 .1 .0 509 7.8 303 244 69 713
.2 .0 69 32 14 312 64 51 1 0 424 7 9 305 256 49 713

1.5 .0 138 59 733 300 475 1020 .8 .0 2.664 7.5 587 216 341 4,030
2.1 .0 153 68 824 303 561 1173 ,7 .0 3.044 7 5 662 248 414 4,810
.55 .0 103 42 325 321 225 454 j .4 1,350 7 5 431 263 168 2,880
.3 .0 117 48 511 300 319 747 .7 .0 2.W6 7.3 490 246 244 3,060
.0 .0 102 40 319 317 214 440 .6 0.0 1,335 7 5 419 260 169 2,260
.3 .0 99 44 344 303 240 515 .0 .0 1.449 7.6 428 248 180 1,743
.8 .0 UK so 526 293 325 792 .6 .0 2,063 7 6 500 240 200 3,120
.5 0 05 39 312 310 224 445 .6 .0 1,297 777 398 264 144 1,820

1.0 .03 97 39 312 320 212 439 .6 0 1,298 7.5 403 262 141 2,100
1.2 .0 60 38 25(1 310 172 348 .7 0 1,090 7.0 381 254 127 1,020
1.6 .0 90 37 210 312 160 284 .5 .0 960 7.7 377 256 121 1,300
4.8 1 81 34 140 316 123 208 .5 .0 773 7.7 312 258 84 1,336
.02 .0 84 33 30 330 45 38 .1 15 423 7.7 346 278 07 613
.04 .03 80 33 33 339 44 46 .1 2.7 428 7.5 330 278 58 755
. 7 .08 87 27 6.4 307 64 4.0 .0 .44 369 7.1 328 252 76
.0 .0 76 33 4.1 373 12 6.0 .0 13 361 7 1 320 306 2(1
0 .0 74 35 7.8 371 14 6 0 .2 5.3 35(1 7.« 329 301 25 500
.2 .0 69 30 7.1 3X0 31 5.0 .0 7.3 321 7.7 297 251 43 467
.02 .0 81 36 6.3 334 68 13 .3 .0 332 7.7 358 271 84 548
.0 .0 59 27 8.1 261 42 4.0 .0 265 7.6 258 214 44 462
.4 .04 64 19 12 256 40 10 .0 .2 252 7.1 238 210 28
.2 .0 103 12 18 512 29 4.0 .5 .31 461 7.0 431 420 11 738
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potable ground water in Clayton County ranges from 217 to 
509 p p m  dissolved solids (table 4). Excluded from this tabula
tion are water samples from McGregor wells 2, 4, and 5, where 
the well field was contaminated by highly mineralized water 
from the Mt. Simon sandstone. Of the 48 samples, 12 contained 
less than 300 p p m  dissolved solids, 22 contained between 300 and 
400 ppm, and 14 contained more than 400 ppm.

hardness. Hardness is the property of water attributable to 
the presence of alkaline earth elements. Calcium and magnesium 
are the principal alkaline earths in natural waters, although 
strontium and barium m a y  be present in small quantities. Hard
ness manifests itself in the amount of soap that is necessary to 
produce a lather because of the reaction of the soap with calcium 
and magnesium ions. It is usually expressed in terms of an 
equivalent amount of calcium carbonate.

The acceptable hardness of water depends upon the intended 
use of the water. Hardness of water used for ordinary domestic 
purposes does not become particularly objectionable up to about 
100 p p m  (Hem, 1959, p. 147). Hardness tolerances of water for 
industrial uses vary from one industry to another. A  range of 
from less than 10 p p m  to several hundred for process waters has 
been reported by the California State Water Pollution Control 
Board (1952, p. 267).

The hardness of the potable ground water samples in Clayton 
County ranges from 146 to 459 ppm; the average hardness is 
about 300 ppm. Guttenberg is the only town with a municipal 
water-softening unit; table 4 includes analyses of both the 
treated and untreated water. M a n y  domestic water softeners are 
in use in individual homes within the county.

Specific Conductance. All aqueous solutions have the ability to 
conduct electrical currents. The measure of this ability is known 
as the specific conductance or conductivity of the solution. Spe
cific conductance is the reciprocal of specific resistance and is 
expressed in mhos (micromhos). It furnishes an approximation 
of the ionic strength of a solution, within wide limits, although it 
does not indicate the relative amounts of different constituents.

Chemical Characteristics of Water in Relation to Stratigraphy
The chemical characteristics of water from aquifers are de

pendent on the chemical composition of the mineral grains com
prising the soils and rock strata, the length of time the water is 
in contact with the mineral grains, the hydrostatic head relations
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b etw een  a q u ife rs , a n d  th e  d eg ree  to  w h ich  m in e ra lize d  w a te r  
tra p p e d  d u r in g  d ep o sitio n  lias been  flushed  o u t o f  th e  a q u ife r . 
A d iscu ssio n  o f th e se  fa c to r s  is beyond  th e  scope o f  th is  re p o rt. 
B riefly , how ever, th e  fo llo w in g  g e n e ra li t ie s  a r e  v a l id : w a te r  
fro m  th e  sh a llo w er a q u ife rs  is  u su a lly  less m in e ra lize d  th a n  
w a te r  fro m  th e  d ee p e r a q u ife r s ;  w a te r  f ro m  th e  re c h a rg e  a r e a  
o f  an  a q u ife r  is  u su a lly  less m in e ra lize d  th a n  w a te r  fro m  th e
d isc h a rg e  a r e a ;  an d , ex c lu d in g  tho se  a r e a s  w h e re  ex ten s iv e  in te r 
a q u ife r  m o v em en t o f  w a te r  o ccu rs, m o st a q u ife rs  ten d  to  y ield  
a d is tin c tiv e  ty p e  o f  w a te r .  G ro u n d  w a te r  in C lay to n  C o un ty  
does n o t d e v ia te  g re a tly  fro m  th ese  g e n e ra liz a tio n s  ( ta b le s  4a 
an d  b ) .  T h e  g e n e ra l q u a lity  o f w a te r  f ro m  th e  v a r io u s  a q u ife rs  
in C lay ton  C o u n ty  is sh o w n  in fig u re s  13 a n d  14.

T h e  h a rd n e s s  o f  w a te r  fro m  th e  v a r io u s  a q u ife rs  in th e  co u n ty  
ra n g e s  f ro m  an  a v e ra g e  o f  270 ppm  in th e  fo rm a tio n s  o f 
S ilu r ia n  ag e  to  an  a v e ra g e  o f 580 ppm  in th e  lo w er p a r t  o f th e  
D resb ach  ( ta b le  4 a ) .  T h e  h a rd n e s s  o f  w a te r  in c re a se s  w ith  
d ep th , th e  seem in g ly  a b e r r a n t  a v e ra g e s  fo r  th e  J o rd a n  an d  S t. 
P e te r  s a n d s to n e s  n o tw ith s ta n d in g . M ost o f th e  an a ly se s  of w a te r  
f ro m  th e  S t. P e te r  s a n d s to n e  a re  o f w a te r  fro m  w ells t h a t  a re  
located  in  th e  re c h a rg e  a re a  o f th e  a q u ife r , w h e re  th e  chem ical

F ig u re  13.— G rap h ic  re p r e s e n ta t io n  o f  a n a ly s e s  o f w a te r  sa m p le s  fro m
se lec ted  s p r in g s .
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F i g u r e  14.— G ra p h ic  r e p r e s e n ta t i o n  o f  a n a ly s e s  o f  w a t e r  s a m p le s  f ro m  
m u n ic ip a l  su p p l ie s  d e r iv ed  f ro m  d i f f e re n t  a q u i f e r s .
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Table 4a.— R ange in H ardness, in ppm , of W a te r  F rom  W ate r-b ea rin g  U nits
in C layton County

c o n s ti tu e n ts  a re  a t  a  m in im u m  c o n c e n tra tio n . T h u s , th e  a v e ra g e  
is w e ig h te d  m o re  in  th e  d ire c tio n  o f  th e  m in im u m  a n d  is  n o t b e 
lieved to  be v a lid  f o r  th e  a q u ife r . W a te r  fro m  th e  J o rd a n  an d  
u p p e r  p a r t  o f  th e  D re sb ac h  in  m an y  p laces  is a  m ix tu re  w ith  
w a te r  f ro m  th e  o v e rly in g  a q u ife rs , th u s  th e  chem ical c o n s titu e n ts  
a r e  c e r ta in  to  be d ilu ted . T h e  in c re a s in g  h a rd n e s s  w ith  d e p th  is 
b e s t  reflec ted  in  th e  m ax im u m  co lum n o f ta b le  4a.

T h e  d isso lved  so lid s  c o n te n t ra n g e s  f ro m  an  a v e ra g e  o f  305 
p p m  in  th e  a q u if e r  o f  S ilu r ia n  a g e  to  an  a v e ra g e  o f  2,600 ppm  in 
th e  lo w er p a r t  o f  th e  D resb ach  ( ta b le  4 b ) . M in e ra liza tio n  o f  th e  
w a te r  in c re a se s  w ith  d ep th , a s  reflec ted  in  th e  m ax im u m  concen 
t ra t io n  co lum n o f ta b le  4b. T h e  a v e ra g e  c o n c e n tra tio n  o f  d is 
solved so lid s  is n o t  believed  to  be  re p re s e n ta tiv e  f o r  th e  S t. P e te r  
a n d  J o rd a n  sa n d sto n e s , becau se  o f  th e  re a so n s  s ta te d  in  th e  d is 
cu ssio n  on h a rd n e s s  o f  th e  w a te r .

A  m a jo r  c h an g e  in  w a te r  q u a lity  o ccu rs  b e tw een  th e  G alesv ille  
a n d  M t. S im on sa n d s to n e  o f  th e  D resb ach  g ro u p . T h e  w a te r  f ro m

T able 4b— R ange in Dissolved-solids C onten t, in ppm , of W a te r  from  W a
te r-b ea rin g  U n its  in C layton County

1S o m e  w e lls  a r e  a l s o  o p e n  to  S t .  P e t e r  s a n d s to n e .
2A ll  w e lls  a r e  a l s o  o p e n  to  t h e  J o r d a n  s a n d s to n e  a n d  th e  S t .  L a w r e n c e  f o r m a t io n .
3A n n ly a is  o f  w a t e r  f r o m  M c G re g o r  C ity  w e ll 4 a n d  e x t r a  a n a ly s e s  o f  C ity  w e ll 5  n o t  i n

c lu d e d .

Water-bearing unit
Depth
(feet)

Number 
of samples

Hardness of water

Maximum Minimum Average

Glacial drift and alluvium <30 6 450 248 315
Formations of Silurian age 158-209 7 333 231 270
Galena dolomite  Springs

9 6 - 5 6 5
5
5

314
415

310
251

330
345

St. Peter sandstone 130-132 7 441 201 330
Jordan sandstone1 435-030 9 431 238 320
Dresbach group2 4 4 2-585 

6 15-1006
32
32

305
662

278
400

205
580

Water-bearing unit
Depth 
(feet) 

Number 
of samples

Dissolved solids 
content of ws ter

Maximum Minimum Average
Glacial drift and alluvium

<30 6 492 281 380
Formations of Silurian age 158-269 7 376 247 305
Galena dolomite  Springs 

9 6 -565
5
5

395
477

311
291

350
380

St. Peter sandstone 130-132 7 193 283 390
Jordan sandstone1 435-930 9 161 252 350
Dresbach group2 4 4 2-585 

 645-1006
32
32

509
3044

115
2066

450
2600
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the Galesville and younger rocks is of the calcium magnesium 
bicarbonate type whereas that from the Mt. Simon is of the 
sodium chloride type. Moreover, the water from the Mt. Simon is 
much more mineralized than is the water from the younger rocks. 
Perhaps the connate saline water in the Mt. Simon sandstone was 
incompletely flushed out by fresh water. Whether this condition 
exists throughout Clayton County is not known, because the only 
wells drilled to the Dresbach group in Clayton County are at 
McGregor and Marquette. However, the water in the Mt. Simon 
sandstone at Cedar Rapids, Iowa, about 50 miles south-southwest 
of Clayton County, is known to be highly mineralized.

Temperature
Information on water temperature is necessary for industries 

and others that require water for cooling or processing purposes. 
Increasing use of air-conditioning by business establishments 
and homes also requires a knowledge of water temperature. The 
use of ground water for cooling purposes has two particularly 
great advantages over the use of surface water. Ground water is 
usually sediment free, therefore settling basins are not required 
as they are for surface water. More important, ground water 
has a uniformly low temperature throughout the year, therefore 
cooling towers are not required. The temperature of ground 
water from aquifers deeper than 50 feet usually varies no more 
than a degree or two during the year; whereas the temperature 
of surface water varies as much as 50° F.

The temperature of ground water in Clayton County ranges 
from an average of 49°F. in the drift and alluvial aquifers to an 
average of 52°F. in the Jordan sandstone and the Dresbach group 
(table 4c). The computation of the average figures is subject to 
the same limitations and conditions that were discussed in the 
preceding section. Thus, the average temperature of water from 
the Jordan and Dresbach sandstones as shown in table 4c, prob
ably is somewhat lower than the actual temperature. Water from 
the shallow aquifers exhibits seasonal variations in temperature. 
The minimum temperatures of water from the drift and alluvium 
and from the springs (table 4c) were recorded during the winter 
and early spring, whereas the m a x i m u m  temperatures were re
corded during the summer. Normally the average temperature 
of water from shallow aquifers is about the same as the average 
annual air temperature of the area. Because the average tem
perature of the water samples collected from shallow aquifers in
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C lay to n  C o u n ty  is  2 o r  3 d e g re e s  h ig h e r  th a n  th e  a v e ra g e  a i r  
te m p e ra tu re ,  i t  is  be lieved  th a t  th e  d isc re p a n c y  m ay  be d u e  to  th e  
sa m p lin g  p ro ce d u re . M an y  m o re  sam p le s  need  to  be co llected  
b e fo re  a  v a lid  a v e ra g e  te m p e ra tu re  can  be e s tab lish ed .

S an ita ry  Conditions

T h e  a n a ly se s  re p o r te d  in  ta b le  4  sh o w  on ly  th e  m in e ra l c o n te n t 
a n d  p ro p e r t ie s  o f  th e  w a te r  a n d  do n o t in d ic a te  th e  s a n i ta ry  con
d itio n . A  re la tiv e ly  la rg e  a m o u n t o f  n i t r a te  in  w a te r  is  a n  in d i
c a tio n  t h a t  th e  w a te r  m ay  c o n ta in  o rg a n ic  w a s te s , b u t  a  s a n ita ry  
a n a ly s is , p lu s  in fo rm a tio n  on  w ell c o n s tru c tio n  a n d  loca tion , is 
n e c e s sa ry  to  e s ta b lish  w ith  c e r ta in ty  t h a t  th e  w a te r  is p o llu ted .

M ost g ro u n d  w a te r  is  n e a r ly  f re e  o f  c o n ta m in a tio n  by h a rm 
fu l b a c te r ia . H o w ev er, th e  w a te r  f ro m  d u g  w ells is  likely  to  be 
c o n ta m in a te d  i f  th e y  a r e  n o t e ffec tive ly  sealed  off a t  th e  s u rfa c e  
so  a s  to  p re v e n t  th e  e n tra n c e  o f  s u rfa c e  w a te r , w h ich  com m only  
c o n ta in s  h a rm fu l  b a c te r ia . T h e  w a te r  f ro m  d rille d  w ells th a t  a r e  
cased  g e n e ra lly  is  n o t s u b je c t  to  s u rfa c e  c o n ta m in a tio n  because  
th e  c a s in g  e x te n d s  deep  en o u g h  to  ex c lu d e  s u r fa c e  d ra in a g e . 
O ccasionally , h o w ev er, leak s in  th e  c a s in g  o r  a n  in a d e q u a te  sea l 
a b o u t th e  c a s in g  m ay  e n d a n g e r  th e  su p p ly . A n o th e r  possib le  
so u rce  o f  c o n ta m in a tio n  is th e  d ire c t  inflow  o f p o llu tio n  to  w a te r 
b e a r in g  beds th ro u g h  s in k h o le s  in  lim esto n e  te r ra n e .

D o m estic  a n d  p u b lic  w a te r  su p p lie s  sh o u ld  be loca ted  a n d  con
s tru c te d  so t h a t  th e  su p p ly  o f  w a te r  is  w ho lesom e a n d  s a fe  a t  a ll 
tim es. W ells  sh o u ld  n o t  be lo ca ted  n e a r  possib le  so u rces  o f  po llu 
tio n  su ch  a s  cesspools, p r iv ie s , s e p tic  ta n k s , s in k h o les , o r  b a rn 
y a rd s . E v e ry  w ell, r e g a rd le s s  o f  ty p e , sh o u ld  be c o n s tru c te d  so  a s  
to  p re v e n t  s u rfa c e  seep ag e  f ro m  e n te r in g  th e  w ell.

T able 4c— R ange in T em p era tu re  of W ate r-b ea rin g  U n its  in C layton C ounty

1S o m e  w e lls  a r e  a l s o  o p e n  to  S t .  P e t e r  s a n d s to n e .
2A ll  w e lls  a r e  a l s o  o p e n  to  t h e  J o r d a n  s a n d s to n e  a n d  th e  S t .  L a w r e n c e  f o r m a t io n .

Depth
(feet)

Num ber 
of samples

Tcfn|>erature (°F)

W ater-bearing unit Maximum M inimum Average

Glacial d r if t  and  a lluvium < 30 7 5 4 45 49
Form ation  of Silurian age and 

G alena do lom ite Springs 7 5 4 47 49
Form ations o f Silurian age 100-2 69 6 54 51 51
S t. Peter sandstone 130-378 4 5 4 50 51
Jordan  sandstone1 435-930 9 5 4 50 52
Dresbach group1 442-1006 14 53 51 52
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A lth o u g h  w ell p i ts  p re v e n t  f re e z in g  o f  p ip es  a n d  p u m p s  in  
w in te r , th e  u n s a n i ta ry  w a te r  t h a t  a ccu m u la te s  bn  th e  floor o f 
th e se  p i ts  v e ry  com m only  is a  so u rc e  o f p o llu tio n  if  i t  overflow s 
in to  th e  c a s in g . A  p i t  sh o u ld  be p ro v id ed  w ith  d r a in s  t h a t  w ill 
fu n c tio n  a t  a ll t im e s  to  p re v e n t  a n  ac cu m u la tio n  o f  excess w a te r .

U t i l i z a t i o n  o f  G r o u n d  W a t e r

A  sm all a m o u n t o f  w a te r  is p u m p ed  f ro m  th e  M iss iss ip p i R iv e r  
fo r  use  by som e in d u s tr ie s  loca ted  a lo n g  i ts  b a n k s , b u t  n e a r ly  all 
th e  o th e r  w a te r  used  in  th e  co u n ty  is o b ta in e d  f ro m  g ro u n d -  
w a te r  so u rces .

A n e s tim a te d  2 m gd (m illio n  g a llo n s  p e r  d a y )  o f  g ro u n d  w a te r  
is p u m p ed  f o r  d o m estic  a n d  s to ck  s u p p l ie s ; a n d  a b o u t 1 m g d  o f 
g ro u n d  w a te r  is p u m p ed  by th e  few  m u n ic ip a l w ells, w h ich  
su p p ly  a  sm a ll u rb a n  p o p u la tio n  a n d  a  few  sm a ll in d u s tr ie s . I n 
d u s tr ie s  h a v in g  th e i r  ow n w ells a r e  few  in  n u m b e r  a n d  p u m p  
on ly  a b o u t 200,000 g p d  (g a llo n s  p e r  d a y ) .  I r r ig a t io n  is  lim ited  
to  m in o r g a rd e n  a n d  law n  s p r in k lin g . L o ca tio n s  of w ells  v is ited  
d u r in g  th is  in v e s tig a tio n  a re  sh o w n  on p la te  2, a n d  th e  use  o f 
w a te r  f ro m  th e se  w ells  is  g iv en  in  ta b le  6.

Public Supplies

T h ir te e n  to w n s  in  C lay to n  C o u n ty  h av e  m u n ic ip a l w a te r  su p 
p lie s  a n d  12 o f  th e m  d ep en d  upon  w ells. T h e  o th e r  to w n s  in  th e  
c o u n ty  h a v e  no  p u b lic  su p p ly , a n d  p r iv a te ly  ow ned  w ells  su p p ly  
th e i r  w a te r  needs.

A b r ie f  d e sc r ip tio n  o f  th e  w a te r-su p p ly  in s ta lla tio n s  f o r  each  
to w n  to g e th e r  w ith  th e  c o n su m p tio n  is  g iv en  on  th e  fo llo w in g  
p ag es. C hem ica l a n a ly se s  o f  th e  p u b lic -w a te r  su p p lie s  a r e  illu s
t r a te d  in  fig u re  14, a n d  a v a ilab le  d a ta  on th e  w ells a r e  su m 
m arized  in  ta b le  6. T h e  geologic logs o f som e o f th e se  w ells a r e  
g iv en  a t  th e  en d  o f  th is  re p o r t .

C l a y t o n .  T h is  is  th e  o n ly  to w n  in  C lay to n  C o u n ty  w h ic h  o b 
ta in s  i ts  w a te r  su p p ly  f ro m  s p r in g s . W a te r  f ro m  tw o  s p r in g s  
(93 -3 -2R 1S ) loca ted  a b o u t 75 f e e t  above  th e  M iss iss ip p i R iv e r  
a n d  flow ing  f ro m  th e  G a len a  do lom ite  is d iv e r te d  in to  a  s to ra g e  
ta n k  a t  th e  h ead  o f  th e  p r in c ip a l  s tr e e t .  F o m  th is  t a n k  th e  w a te r  
is d is tr ib u te d  b y  a  m a in  e x te n d in g  a b o u t h a lf  a  m ile  d ow n  th e  
s tr e e t .  In  e a r l ie r  d ay s , th e  sy s te m  w as  used  la rg e ly  f o r  fire  p ro 
tec tio n  ; b u t  a t  th e  p r e s e n t  t im e  n e a r ly  a ll th e  h o u ses  a lo n g  th e  
p r in c ip a l  s t r e e t  a r e  co nnected  to  th e  m a in . H o u ses off th e  m a in  
s t r e e t  a r e  se rv e d  by  h y d ra n ts . T h e  s p r in g s  h a v e  a n  e s tim a te d
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average combined flow of about 100 g p m  and supply a population 
of 136.

Edge wood. The water-supply system of the town was installed 
in 1922. By 1928, the town had two closely spaced 8-inch wells 
which obtained water from the dolomite of Silurian age; well 1, 
now abandoned, was 261 feet deep and completely penetrated the 
rocks of Silurian age; whereas well 2 (91-5-35P1) was 126 feet 
deep and extended into only the upper part of the rocks of Silur
ian age. In 1934 well 2 was deepened to a total of 1150 feet, 
into the Jordan sandstone, but because 70 feet of drilling tools 
was lost in the bottom of the hole, the effective depth really is 
1080 l'eet. The hole is cased with 432 feet of 6-inch casing that 
extends approximately 10 feet into the Elgin limestone member 
of the Maquoketa shale. W h e n  first completed, the well had a 
nonpumping level of 76 feet and, according to the driller, yielded 
80 g p m  for 45 minutes; the amount of drawdown was not known. 
All the aquifers above the Jordan sandstone were tested during 
the deepening of this well, but none has a specific capacity (yield 
in g p m  divided by drawdown of water level) greater than 0.5 
g p m  per foot. This well was abandoned in 1946.

In 1946, well 3 (91-5-35N1) was completed in the Elgin lime
stone member of the Maquoketa shale at a total depth of 450 feet. 
The well was cased with 16-inch iron pipe to 99 feet, and lined 
with a 12-inch liner from 248 to 375 feet; the remainder of the 
hole was open. The water level prior to pumping was 77 feet; 
but after the well had been pumped for 24 hours at a rate of 210 
gpm, the water level had declined to 115 feet. The well was 
plugged back to 248 feet in 1956, because shale caved into the 
bottom of the hole, and it now is used for standby purposes only.

Well 4 was drilled by the town of Edgewood in 1952. This well 
(90-5-2C1) is in Delaware County but is inside the town’s limits. 
The new well is 269 feet deep and completely penetrates the 
Silurian rocks. The hole is cased with 10-inch pipe to 84 feet, 
and 10-inch open hole extends to the total depth. The original 
static water level was 77 feet, and after the well was pumped for 
8 hours at the rate of 94 g p m  the water level was 182 feet. The 
temperature of the water is 50°F. A n  estimated 35,000 gpd is 
pumped from this well into a 70,000-gallon reservoir. The supply 
goes into the distribution system without treatment. The popu
lation of 767 is supplied an average of about 46 gpd per person.

Elkader. The Elkader water-supply system was installed in 
1895-96. Wells 1 and 2, drilled about 25 feet apart along the
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bank of the Turkey River, were 184 and 182 feet deep and tapped 
the St. Peter sandstone. The initial water level was 20 feet above 
the curb (altitude 734 feet) and the combined flow was 35 gpm. 
About 1912, they were pumped regularly at a reported rate of 
500 gpm, and they continued to flow when not pumped. In 1927, 
well 3 (93-5-23E1) was drilled to an initial depth of 659 feet. 
Most of the water was derived from the Jordan sandstone be
tween the depths of 490 and 530 feet and from the Prairie du 
Chien formation between the depths of 350 and 400 feet. Some 
water also came from the base of the St. Peter sandstone, and 
some came from the St. Lawrence formation at a depth of 550 
feet. The water level in 1927 was about 20 feet above the curb 
(altitude 732 feet) and the discharge was 190 gpm. The com
bined flow of wells 1 and 2 had declined to 24 g p m  at that time.

In 1933-34, well 1 was plugged with clay and abandoned and 
well 2 (93-5-23E2) was deepened to 432 feet, into the upper part 
of the Prairie du Chien formation. Well 3 (93-5-23E1) was 
deepened to 1426 feet and cased with iron pipe to 216 feet. In 
deepening this hole, the pressure head had declined to about 8 
feet below the surface. The loss of head reportedly occurred in 
the Dresbach group. In an attempt to regain the flow, the well 
was dynamited between the 345- and 525-foot levels. This re
sulted in bridging the hole. The well was then cleaned out to 515 
feet and the flow of water was restored. The well was pumped an 
average of 9 hours a day at 200 gpm. Somewhat later the com
bined flow of wells 2 and 3 was reported at 77 gpm.

At the present time well 3 is the primary source of supply, and 
untreated water is pumped to a 57,000-gallon low-level tank and 
a 173,000-gallon reservoir. The average daily pumpage is about
180,000 gpd for a population of 1,526 or an average of about 118 
gpd per person.

Farmersburg. The public water-supply system at this town 
was installed in 1939 and the well was drilled the same year. 
This well (94-4-18F1) reached the Jordan sandstone at 670 feet 
and has a total depth of 705 feet; the hole was cased to 85 feet 
with 8-inch steel pipe into the Galena dolomite. The well is re
ported to have encountered some water at a depth of 125 feet in 
the Prosser limestone member of the Galena dolomite, and the 
reported static water level of 111 feet below the surface is the 
same as that measured for the water from the St. Peter sand
stone, which occurs between 315 and 360 feet. The specific 
capacity of the combined Galena dolomite and St. Peter sand
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stone was less than 0.2 g p m  per foot of drawdown. The water 
level is reported to have declined to 240 feet when the Root Valley 
sandstone member of the Prairie du Chien formation was pene
trated between 455 and 480 feet. The final static water level was 
231 feet below land surface when the well was completed in the 
Jordan sandstone. A  pumping test indicated a specific capacity 
of about 14 g p m  per foot of drawdown after pumping at rates 
of 40 to 80 g p m  for about 5 hours.

The chemical quality of the water from well 94-4-18F1 is 
shown in table 4. Although the water is derived mostly from the 
St. Peter and the Jordan sandstones it includes some from over- 
lying formations. The water obtained from the completed well is 
harder and contains larger quantities of iron than does water 
from wells drilled into the Jordan sandstone in other areas.

The water used for public supply is not treated, and is pumped 
once a day into a 52,000-gallon reservoir. N o  records are avail
able of daily pumpage, but the demand is estimated to average 
about 30,000 gpd. This supplies a town of 250, or an average of 
about 120 gpd per person.

Garnavillo. Prior to 1924, Garnavillo obtained its public sup
ply from two wells about 150 feet deep. Because the yield of 
these wells was inadequate, a third well (93-3-18K1) was drilled 
to a total depth of 365 feet, probably to the St. Peter sandstone. 
In 1949, a new well (93-3-18J1) was drilled; it penetrated 25 
feet of the St. Peter sandstone, was 385 feet deep, and was cased 
with 10-inch pipe set at 60 feet below the top of the Galena dolo
mite. Shortly after completion of the well, the static water level 
was reported to be 70 feet below land surface. Because the draw
down was reported to be 63 feet after pumping several hours at 
the rate of 76 gpm, the specific capacity of the well probably is 
slightly less than 1 g p m  per foot of drawdown.

In 1955, the production from well 93-3-18J1 had decreased to 
less than 50 gpm. Therefore, in 1956 a well (93-3-19D1) was 
drilled to a depth of 815 feet, into the St. Lawrence formation. 
The hole was cased with 12-inch pipe from the surface to 400 
feet, or about 25 feet into the Prairie du Chien formation, and 
was pressure grouted with 185 sacks of cement. The original 
static level was 312 feet below land surface. As pumping at the 
rate of 420 g p m  caused a drawdown of 16 feet, the specific ca
pacity of the well is slightly more than 26 g p m  per foot of draw
down.
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During 1956, the town pumped a total of 15,155,000 gallons of 
water, slightly more than 8 million gallons of which was pumped 
from well 93-3-18J1. Since 1956, well 93-3-19D1 has supplied the 
town needs and the older well is used as a standby. From Sep
tember 1956 to June 1957 this well produced 14,083,000 gallons of 
water, or an average of about 51,000 gpd. The 1960 census re
ported a population of 662 which indicates an average daily use 
of approximately 77 gpd per person. The water is not treated, 
and the system includes a 30,000-gallon steel standpipe reservoir.

Guttenberg. Prior to 1937, a dug well (92-2-17H1) reported to 
be 26 feet deep, 26 inches in diameter and cased with concrete, 
served as the source for the public water supply of this town. 
This well was located about 10 feet from the Mississippi River 
and the relatively high nitrate content of the water indicated the 
well was receiving some seepage from the stream. In 1937 the 
well was reported to have a nonpumping water level 4 feet below 
the surface of the ground and to yield about 200 g p m  with a 20- 
foot drawdown.

T w o  wells were drilled into the Jordan sandstone in 1937. 
Well 1 (92-2-17L2) was drilled to a total depth of 450 feet and 
was cased into the Prairie du Chien formation with 8-inch pipe 
from the surface to 127 feet. At the time of completion, the static 
water level was 26 feet, and during an 8-hour test 440 g p m  was 
obtained with a drawdown of 64 feet. Well 2 (92-2-17L1) is 435 
feet deep. Twelve-inch surface casing was set at 56 feet and the 
completed well was cased from the surface to 99 feet with 8-inch 
pipe. The diameter of the well was considerably enlarged by dis
charging explosives at a depth of 420 feet. The static water level 
was 23 feet, and was tested at 490 g p m  for 4 hours with 19 feet 
of drawdown. Most of the supply now is obtained from well 2, 
and well 1 is used only when additional water is needed.

During the period of July 1956 through March 1957 the town 
pumped 28,349,000 gallons, or about 105,000 gpd. This indicates 
a per capita consumption of about 50 gpd. Several industries in 
the town use a small part of this total. A  food processing plant 
uses an average of about 800,000 gallons per year, a metal fabri
cating plant about 650,000 gallons per year, a creamery about
800,000 gallons per year, and a plant where button blanks are cut 
from clam shells about 350,000 gallons per year.

The water is hard and a treatment plant was constructed in 
1939. Treatment consists of aeration, addition of lime and alum, 
coagulation, re-carbonation, and rapid sand filtration. During
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summer months, when water usage is high, some untreated water 
is pumped into the mains. The system includes a 65,000-gallon 
low-level reservoir and a 132,000-gallon high-level reservoir.

Luana. The original public water supply for Luana was from 
a well drilled in 1934 to a depth of 412 feet, presumably into the 
St. Peter sandstone. The initial static water level was reported 
as 138 feet, although when measured in 1957, the static water 
level was 85 feet below land surface. Apparently the well would 
not supply enough water and a new well was drilled in 1941. This 
well (95-5-5R1) is 339 feet deep and just reached the top of the 
Decorah shale. The well is cased with 6-inch pipe to 63 feet, in 
the Elgin limestone member of the Maquoketa shale. The static 
water level was 165 feet and the yield was reported as 50 g p m  
with very little drawdown. The well yielded about 23,000 gpd 
until 1957, when the yield from the well declined. Although the 
well was acidized, its yield was not increased. A  third well 
(95-5-9E1) was drilled in 1958 to a depth of 347 feet. This well 
is cased with 8-inch pipe to 131 feet, about 30 feet into the Galena 
dolomite. The initial static water level was reported as 106 feet 
below ground surface, almost 60 feet less than the other well 
(95-5-5R1). The well produced 210 g p m  with a drawdown of 
only 7 feet. No production figures for this well are available but 
presumably this well now furnishes the town supply. The town 
has a population of 276 people and the 1957 consumption of about
23,000 gpd would indicate a per capita usage of about 83 gpd per 
person. The water is pumped without treatment into two reser
voirs of 10,000- and 30,000-gallon capacity.

Marquette. The records on the well (95-3-15K2) drilled for 
the public supply at this town in 1896 are not entirely clear. 
Seemingly, however, the well was 585 feet deep, and originally 
the water level was 17 feet above the surface. By 1904 the head 
had declined so that the well did not flow, but after recasing, the 
static level returned to 10 feet above the surface. The water level 
was 18 feet below the surface in 1944. Another well (95-3-15K1) 
was drilled in 1950 to a depth of 442 feet, into the Dresbach 
group, and was cased to a depth of 150 feet, just above the base 
of the St. Lawrence formation. The driller reported essentially 
no water to a depth of 150 feet. Water from the interval between 
150 and 325 feet had a static level of 20 feet below land surface; 
water flowed from the interval between 326 and 442 feet. The 
natural flow in 1950 was about 75 gpm, and 110 g p m  were ob
tained with a di*awdown of 12 feet after 3.5 hours of pumping.
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O n  the basis of pumping rates and water levels reported by 

the driller, the coefficient of transmissibility for the units open 
in this well, the Franconia sandstone and the Dresbach group, is 
calculated approximately as 10,000 to 20,000 gpd per foot.

The water is not treated, and about 50,000 gpd is pumped to 
supply the population of 572. This is an average of 87 gpd per 
person. The distribution system includes a 65,000-gallon reser
voir.

McGregor. Several public-supply wells have been drilled for 
the town of McGregor. The first of these wells was drilled about 
1876 to a depth of 500 feet in an attempt to obtain a flowing weli. 
The site was about 60 feet above the lower levels of the town 
and the static water level was just below land surface. Well 2 
(95-3-22Q1) was dialled in 1877 to a depth of 1,006 feet and 
cased with 4-inch copper tubing to a depth of 40 feet. The orig
inal intent was to have a flowing well with water of such mineral 
content as to be used for medicinal purposes. The original flow 
was 630 gpm, but the development of a health center never 
materialized and the water was too highly mineralized for a 
public supply. Salt water was reported to occur in a 4-foot bed 
of white sand at a depth of 520 feet in this well. The water was 
used as a fountain in the City Park until the well was plugged in 
M a y  1951, to prevent further contamination of the present city 
supply. The flow at that time was estimated to be 75 to 100 gpm.

Well 3 (95-3-22Q3) was drilled in 1890 to a depth of 520 feet 
and cased with 215 feet of 3-inch pipe. Water was reported to 
come from a depth of about 303 feet; although the initial water 
level was 20 feet above the surface, the flow had ceased by 1895.

Well 4 (95-3-22Q2) was drilled in 1898 to a depth of 502 feet 
and cased with 12-inch pipe to 70 feet and 9-inch pipe to 200 
feet. At the time of drilling the water level was 1 foot above the 
surface, but after 6 months the water level had declined to below 
the curb and in 1949 was 8 feet below the surface. The well was 
pumped at about 400 gpm, but no record of the drawdown at that 
pumping rate is available.

Late in 1948, well 5 (95-3-22R1) was drilled into the Dresbach 
group at a depth of 645 feet. The diameter of the hole was 15 
inches to a depth of 282 feet and 10 inches from 282 feet to 645 
feet, with 10-inch casing from the surface to 282 feet. The water 
level was reported to be 18.5 feet above the surface, and the flow 
about 200 g p m ; pumping at 325 g p m  lowered the water level to 
12 feet below the surface. Although the yield of the well was
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suffic ien t, th e  w a te r  w as  too h ig h ly  m in e ra lize d  fo r  most, uses. 
'P ests m ad e  w ith  th e  Iow a G eological S u rv ey  g eo p h y sica l logg ing  
e q u ip m e n t in  A u g u s t 1949 in d ica ted  th a t  w a te r  e n te re d  th e  well 
fro m  th e  G alesv ille  sa n d s to n e  o f th e  D resb aeh  g ro u p  betw een  
280 a n d  410 fe e t a n d  th e  M t. S im on  sa n d s to n e  b e tw een  530 an d  
645 fe e t. T h e  w ell a t  th is  tim e  had  a  n a tu ra l  flow o f 225 gpm  
m ade u p  o f a  flow o f a p p ro x im a te ly  125 g p m  fro m  th e  M t. S im on 
sa n d s to n e  a n d  100 gpm  fro m  th e  G a lesv ille  sa n d s to n e . N o w a te r  
seem ed to  e n te r  th e  w ell f ro m  th e  E a u  C la ire  s a n d s to n e  b etw een  
410 fe e t an d  530 feet. A s chem ical an a ly se s  o f w a te r  f ro m  n e a rb y  
w ells in d ica ted  th a t  m uch o f th e  m in era lized  w a te r  w as  o b ta in ed  
fro m  th e  M t. S im on sa n d s to n e , th e  well w as  back  filled w ith  sa n d  
an d  g ra v e l to  a  d e p th  o f  a b o u t 490 fe e t in S e p te m b e r 1949 a n d  
cem en ted  to  481 fe e t in  O ctober 1949. S u b seq u en tly  th is  p lu g  w as 
fo u n d  to  be in a d e q u a te  an d  a lead sea l w as  p laced  b etw een  481 
an d  479 fe e t in M ay 1951. A t th is  tim e, w ell 2 (95 -3 -2 2 Q 1 ), the  
deep flow ing  well, w a s  p lu g g ed  to  p re v e n t th e  m in e ra lize d  w a te r  
fro m  re a c h in g  th e  G alesv ille  sa n d s to n e . S ince  th e  a m o u n t of 
m in era lized  w a te r  re a c h in g  th e  G alesv ille  w a s  reduced , th e  q u a l
ity  o f  w a te r  f ro m  th is  a q u ife r  h a s  s te a d ily  im p ro v ed  (fig. 15 ).

In M arch  1952, w ell 6 (95-3-22R 2) w as  d rilled  to a to ta l d e p th  
o f  116 fe e t an d  com pleted  in th e  S t. L aw ren c e  fo rm a tio n . T en - 
inch ca s in g  w as se t a t  90 fe e t a n d  cem en ted  in  th e  S t. L aw ren ce  
fo rm a tio n . W hen d r il l in g  w as  com pleted , th is  w ell h ad  a s ta t ic  
w a te r  level o f  15 fee t, an d  p u m p in g  a t  394 g p m  low ered  th e  w a te r  
level to  33 fe e t. T h is  w ell now  p ro v id es  th e  e n t i r e  c ity  su p p ly , 
a lth o u g h  w ell 5 (95-3-22R -1) is s till flow ing  an d  is av a ila b le  in 
an  em erg en cy .

In  1956 th e  c ity  p u m p ed  44,472,800 g a llo n s  o f w a te r , an  a v e r 
ag e  o f a b o u t 122,000 gpd  to  su p p ly  a p o p u la tio n  o f 1.040, an  
a v e ra g e  o f  a b o u t 117 gpd  p e r p e rso n . T h e  w a te r  is n o t tre a te d , 
a lth o u g h  ch lo rin e  h a s  been used  in th e  p a s t. T h e  d is tr ib u tio n  
sy s tem  in c lu d es a 275 ,000-gallon  re se rv o ir .

M o n o n a .  T he  w a te r  su p p ly  fo r  th is  to w n  w as  o r ig in a lly  ob
ta in ed  fro m  a s p r in g  a n d  a w ell d rilled  in th e  S t. P e te r  s a n d s to n e  
a t  a re p o rte d  d e p th  o f  459 fee t. F ie ld  r e p o r ts  by th e  Iow a G eo
logical S u rv ey  in 1935 in c lu d e  m en tio n  o f  tw o  ab a n d o n ed  w ells, 
each 415 fe e t deep. O ne w ell w as ab a n d o n ed  in 1920, an d  had  a 
w a te r  level o f 161 fee t in 1935. T h e  second w ell h ad  been d eep 
ened to  465 fe e t b u t w as a b a n d o n ed  in 1932. I t  had  a  s ta t ic  w a te r  
level o f a b o u t 200 fe e t an d  a p u m p in g  level o f a b o u t 400 fe e t 
w hen  d is c h a rg in g  40 gpm . In  1922, well 1 (95-5-11K 1) w as
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drilled through the Jordan sandstone to a total depth of 815 feet. 
In 1936, because the well yielded contaminated water, it was re
paired stnd recased with 8-inch iron pipe to a depth of 681 feet. 
In 1935, the static water level was reported to be 415 feet below 
land surface, and in 1937 it was at 437 feet with a reported p u m p 
ing capacity of 75 gpm. The resulting drawdown at that p u m p 
ing rate is not known.

In 1932, well 2 (95-5-11K2) was drilled about 50 feet from 
well 1 to a depth of 814 feet. The well is cased with 10-inch cas
ing from the surface to 408 feet, probably into the St. Peter sand
stone. The static water level was 427 feet, and pumping at the 
rate of 327 g p m  caused a drawdown of 83 feet. This well n o w  
supplies most of the water used, with well 1 available in emer
gency.

The town of Monona pumped 23,714,000 gallons of water in 
1955, an average of almost 65,000 gpd. This quantity supplies a 
population of 1,346, which indicates a per capita consumption of

Figure 15.- Graph showing the decrease in dissolved solids content of water 
front well 95-2-22R1 at McGregor after well was plugged back to shut out 

mineralized water front deeper aquifers.
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about 49 gpd. Of this total, the Chicago, Milwaukee, St. Paul and 
Pacific Railroad uses an estimated 7,000 gpd. The water is not 
treated, and the system includes a 60,000-gallon reservoir for 
maintaining pressure in the public system and a separate reser
voir for the railroad supply.

St. Olaf. Prior to 1928, St. Olaf obtained its water supply from 
a dug well 8 feet in diameter and lined with stone. The well was 
in the alluvium along Roberts Creek, which runs through the 
town. The system was expanded in 1927, and well 1 (94-5-25M1) 
was drilled to a depth of 330 feet. The water level was reported 
to be 191 feet below the surface. N o  other records are available 
on this well, but evidently it passed through the St. Peter sand
stone and into the Prairie du Chien formation. The well was 
abandoned in 1951 because the water was bacterially contam
inated.

Well 2 (94-5-26H1) was drilled in 1951 to a depth of 378 feet, 
and cased with 8-inch iron pipe to 302 feet. The well is open to 
the St. Peter sandstone and nearly 40 feet of the underlying 
Prairie du Chien formation. The initial static water level was 
187 feet below land surface, and pumping at 55 g p m  caused a 
drawdown of 37 feet.

N o  record is kept of the amount of water pumped, but it is 
estimated to be about 18,000 gpd to supply a population of 169. 
This is an average of about 106 gpd per person. The water is 
chlorinated and pumped directly into the mains or to a 51,000- 
gallon reservoir.

Strawberry Point. The public-supply system at this town was 
installed in 1900. Very little information is available on the 
wells, except that city well 1 (91-6-22G1) was 160 feet deep and 
obtained water from the Hopkinton dolomite. In 1936, city well 
2 (91-6-22G2) was drilled to a depth of 492 feet and completed 
in the Galena dolomite. Casing was set into the Silurian rocks at 
161 feet. Below this, open hole extended to 229 feet, where 141 
feet of 10-inch liner was set opposite the upper part of the Ma- 
quoketa shale; open hole continued from 370 to 492 feet. At the 
time of completion the static water level was 130 feet below land 
surface, and pumping at an average rate of 400 g p m  caused a 
drawdown of 30 feet, which indicates a specific capacity of 
slightly more than 13 g p m  per foot of drawdown. At this time 
it was determined that all the production was from the aquifer of 
Silurian age. The well was repaired in 1944 after blue, clayey 
material was found in the water. At that time the static water
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level w as  re p o r te d  to  be 128 fee t, a n d  th e  w ell w as  p u m p ed  a t  438 
g p m  w ith  a  d ra w d o w n  o f  30 fee t.

C ity  w ell 3 (9 1 -6 -2 2 K 1 ), d r ille d  in  1955, w as  co m p le ted  to  a  
d e p th  o f  259 fe e t  a n d  fin ished  in  th e  E d g ew o o d  lim esto n e . T h e  
w ell w a s  cased  w ith  8 -inch  c a s in g  in to  th e  K a n k a k e e  lim esto n e  
a t  157 fee t. T h e  s ta t ic  w a te r  level w a s  130 f e e t  below  th e  s u r 
face , a n d  p u m p in g  a t  a  r a te  o f 280 g p m  low ered  th e  w a te r  level 
30 fe e t.

T h e  to w n  o f S t ra w b e r r y  P o in t  p u m p ed  72,722,000 g a llo n s  o f 
w a te r  in  1956, a n  a v e ra g e  d a ily  p u m p a g e  o f  a p p ro x im a te ly  199,- 
000 g p d  to  su p p ly  a  p o p u la tio n  o f  1,303. T h is  is  a n  a v e ra g e  o f  
a b o u t 152 g p d  p e r  p e rso n . W ell 2 fu rn is h e d  67,870,000 g a llo n s  o f  
th e  to ta l  p u m p ag e . I n  1957, w ell 2 b e g a n  y ie ld in g  a n  o b jec tio n 
ab le  a m o u n t o f  s e d im e n t u n d e r  su s ta in e d  h e a v y  p u m p in g , th e r e 
fo re  w ell 4 (9 1 -6 -22N 1) w a s  d r ille d  to  th e  to p  o f  th e  M aq u o k eta  
sh a le  a t  240  fe e t. T en -in ch  c a s in g  w as  s e t  in  th e  K a n k a k e e  lim e
s to n e  a t  135 fe e t. T h e  s ta t ic  w a te r  level in  w ell 4 is 96 fe e t, a n d  
p u m p in g  a t  a  r a te  o f  420 g p m  cau ses  a  d ra w d o w n  o f on ly  14 fe e t. 
T h is  in d ic a te s  a  specific  c a p a c ity  o f  30 g p m  p e r  fo o t o f  d ra w 
dow n. N o p u m p in g  re c o rd s  on th e  1957 w ell a re  av a ilab le , b u t  
i t  is  a ssu m ed  th is  w ell w ill f u rn is h  t h e  m a in  su p p ly  f o r  th e  to w n , 
a n d  th e  o ld e r w ells  w ill be u sed  o n ly  in  e m erg en cy .

T h e  d is t r ib u t io n  sy s te m  o f  th e  to w n  in c lu d es  a n  80 ,000-gallon  
e lev a ted  s te e l ta n k , a n d  th e  w a te r  is  p u m p ed  e i th e r  in to  th e  r e s 
e rv o ir  o r  th e  m a in s  w ith o u t t re a tm e n t.

V o l g a .  T h e  p u b lic  w a te r-s u p p ly  sy s te m  f o r  th is  to w n  o f  361 
p e rs o n s  w a s  e s ta b lish e d  in  1957, w h en  a  w ell (92 -6 -3 N 1 ) w as  
co m p le ted  a t  a  d e p th  o f  225 fe e t. I t  is  cased  w ith  8 -inch  p ip e  to  
th e  to p  o f  th e  G a len a  do lom ite  a t  a  d e p th  o f  53 f e e t ;  th e  r e s t  o f 
th e  ho le  is o pen  to  th e  G a len a  d o lo m ite . T h e  in i t ia l  w a te r  level 
w a s  41 fee t, a n d  th e  d ra w d o w n  in  w a te r  level w a s  15 f e e t  w h e n  
th e  w ell w a s  p u m p ed  a t  a  r a te  o f  150 g pm .

D u r in g  1958, th is  w ell p ro d u ced  9 ,057,800 g a llo n s  o f  w a te r , an  
a v e ra g e  o f a lm o s t 25 ,000  g p d . B ased  on  a  p o p u la tio n  o f 361, th e  
a v e ra g e  d a ily  p e r  c a p ita  u se  is  a b o u t 69 g a llo n s. A  c re a m e ry  u ses  
a n  a v e ra g e  o f  a b o u t 10,000 gp d . T h e  w a te r  is  c h lo r in a te d  b e fo re  
b e in g  p u m p ed  to  a  42 ,000-gallon  su p p ly  ta n k .

Domestic and Stock Supplies
N e a r ly  a ll r u r a l  r e s id e n ts  o f  C lay to n  C o u n ty , a s  w ell a s  th e  

re s id e n ts  o f  sm a ll to w n s  th a t  lack  a  m u n ic ip a l su p p ly , o b ta in  
w a te r  f o r  d o m estic  a n d  s to ck  su p p lie s  f ro m  w ells. B ecau se  o f 
th e  g r e a t  to p o g ra p h ic  re lie f , w ell d e p th s  d iffe r  m a rk e d ly  f ro m



67O F  C L A Y T O N  C O U N T Y ,  I O W A

p lace  to  p lace  in  th e  co u n ty . T h e  a v e ra g e  d e p th  is  a p p ro x im a te ly  
200 fe e t, b u t  som e f a r m  w ells  a re  m o re  th a n  800 f e e t  deep . T h e  
m a jo r i ty  o f  th e  w ells  a re  d r ille d  a n d  a re  6 in ch es  o r  less in  
d ia m e te r .

F lo w in g  a r te s ia n  w ells h a v e  been  d r ille d  on a  fe w  f a rm s  in  
th e  n o r th e a s te rn  p a r t  o f  th e  co u n ty . O nly  a  v e ry  few  o f  th e  m a n y  
s p r in g s  in  th e  co u n ty  h a v e  been  developed  fo r  u se  a s  sto ck  s u p 
p lie s ;  a  fe w  undeve loped  s p r in g s  a lso  a r e  used . T h e  chem ical 
a n a ly se s  o f  w a te r  f ro m  a  n u m b e r  o f  s p r in g s  a re  sh o w n  in  ta b le  
4 a n d  g ra p h ic  r e p re s e n ta tio n s  o f  th e  a n a ly se s  a r e  sh o w n  in  
f ig u re  13.

M o st r u ra l  w ells a re  p u m p ed  only w h en  w a te r  is needed  an d  
th e  d is c h a rg e  r a t e  com m only  is  only  a  fe w  g a llo n s  p e r  m in u te . On 
m a n y  f a r m s  th e  o ld e r  w in d m ill a n d  p u m p  ja c k  sy s te m s  a re  b e in g  
d ism a n tle d  a n d  e le c tr ic  p re s s u re  sy s te m s  a re  b e in g  in s ta lle d  fo r  
m o re  efficien t u se  o f  th e  w a te r . F a rm s , u n less  v e ry  la rg e , g e n 
e ra l ly  a r e  su p p lied  by  a  s in g le  w ell. A  c o u n t o f  th e  n u m b e r  o f  
f a rm s  in d ic a te s  t h a t  th e re  a r e  a b o u t 3 ,000 d o m estic  a n d  s to ck  
w ells in  th e  co u n ty . T h is  n u m b e r  in c lu d es  w ells used  p r in c ip a lly  
fo r  d o m estic  p u rp o se s  in  to w n s  t h a t  lack  m u n ic ip a l su p p lie s . I f  
th e  a v e ra g e  f a r m  fa m ily  u ses  a b o u t 600 gp d , th e  a v e ra g e  p u m p - 
ag e  f ro m  d o m estic  a n d  s to ck  w ells  in  th e  co u n ty  is a b o u t 2 m gd .

In d u stria l Supplies
T h e  15 c re a m e r ie s  in  C lay to n  C o u n ty  a r e  th e  m a in  u s e rs  o f 

g ro u n d  w a te r  f o r  in d u s tr ia l  p u rp o se s . A ll th e  c re a m e r ie s  u se  
w a te r  on ly  f o r  p a r t  o f  each  d ay  a n d  som e f o r  on ly  3 d a y s  each  
w eek. A lth o u g h  th e  e x a c t a m o u n t o f  w a te r  used  p e r  d ay  by  each  
c re a m e ry  is  n o t k n o w n , th e  a v e ra g e  is a b o u t 10,000 gp d , o r  a  to ta l  
o f  150,000 g p d . O th e r  in d u s tr ie s  h a v in g  th e i r  ow n  g ro u n d -w a te r
su p p ly  in c lu d e  a  too l m a n u fa c tu r in g  e s ta b lis h m e n t a t  G u tten -  
b e rg  a n d  p o u ltry  p ro c e ss in g  e s ta b lis h m e n ts  th ro u g h o u t th e  co u n 
ty . T h e  to ta l  in d u s tr ia l  p u m p a g e  is  e s tim a te d  to  be a b o u t 200,- 
000 g p d .

S om e in d u s tr ie s  m ak e  u se  o f  m u n ic ip a l su p p lie s . T h e  tw o  
b o ttl in g  p la n ts  f o r  s o f t  b e v e ra g e s , one a t  G a rn a v illo  a n d  th e  
o th e r  a t  E lk a d e r , a n d  th e  food p ro c e ss in g  p la n t  a t  G u tte n b e rg
a re  su p p lie d  w ith  w a te r  by  th e  m u n ic ip a l sy s te m  o f  th e  c ity  in  
w h ich  each  is  loca ted . M u n ic ip a l w a te r  su p p lie s  a r e  a lso  used  by  
se v e ra l ice p la n ts . T h e  sa n d  m in e  a t  C lay to n  o b ta in s  w a te r  
d ire c tly  f ro m  th e  M iss iss ip p i R iv e r  f o r  w a sh in g  s a n d ;  th is  w a te r  
is  u n t re a te d  a n d  is  used  once only , a f t e r  w h ich  i t  is  r e tu rn e d  to  
th e  r iv e r .
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G E O L O G IC  F O R M A T IO N S  A N D  T H E IR
W A T E R -B E A R IN G  C H A R A C T E R IS T IC S

P r e -C a m b r i a n  R o c k s

N o w ells  in  C lay to n  C o u n ty  h av e  been  d r ille d  deep  en o u g h  to  
rea c h  th e  P re -C a m b r ia n  rocks. H o w ev er, s e v e ra l w ells  in  a d 
ja c e n t  c o u n tie s  h av e  reach ed  th e se  rocks, a n d  th e  g r e a t  v a r ia n c e  
in  th e  a lt i tu d e  o f  th e  P re -C a m b r ia n  s u r fa c e  in  th e s e  s e v e ra l w ells 
in d ic a te s  t h a t  th e  to p  o f  th e  P re -C a m b r ia n  is  a n  e ro s io n a l s u rfa c e  
o f  g r e a t  re lie f . A lth o u g h  th e y  a r e  k n o w n  to  c o n s is t p r in c ip a lly  o f
ig n eo u s  a n d  m e ta m o rp h ic  rocks, th e  u p p e rm o s t o f  th e  P re -  
C a m b ria n  ro ck s  co n s is t, in  p laces, o f  s e d im e n ta ry  s t r a ta .  A t 
L a n s in g , Io w a , a b o u t 13 m iles n o r th  o f  th e  C lay to n  C o u n ty  line, 
a so f t , s il ty  red  sh a le  w as  reach ed  a t  a  d e p th  o f on ly  675 fee t. 
B e n e a th  25 fe e t  o f  th is  sh a le  is 12 f e e t  o f  m ed iu m - to  f in e -g ra in ed  
sa n d s to n e , a n d  a t  712 fe e t, c ry s ta ll in e  ro ck  w a s  reach ed . T h e  a g e  
o f th e se  se d im e n ts  is n o t  k n o w n  d efin ite ly , b u t  in  Io w a  th e  red  
sh a le  a n d  s a n d s to n e  t h a t  u n d e rlie  s t r a t a  o f  k n o w n  L a te  C a m b ria n  
a g e  com m only  hav e  been  a ss ig n e d  to  P re -C a m b r ia n  sy s te m s  
(T ro w b rid g e  a n d  A tw a te r , 1934, p. 2 9 ) .

B ecause  th e  P re -C a m b r ia n  s e d im e n ta ry  a n d  c ry s ta ll in e  ro ck s  
do  n o t  y ield  w a te r  in  a d ja c e n t  co u n tie s , th e y  a r e  believed  u n 
like ly  to  y ield  w a te r  in  C lay to n  C o u n ty .

C a m b r i a n  S y s t e m

S t .  C r o ix a n  S c i- ie s

D rcsbach G roup

S t r a t i g r a p h y .  T h e  D re sb ac h  g ro u p  w as  n a m e d  by W inche ll 
(1 8 8 6 ) to  in c lu d e  a  th ic k  s a n d s to n e  sec tio n  t h a t  c o n ta in s  som e 
sh a le  a n d  s a n d s to n e  now  a ss ig n e d  to  th e  lo w er p a r t  o f  th e  F r a n 
co n ia  sa n d s to n e . T h e  te rm  D re sb ac h  now  is  g e n e ra lly  ap p lie d  to  
a ll U p p e r  C a m b ria n  beds below  th e  b a se  o f  th e  F ra n c o n ia  s a n d 
s to n e , a n d  inc ludes, in  a sc e n d in g  o rd e r , th e  M t. S im on , E a u  
C la ire , a n d  G alesv ille  sa n d s to n e s  (R a a sc h , 1 9 3 5 ). A lth o u g h  th e  
D re sb ac h  g ro u p  is  n o t exposed  in  C lay to n  C o u n ty , th e se  s a n d 
s to n e s  can  be d if fe re n tia te d  in  th e  s u b su rfa c e . T h e  M t. S im on , 
a s  in d ic a te d  by  sam p le s  f ro m  M c G reg o r c ity  w ell 5 (9 5 -3 -2 2 R 1 ), 
c o n s is ts  o f  co a rse , c le a r  to  p in k  a n d  g ra y , a n g u la r  to  ro u n d ed , 
p a r t ly  f ro s te d  q u a r tz  g ra in s ,  w ith  som e g ra y  to  g re e n  m icaceous 
sh a le . A lth o u g h  only  115 f e e t  o f  th e  M t. S im o n  w as  p e n e tra te d , 
th e  p ro b a b le  th ic k n e ss  is  in  th e  o rd e r  o f  h u n d re d s  o f  fe e t. T h e
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Eau Claire sandstone is made up of gray, partly fissle, silty shale 
and some siltstone with dolomitic cement. The Eau Claire here is 
about 120 feet thick. The upppermost formation, the Galesville, 
is composed of white to gray, medium to coarse, frosted sand 
grains that generally are rounded. The thickness is about 140 
feet.

Water supply. The Marquette city wells 1 and 2 (95-3-K2 and 
Kl), the Chicago, Milwaukee, St. Paul and Pacific Railroad wells 
(95-3-16L2 and L3) at Marquette, and the McGregor city wells 
2, 4, and 5 (95-3-22Q1, Q2, and Rl) all obtain water from the 
Dresbach group. McGregor city well 2 (95-3-22Q1) at a total 
depth of 1,006 feet may have reached rock below the Dresbach 
group, but this is doubtful as the Pre-Cambrian surface is be
lieved to slope steeply to the south and west from the compara
tively shallow depth at Lansing.

Water from the lower formation of the Dresbach group is 
much more mineralized than that from the upper formation (fig. 
16). The sample from the McGregor city well 2 (95-3-22Q1), 
which was collected from a depth of 1,004 feet and so can be con
sidered representative of water from the Mt. Simon, had a high 
dissolved-solids content; whereas the sample collected at the land 
surface, which represents a mixture from all formations of the 
Dresbach group had a markedly lower dissolved-solids content. 
Similarly, the dissolved-solids content of the water sample col
lected from the McGregor city well 5 (95-3-22R1) at a depth of 
470 feet was substantially higher than that of the sample col
lected at the surface. The sample collected at 470 feet was water 
from the Mt. Simon that was not completely sealed off by a plug 
set at 481 feet; whereas the sample collected at the surface was 
made up of the combined flow from the Mt. Simon and Galesville. 
Samples collected from this well since the water from the Mt. 
Simon was successfully sealed off in M a y  1951 are representative 
of water from the Galesville only, and all show a marked de
crease in dissolved-solids content (table 4).

A  rather undesirable characteristic of water from the Dres
bach group in this area is hydrogen sulfide gas which gives the 
water an odor of “rotten eggs.” The gas, however, can be re
moved easily by aeration.

All the wells mentioned above had initial flows of about 200 
gpm, but these flows have since diminished. Those wells still in 
u$e- are pumped with only a moderate drawdown. The temper- 
afule of the water from the Dresbach group does not vary notice-
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F ig u r e  10.— G ra p h ic  r e p re s e n ta t io n  o f  ch em ica l a n a ly s e s  o f w a te r  fro m  w ells 
95-3-22Q1 a n d  95-3-22R 1 a t  M cG reg o r i l lu s t r a t in g  th e  in c re a se  o f m in e ra l

iz a tio n  w ith  d ep th .
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ab ly  w ith  d e p th ;  a  te m p e ra tu re  o f  5 2 °F . h a s  been  reco rd ed  f o r  
w a te r  f ro m  b o th  th e  M t. S im on  a n d  th e  G alesv ille .

Franconia Sandstone

S t r a t i g r a p h y .  T h e  n a m e  F ra n c o n ia  w a s  f ir s t  ap p lie d  b y  
B e rk e y  (1897, p. 3 7 7 ), a n d  is  now  used  f o r  beds u n d e rly in g  th e  
S t. L a w re n c e  fo rm a tio n  a n d  o v e rly in g  th e  D re sb ac h  g ro u p . T h is  
fo rm a tio n  in c lu d es  in  a sce n d in g  o rd e r  th e  I ro n to n , G oodenough  
(T a y lo r F a l ls ) ,  H u d so n , a n d  B ad  A xe m em b e rs  (R aasch , 1 9 35). 
A s  th e se  m em b e rs  a r e  d iffe re n tia te d  in  s u rfa c e  e x p o su re s  on  th e  
b a s is  o f  fo ss ils , su b d iv is io n  o f  th e  fo rm a tio n  in  th e  s u b s u rfa c e  is  
d ifficult. I n  C lay to n  C o u n ty , w h e re  th e  F ra n c o n ia  is  k n o w n  only  
in  th e  s u b su rfa c e , i t  c o n s is ts  o f  g lau c o n itic , d o lo m itic  s il ts to n e  
a n d  sh a le  in te rb e d d e d  w ith  g la u c o n itic  sa n d s to n e . T h e  I ro n to n  
m em b er is  reco g n ized , h o w ev er, a s  th e  c o a rse -g ra in e d , so m e w h a t 
m o re  do lom itic , lo w er sa n d s to n e . I n  th e  M a rq u e tte  a r e a  th e  to ta l  
th ic k n e s s  o f  th e  F ra n c o n ia  s a n d s to n e  is  a b o u t 130 fe e t.

W a t e r  s u p p ly .  T h e  s il ts to n e  a n d  sh a le  in  th e  u p p e r  p a r t  o f  th is  
fo rm a tio n  p ro b ab ly  y ie ld  l i t t le  w a te r  to  w ells. A lth o u g h  se v e ra l 
w ells t h a t  d ra w  w a te r  f ro m  th e  u n d e r ly in g  D re sb ac h  g ro u p  a r e  
o pen  to  m u ch  o f th e  F ra n c o n ia  sa n d s to n e , no w ells  in  C lay to n
C o u n ty  ta p  on ly  th e  F ra n c o n ia . T h e  b a sa l I ro n to n  m em b er 
p ro b ab ly  y ie ld s  som e w a te r  to  th e  w ells  t h a t  a re  b o tto m ed  in  th e  
D re sb ac h .

St. Lawrence Form ation
S t r a t i g r a p h y .  T h e  n a m e  S t. L a w re n c e  w a s  o r ig in a lly  a p p lie d  

b y  W inchell (1874, p. 152-155) to  th e  do lom itic  lim es to n e s  ex 
posed  a lo n g  th e  M in n e so ta  R iv e r  n e a r  S t. L a w re n c e , M inn ., 
w h e re  th e  d o lo m itic  beds a r e  u n d e r la in  by  g lau c o n itic  s a n d s to n e  
a n d  o v e rla in  b y  s il ts to n e . L a te r  W in ch e ll (1876, p . 153-155) de
sc rib ed  th e  S t. L a w re n c e  a s  c o n s is tin g  o f  200 f e e t  o f  “ do lom itic  
lim es to n e "  w ith  som e d is tin c tly  a re n a c e o u s  la y e rs  a n d  s ta in e d  
w ith  g re e n  sa n d , o v e rla in  b y  th e  J o rd a n  sa n d s to n e  a n d  u n d e rla in  
by  th e  S t. C ro ix  s a n d sto n e . T h e  M en d o ta  lim es to n e  o f  I rv in g  
(1875, p . 441-442) a n d  th e  B lack  E a r th  do lom ite  o f  U lr ic h  (1916 , 
p . 477) seem  to  be  th e  sa m e  d o lo m itic  u n i t  (T ro w b rid g e  a n d  A t
w a te r ,  1934, p . 5 5 ; R a a sc h , 1935, p . 3 1 1 ) . In  C lay to n  C o u n ty , th e  
fo rm a tio n  c o n s is ts  a lm o s t w ho lly  o f  c o a rse ly  c ry s ta ll in e , g ra y , 
s il ty  d o lo m ite  c o n ta in in g  som e g lau c o n ite . T h e  v a r io u s  m em b ers  
h av e  n o t  been  d if fe re n tia te d  in  th e  s u b su rfa c e .

T h e  S t. L a w re n c e  fo rm a tio n  h a s  b een  reco g n ized  in  w ell c u t
t in g s  in  I llin o is  a n d  is  exposed  in  n o r th e a s te rn  Io w a  a n d  in  a d -
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ja c e n t  p a r t s  o f  W isco n sin  an d  M in n eso ta . T h e  th ic k n e s s  o f  th is  
fo rm a tio n  in  C lay to n  C o u n ty  p ro b ab ly  is so m e w h a t m o re  th a n  
170 fee t. T h is  th ic k n e s s  w as  fo u n d  in  th e  M a rq u e tte  c ity  w ell 2 
(95-3 -15K 1) w h e re  th e  S t. L a w re n c e  locally  fo rm s  th e  b ed ro ck , 
a n d  th e  to p , th u s , is  px*obably a n  e ro s io n a l su rfa c e .

W a t e r  s u p p l y .  T h e  u p p e r  p a r t  o f  th is  fo rm a tio n  y ie ld s  w a te r  
f ro m  f r a c tu r e s  o r  so lu tio n  o p en in g s  w h ich  co n n ec t w ith  th e  o v er- 
ly in g  J o rd a n  sa n d s to n e . M an y  w ells in  th e  co u n ty  d r ille d  to  th e  
J o rd a n  s a n d s to n e  a lso  p e n e tr a te  th e  u p p e r  p a r t  o f  th e  S t. L a w 
ren c e  a n d  p ro b ab ly  d ra w  som e w a te r  f ro m  th is  u n it. M cG reg o r 
c ity  w ell 6 (9 5 -3 -22R 2) d ra w s  i ts  w a te r  f ro m  a  la rg e  c h a n n e l o r  
f r a c tu r e  in  th e  S t. L aw ren ce , b u t  p ro b a b ly  m o st o f  th is  w a te r  is 
m o v in g  in to  th e  S t. L a w re n c e  fo rm a tio n  f ro m  th e  o v e rly in g  
J o rd a n  san d sto n e . T h e  d iscu ss io n  o f  th e  c h a ra c te r  o f  w a te r  f ro m  
th e  S t. L a w re n c e  fo rm a tio n , th e re fo re , is  in c lu d ed  w ith  th e  d is 
cu ssio n  o f  th e  J o rd a n  sa n d sto n e .

Jordan  Sandstone

S t r a t i ( / r a p h y .  T h e  J o rd a n  s a n d s to n e  w a s  n am ed  by  W inchell 
(1 8 7 2 ; 1874 ; p . 147-152) f o r  e x p o su re s  in  a n d  n e a r  J o rd a n , 
M in n . A s used  in  th is  r e p o r t  i t  in c lu d es  th e  bed s o f  s a n d s to n e  
a n d  v e ry  s a n d y  do lom ite  ly in g  below  th e  O n eo ta  d o lo m ite  m em b er 
o f  th e  P r a i r ie  du  C h ien  fo rm a tio n  a n d  ab o v e  th e  do lo m ite  o f  th e
S t. L a w re n c e  fo rm a tio n . A cco rd in g  to  T ro w b rid g e  a n d  A tw a te r  
(1934, p . 2 7 -7 9 ), th e  J o rd a n  s a n d s to n e  is  e q u iv a le n t to  th e  
M ad ison  sa n d s to n e  o f  I rv in g  (1875 , p . 4 4 2 ) .

T h e  fo rm a tio n  is  com posed  o f  loosely cem en ted , m ed iu m  to  
co a rse , buff to  w h ite , w e ll-so rted , sa n d  g r a in s  h a v in g  a  f ro s te d  
s u rfa c e . T h e  sa n d  g r a in s  a r e  so m e w h a t la r g e r  th a n  in  th e  
y o u n g e r  S t. P e te r  s a n d s to n e  a n d  in  th e  R o o t V alley  s a n d s to n e  
m em b er o f  th e  P r a i r ie  du  C h ien  fo rm a tio n , b u t  th is  d iffe ren ce  
is  n o t  d ia g n o s tic  en o u g h  to  id e n tify  th e  fo rm a tio n  w h en  th e  
s t r a t ig r a p h ic  re la tio n s  a r e  u n k n o w n . T h e  th ic k n e ss  o f  th e  J o r 
d a n  sa n d s to n e  in  C lay to n  C o u n ty  is  v a ria b le , r a n g in g  f ro m  40 
f e e t  in  th e  E lk a d e r  c ity  w ell (9 3 -5 -2 3 E 1 ) to  120 fe e t  in  th e  C lay 
to n  C o u n ty  H om e w ell (93 -4 -7A 1) n o r th  o f  E lk a d e r .

B ecause  o f  th e  h ig h  re l ie f  o f  th e  lan d  s u r fa c e  a n d  th e  s lig h t 
so u th w e s te r ly  d ip  o f  th e  beds, th e  d e p th  to  th e  J o rd a n  s a n d s to n e  
v a r ie s  g r e a t ly  th ro u g h o u t  th e  co u n ty . T h e  d e p th  n e c e s sa ry  to  
re a c h  th e  J o rd a n  can  be d e te rm in e d  a p p ro x im a te ly  by  e x a m in in g  
th e  logs o f  w ells  in c lu d ed  w ith  th is  r e p o r t  o r  th e  geo log ic  sec tio n  
o f  C lay to n  C o u n ty  (p i. 3 ) .
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W a t e r  s u p p l y .  B ecause  wells d ril led  in to  th e  .Jordan san d s to n e  
in C lay ton  C oun ty  a r e  no t cased  com plete ly ,  w a te r  from  o th e r  
fo rm a tio n s  a lso  m ay  e n te r  the  wells. T h u s ,  th e  q u a l i ty  of w a te r  
d iffe rs  in wells t a p p i n g  th e  J o r d a n  (tig. 17). T h e  v a r ia t io n s  in 
dissolved solids c o n te n t  a n d  h a r d n e s s  a r e  sh o w n  in tab les  4a  an d  
b ;  t e m p e r a tu r e  d a ta  a r e  show n  in tab le  4c.

M un ic ipa l  wells t a p p in g  th e  J o r d a n  s a n d s to n e  y ield  a s  m uch  
as  490 g p m  ( tab le  (5). T h e  specific ca p a c i ty  of  th e s e  wells, how 
ever,  r a n g e  f ro m  a b o u t  4 to  20 g p m  p e r  foo t o f  d ra w d o w n .  M u 
n ic ip a l i t ie s  and  indust  r ie s  in th e  cou n ty  e x t r a c t  a p p ro x im a te ly  1/•> 
m gd fro m  the J o r d a n  sa n d s to n e  in C lay ton  C ounty .

Not en ough  d a ta  a r e  av a ilab le  to d e te rm in e  all the  re c h a rg e  
a n d  d is c h a rg e  a r e a s  o f  th e  J o r d a n  s a n d s to n e  in C lay to n  C ounty . 
P re su m a b ly ,  how ever ,  som e r e c h a r g e  e n te r s  th e  co u n ty  by  s u b 
s u r fa c e  inflow f ro m  the  n o r th w e s t ,  becau se  th e  p re s s u r e  head  of

F ig u r e  17.— G ra p h ic  re p re s e n ta t io n  o f a n a ly s e s  o f w a te r  fro m  th e  Jo rd a n  
sa n d s to n e . O th e r w a te r - b e a r in g  u n its  a lso  open  to  w e lls  a r e  in d ica ted .
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th e  w a te r  in  th e  J o rd a n  s a n d s to n e  is  m uch  h ig h e r  in  th e  P o s tv ille  
P a c k in g  C o m p an y  w ell (96-6 -32L 1) th a n  in  th e  w ells a t  M onona 
(9 5 -5 -1 1 K 1 ), F a r m e r s b u r g  (9 4 -4 -1 8 F 1 ), E lk a d e r  (9 3 -5 -2 3 E 1 ), 
a n d  th e  C lay to n  C o u n ty  H om e (93 -4 -7A 1) ( ta b le  6 ) .  N o d a ta  is  
a v a ila b le  to  in d ic a te  w h e th e r  s u b s u rfa c e  in flow  e n te r s  th e  co u n ty  
f ro m  th e  w e s t  o r  so u th . A t  le a s t  one co m p o n en t o f  g ro u n d -w a te r  
m o v em en t is  to w a rd  th e  M iss iss ip p i R iv e r, b ecau se  th e  p re s s u re  
h ead  o f  w a te r  f ro m  th e  J o rd a n  sa n d s to n e  is  lo w er in  th e  w ells  a t  
G u tte n b e rg  (92-2 -17L 1) a n d  P ik e s  P e a k  S ta te  P a r k  (95 -3 -3 5 P 1 ) 
th a n  in  a n y  o f  th e  o th e r  w ells in  th e  co u n ty . C o n seq u en tly , a t  
le a s t  som e g ro u n d -w a te r  d is c h a rg e  f ro m  th e  J o rd a n  sa n d s to n e  is 
to  th e  e a s t  by  s u b s u rfa c e  ou tflow . In  a d d itio n , som e d isc h a rg e  is  
be lieved  to  o ccu r in  th e  o u tc ro p  a r e a  o f  th e  J o rd a n  S a n d s to n e  
a lo n g  B loody R u n  C reek  a n d  a lo n g  th e  M iss iss ip p i R iv e r.

O r d o v ic ia n  S y s t e m

B e e k v ia n to w n ia n  S e r ie s

P ra ir ie  du C hien F o rm ation

S t r a t i g r a p h y .  T h e  te r m  P r a i r ie  d u  C h ien  w a s  a p p lied  by  B a in  
(1906 , p. 18) to  d o lo m itic  a n d  s a n d y  bed s exposed  in  th e  v ic in ity  
o f  P r a i r ie  du  C hien , W is. T h is  fo rm a tio n  o v e rlie s  th e  J o rd a n
s a n d s to n e  a n d  u n d e rlie s  th e  S t. P e te r  sa n d s to n e . In  a sce n d in g  
o rd e r , i t  in c lu d es  th e  O n eo ta  do lom ite , th e  R o o t V alley  san d sto n e ,
a n d  th e  W illow  R iv e r  d o lo m ite  m em b ers .

T h e  O n eo ta  do lom ite  m em b e r w a s  d e sc rib ed  by  M cG ee (1891, 
p . 331-332) f ro m  e x p o su re s  a lo n g  th e  O n eo ta  R iv e r  in  A llam ak ee
C o u n ty , Io w a . I t  w as  d e sc rib ed  a s  a n  a re n a c e o u s  d o lo m ite  th a t  
f o r  th e  m o st p a r t  is c o a rse ly  s a c c h a ro id a l a n d  in  m a n y  p laces  is  
c a v e rn o u s  a n d  v e s ic u la r . A s seen  in  C lay to n  C o u n ty , th is  m em 
b e r  is  a  d ra b -g ra y  to  buff, c h e r ty  do lom ite , so m e w h a t san d y , a n d  
w ith  m an y  v u g g y  c a v itie s  a n d  p o re s  (p i. 6 A ) . T h e  m ax im u m  
th ic k n e s s  o f  th e  O n eo ta  d o lo m ite  m em b e r is  215 f e e t  in  w ells  in  
th is  c o u n ty ;  a p p ro x im a te ly  160 f e e t  is  exposed  in  a  q u a r r y  
(95-3-16M 1Q ) n e a r  M a rq u e tte , Io w a.

T h e  sa n d s to n e  b e tw een  th e  O n eo ta  a n d  W illow  R iv e r  do lo m ites  
a lo n g  th e  W illow  R iv e r  a t  N ew  R ich m o n d , W is., o r ig in a lly  w as 
n a m e d  N ew  R ich m o n d  b y  W o o ste r  (1882, p . 1 0 6 ,1 2 3 -1 2 9 ). H o w 
e v e r, th e  m em b e r w a s  ren a m ed  th e  R oo t V alley  s a n d s to n e  by  
S ta u ffe r  a n d  T h ie l (1941 , p . 6 1 ) ,  a n d  th a t  n a m e  w as  a d o p te d  by  
th e  Io w a  G eological S u rv e y . T h e  R o o t V alley  s a n d s to n e  m em b e r 
is  a  w h ite  to  l ig h t  b ro w n , f in e -g ra in e d  s a n d s to n e  th a t  p ro b a b ly
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P l a t e  6 .— A , E x p o s u r e  o f  t h e  O n e o t a  d o l o m i t e  m e m b e r  o f  t h e  P r a i r i e

:>i j  C h i e n  f o r m a t i o n  i n  a  q u a r r y  (95-3-16M 1Q ) n e a r  M a r q u e t t e , s h o w i n g

t h e  p o r o u s  c h a r a c t e r  o f  t h e  r o c k ;  B ,  E x p o s u r e o f  t h e  W i l l o w  R i v e r

d o l o m i t e  m e m b e r  o f  t h e  P r a i r i e  d u  C h i e n  f o r m a t i o n  i n a  r o a d  c u t

(9 5 -3 -9 A 1 E ) n o r t h w e s t  o f  M a r q u e t t e ,  s h o w i n g  t h e  t h i n - b e d d e d  u p p e r

p o r t i o n  o v e r l y i n g  t h e  r e e f l i k e  l o w e r  b e d s  o f  t h e  m e m b e r .
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g ra d e s  locally  in to  s a n d y  do lom ite . T h e  th ic k n e s s  o f th is  u n i t  is  
a s  m uch  a s  25 fe e t. In  d r ill  c u tt in g s  f ro m  th e  R o o t V alley  m em 
b e r, s a n d s to n e  is  in te rm ix e d  w ith  do lom ite . M o reo v er, becau se  
i t  is p o o rly  exposed  in  th e  co u n ty , th e  lith o lo g y  o f  th e  R o o t V alley  
is in co m p le te ly  k n o w n . In  th e  fe w  lo ca litie s  w h e re  th e  s a n d s to n e  
is exposed , th e  sa n d  resem b les  t h a t  o f  th e  J o rd a n  sa n d sto n e , b u t  
i t  is  so m e w h a t fin e r g ra in e d .

T h e  d o lo m ite  u n it  above th e  R o o t V alley  sa n d s to n e  m em b er 
a n d  below  th e  S t. P e te r  sa n d s to n e  w as  n am ed  S h ak o p ee  do lom ite  
by W in ch e ll (1874 , p. 138-147). W o o s te r  (1882, p . 1 0 6 ) , how 
ev er, a p p lied  th e  n am e  W illow  R iv e r  to  th e  u p p e r  do lo m ite  u n it  
o f  th e  P r a i r ie  du  C hien  th a t  c ro p p ed  o u t a lo n g  th e  W illow  R iv er,
W is., a n d  t h a t  n a m e  w a s  te n ta tiv e ly  a d o p te d  by  T ro w b rid g e  a n d  
A tw a te r  (1934 , p. 6 5 -7 3 ). P o w ers  (1935 , p . 171) p ro p o sed  th e  
n am e  W illow  R iv e r  do lo m ite  m em b er fo r  th e  u p p e r  d o lo m ite  o f 
th e  P r a i r ie  du  C hien  fo rm a tio n , a n d  th is  u sag e  is fo llow ed  by  th e  
Io w a  G eological S u rv ey . T h e  W illow  R iv e r  d o lo m ite  m em b e r is  
w ell exposed  in  a  ro ad  c u t (9 5 -3 -9 A 1 E ) n o r th w e s t  o f  M a rq u e tte , 
Iow a (p i. 6 B ) .  In  C lay ton  C oun ty , th is  m em b er is com posed  o f 
g r a y  to  buff, s a n d y  do lom ite  w ith  som e oo litic  a n d  tr ip o li t ic  c h e rt. 
A s show n  in  th e  logs o f  se lec ted  w ells in  th is  re p o r t ,  th e  th ic k n e ss  
o f  th e  W illow  R iv e r  d o lo m ite  m em b er is  a s  m u ch  a s  95 fee t.

W a t e r  S u p p l y .  T h e  P r a i r ie  du  C hien  fo rm a tio n  does n o t y ield  
la rg e  su p p lie s  o f  w a te r  to  w ells in  th is  a re a . T h o se  w ells  th a t  a r e  
d r ille d  to  th e  S t. P e te r  s a n d s to n e  a re  g e n e ra lly  com ple ted  in  th e  
W illow  R iv e r  do lom ite  m em b er, w h e re  som e w a te r  m ay  com e 
in to  th e  w ells a lo n g  f ra c tu re s ,  b u t  th is  w a te r  is  p ro b ab ly  d e riv ed  
f ro m  th e  S t. P e te r  s a n d sto n e . W ells  fin ished  in  th e  J o rd a n  s a n d 
s to n e  a re  u su a lly  le f t  u n cased  th ro u g h  th e  P r a i r ie  du  C h ien  f o r 
m a tio n , a n d  som e w a te r  could  com e f ro m  th is  zone. T h e  E lk a d e r  
c ity  w ell 3 in te rc e p te d  a  la rg e  f issu re  in  th e  lo w er P r a i r ie  du 
C h ien  fo rm a tio n  an d  o b ta in s  som e w a te r  f ro m  th is  fo rm a tio n  a s  
w ell a s  th e  J o rd a n  san d sto n e .

C h a z y a n  S e r i e s

S t. I’e te r  S andstone

S t r a t i g r a p h y .  T h e  S t. P e te r  s a n d s to n e  w as  n am ed  f o r  ex 
p o su re s  a lo n g  th e  M in n eso ta  R iv e r  ( fo rm e r ly  S t. P e te r s  R iv e r)  
in  s o u th e rn  M in n eso ta  by O w en (1847, p. 169-170) a n d  h a s  been 
recogn ized  w id e ly  s in ce  t h a t  tim e . In  C lay to n  C o u n ty , i t  un - 
co n fo rm ab ly  o v erlies  th e  P r a i r ie  du  C h ien  fo rm a tio n  a n d  is  o v er- 
la in  by  th e  G lenw ood sh a le  m em b e r o f th e  P la tte v il le  lim esto n e
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(Trowbridge, 1917, p. 177-182). Although the St. Peter sand
stone is very uniform over wide areas in the upper Mississippi 
River basin, variations due to exposure and weathering of the 
iron-bearing minerals characterize the formation in Clayton 
County. In this county is is composed of medium- to fine-grained, 
pure white to buff-colored sandstone made up of frosted and well- 
rounded, well-sorted grains of quartz. Locally, as at Pikes Peak 
State Park near McGregor, the formation is prominently iron- 
stained and strongly cemented by iron oxides. Some of the iron 
stains are a vivid red. Northwest of Marquette, Iowa, in a road- 
cut (95-3-9A1E) the same type of iron-stained sand is inter- 
bedded with shale which yields conodonts that are typical of 
Lower Ordovician rocks. These conodonts may indicate that the 
St. Peter sandstone is more closely associated with the Prairie 
du Chien formation than was previously believed.

The St. Peter sandstone is exposed along the Mississippi River 
north from Guttenberg and along Sny Magill and Bloody Run 
Creeks (plate 1). Probably the best of the exposures are near 
McGregor (95-3-29J1E and 95-3-34A1Q). Additional exposures 
are described in tables 7 and 8. As seen in the sand mine (93-2- 
7G1Q) three-fourths of a mile south of Clayton on the Mississippi 
River, the St. Peter sandstone contains not only considerable clay 
material that binds the sand grains, but also thin lenses of lami
nated, dolomitic shale that occur near the base of the formation. 
The shale lenses appear to be localized in occurrence, because 
they were encountered in only a few of the wells in the county.

Because the St. Peter sandstone lies unconformably upon the 
Prairie du Chien formation, its thickness differs greatly from 
place to place in Clayton County. The m a x i m u m  known thick
ness is 112 feet, which was recorded in the drilling of the Clayton 
County H o m e  well (93-4-7A1) ; the minimum known thickness is 
30 feet, which was recorded in the drilling of Elkader city well 
3 (93-5-23E1). The St. Peter sandstone underlies all the county 
except the few square miles in the northeastern part where it has 
been removed by erosion. The configuration and altitude of the 
top of the formation is shown in figure 18.

Water supply. The St. Peter sandstone is the principal aquifer 
for farm wells in those lowland areas where the deeply dissected 
valley systems of the Turkey and Volga Rivers have drained the 
overlying aquifers, and in the dissected upland areas near the 
headwaters of the creeks that drain directly into the Mississippi 
River. Although the St. Peter sandstone yields enough water for
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domestic and stock requirements, only locally does it yield enough 
water for municipal or industrial requirements. The towns of St. 
Olaf and Garnavillo and the creameries at Millville and St. Olaf 
p u mp  relatively large amounts of water without excessive draw
down from wells that tap the St. Peter sandstone. The towns of 
Farmersburg, Monona, Elkader, Guttenberg, and Edgewood and 
the Clayton County H o m e  had to continue drilling to the Jordan 
sandstone, because the St. Peter sandstone did not yield enough 
water for municipal requirements. The low yields throughout 
most of the county is an indication of the formation’s low trans- 
missibility, which is attributed to interstitial clay minerals and 
localized lenses of shale that occur in the formation and to the 
great difference in its thickness.

Figure 19 is a piezometric m a p  of the St. Peter sandstone, 
prepared from water-level data that were obtained when wells 
were drilled into or through the St. Peter sandstone. The map, 
therefore, depicts the general configuration and approximate 
altitude of the pressure-surface before artificial discharge was 
initiated. However, the configuration of the pressure-surface at
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the present time is presumably not greatly different, because only 
small quantities of water are withdrawn from the aquifer so that 
cones of depression are not extensively developed, and because 
seasonal fluctuations of the pressure-surface are very slight as 
indicated by the following water level measurements in well 
95-4-22L1 (depth to water in feet below land surface).

The contour lines on the piezometric m a p  (fig. 19) indicate not 
only the approximate altitude to which water will rise in wells 
drilled into the St. Peter sandstone, but also the direction of 
ground-water movement within the aquifer. Water in the 
aquifer moves at right angles to the contour lines and from 
areas of high head toward areas of low head. The m a p  shows 
that recharge to the St. Peter sandstone occurs by (1) subsurface 
inflow from the north and south, and (2) by seepage from the 
Galena dolomite in the east central part of the county, where 
the hydrostatic head of the Galena dolomite is higher than that 
of the St. Peter sandstone.

Discharge from the aquifer is partly toward the Mississippi 
River and partly toward the west and southwest. The discharge 
toward the Mississippi River occurs (1) within the outcrop areas 
of the St. Peter sandstone by direct seepage into Bloody Run 
Creek, Sny Magill Creek, and the Mississippi River in the Gutten- 
berg area, and (2) in the lower Turkey River Valley by indirect 
seepage up through the Platteville limestone and Decorah shale. 
Some water is discharged by subsurface outflow to the west and 
southwest, as indicated by the ground-water divide at Elkport. 
Additional evidence comes from water-level measurements in

1957 1958 1959
Date Water level Date Water level Date Water level
10-4 24.45 1-30 24.85 1-12 25.20
11-25 24.43 3-4 24.87 5-26 24.66
12-27 24.30 3-31 25.01 7-16 23.45

5-2 24.25 9-3 23.79
5-21 24.58 12-9 24.00
6-11 24.75
7-16 24.84
8-12 25.32
9-12 24.90
10-10 25.10
11-7 24.98
12-12 24.98
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w ells  d rilled  to  th e  S t. P e te r  s a n d s to n e  in  th e  c o u n tie s  to  th e  w e s t 
a n d  so u th w e s t, w h ich  in d ic a te  th a t  th e  reg io n a l p iez o m e tric  s u r 
fac e  o f  th e  S t. P e te r  s a n d s to n e  s lopes in  a  g e n e ra lly  w e s t-so u th - 
w e s t d ire c tio n .

A n a ly ses  o f  w a te r  f ro m  th e  S t. P e te r  s a n d s to n e  a r e  g iv en  in  
tab le  4, som e o f th e se  a n a ly se s  a re  g ra p h ic a lly  i l lu s tr a te d  in  fig
u re  20. T e m p e ra tu re  d a ta  o f  w a te r  f ro m  th e  S t. P e te r  sa n d s to n e  
a re  g iv en  in  ta b le  4c. T h e  d iffe ren ces  in  th e  ch em ica l q u a li ty  o f  
w a te r  f ro m  th e  S t. P e te r  s a n d s to n e  a r e  a t t r ib u te d  to  m ix in g  o f  
w a te r  f ro m  th e  S t. P e te r  w ith  w a te r  f ro m  o v e rly in g  fo rm a tio n s .

M o h a w c i a n  S c r i e s
P la ttev ille  L im estone

S t r a t i g r a p h y .  T h e  P la tte v il le  lim esto n e , a s  o r ig in a lly  de
sc rib e d  by B a in  (1905 , p. 1 8 ) , inc luded  th e  D eco rah  sh a le  b u t  
l a te r  w as  s e p a ra te d  f ro m  i t  becau se  o f d iffe ren ces  in th e  fa u n a s . 
T h e  fo rm a tio n  co n s is ts  o f  fo u r  m em b e rs  w h ich , in  a sc e n d in g  
o rd e r , a r e  th e  G lenw ood sh a le , P e c a to n ica  do lom ite , M c G reg o r

F ig u re  19.— M ap of C layton C ounty show ing  th e  genera l configuration  and 
a ltitu d e  of th e  p ressu re  su rface  of w a te r  in the S t. P e te r  sandstone. The 
p ressu re  su rfa ce  shown is based on o rig ina l s ta tic  w a te r  levels in  w ells 
drilled  in to  o r th ro u g h  th e  S t. P e te r  sandstone (see tab le  (!) and , th e re fo re , 

rep resen ts  a  resto red  p ressu re  su rface .
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m em ber, a n d  th e  S p eeh ts  F e r r y  m em b er (K ay , 1935b, p . 286- 
2 8 7 ) . T h e  Q u im bys M ill m em b er (A g n e w  an d  H eyl, 1946, p. 
1 585-1587), w h ich  o ccu rs  b e tw een  th e  M cG reg o r a n d  S p eeh ts  
F e r r y  m em b ers, h a s  been reco g n ized  in W isco n sin . In C lay ton  
C ou n ty , h ow ever, th e  Q u im bys M ill m em b er is la ck in g  (p e rso n a! 
co m m u n ica tio n  fro m  A. F . A gnew , O c to b er 13, 1951).

T h e  G lem vood (C alv in  1906b, p. 60-61) is  a  th in  g re e n  sh a le  
w hich  o v erlie s  th e  S t. P e te r  sa n d s to n e . T h e  th ic k n e ss  o f  th is  
m em b er ra n g e s  fro m  0-25 fe e t in C lay to n  C ou n ty . A lth o u g h  the  
u n i t  c ro p s  o u t on ly  in a  few  p laces, it is w ell exposed  a t  th e  S t. 
P e te r  m in e  (93-2-7G 1Q ) so u th  o f C lay to n , Iow a, w h e re  i t  is  only 
3 fe e t  th ic k  ( ta b le  7 ) ,  a n d  in  a s tre a m  cu t w e st o f M cG reg o r 
(95-3-29.1 I F ) ,  w h e re  it is on ly  5 fe e t th ic k  ( ta b le  8 ) .

T h e  P eca to n ic a  do lom ite  m em b er (H e rsh e y , 1894, p. 175) con
s is ts  o f g ra y ish -b ro w n , m o ttled , m ass iv e ly  bedded  dolom ite , 
w h ich  c o n ta in s  p h o sp h a tic  p e lle ts  in th e  lo w er p a r t .  I t  d iffe rs

F ig u r e  20.— G rap h ic  r e p re s e n ta t io n  o f  ch em ica l a n a ly s e s  o f  w a te r  fro m  th e  
S t. P e te r  sa n d s to n e . O th e r  w a te r - b e a r in g  u n its  a lso  open  to  w e lls  a lso

in d ic a te d .
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markedly from the overlying thin-bedded McGregor member 
(pi. 7). The thickness ranges from 0 to 16 feet in Clayton 
County; where exposed in m a n y  quarries and road cuts (tables 
7 and 8), the thickness ranges from 12 to 16 feet.

The name McGregor was applied by Ka y  (1935b, p. 286-287) 
to beds exposed in a stream cut (95-3-29J1E) about 1.5 miles 
west of McGregor, Iowa. Characteristically the McGregor m e m 
ber is a thin-bedded limestone, which commonly contains shaly 
partings and numerous well-preserved fossils. The thickness of 
this me m b e r  is greater than that of the Pecatonia, ranging from 
0 to 35 feet. The character of this m e m b e r  is well illustrated at 
a number of quarries and exposures.

Ka y  (1928, p. 16) originally defined the Spechts Ferry mem b e r  
as the basal me m b e r  of the Decorah shale but later, because of 
the faunal relationships, he (1931, p. 370) redefined it as the top 
me m b e r  of the Platteville limestone. This m e m b e r  consists of 
interbedded gray to green shale and very fossiliferous dolomite. 
The thickness in Clayton County ranges from 0 to 18 feet. This 
mem b e r  is not well exposed generally, but good exposures occur 
at a stream cut (95-3-29J1E), a road cut (95-3-34G1E), and a 
quarry (92-2-20G1Q), where the Spechts Ferry m e m b e r  is 9 feet, 
5 feet, and 7 feet thick, respectively. Plate 7 shows the unit and 
its contacts with the overlying and underlying units. A  special

Plate 7.— Exposure of the Guttenberg limestone member of the 
Decorah shale (A) and of the Spechts Ferry (B), M cGregor (C), and 
Pf.catonica dolomite (D) members of the Platteville limestone in a 
quARRY (92-2-20G1Q) south of G uttenberg.
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f e a tu re  o f  th is  m em b e r is  a  p e r s is te n t  th in  la y e r  o f  w h ite , c lay  
m e ta b e n to n ite  w ith in  a b o u t a  fo o t o f  th e  b ase .

W a t e r  s u p p ly .  T h e  P la tte v il le  lim esto n e  y ie ld s  l it tle  w a te r  to  
w ells  in  C lay to n  C o u n ty . G en e ra lly  i t  is  cased  off in  deep  w ells  
to  p r e v e n t  c a v in g  o f  th e  sh a le  in to  th e  w ell. A fe w  s p r in g s  flow 
f ro m  th e  M cG reg o r a n d  th e  P e c a to n ic a  do lom ite  m em b ers , b u t  
th e i r  flow is  sm all.

Decorah Shale
S t r a t i g r a p h y .  T h e  D eco rah  sh a le  w a s  n am ed  b y  C a lv in  (1906b , 

p . 60-61, 84-87) f o r  e x p o su re s  w ith in  th e  c ity  o f  D eco rah , Iow a,
a n d  c o n s is ts  o f  tw o  m e m b e rs :  th e  G u tte n b e rg  lim esto n e , o r  
“ o ilro ck ” , a n d  th e  o v e rly in g  Io n  (K ay , 1928, p . 1 6 ) .

T h e  G u tte n b e rg  lim es to n e  m em b er, th e  ty p e  se c tio n  o f  w h ich  is 
a t  G u tte n b e rg , Io w a , c o n s is ts  m a in ly  o f  d is tin c tiv e  th in -b ed d ed , 
g r a y  to  b ro w n , d en se  lim esto n e  a n d  do lom ite , w ith  som e im bedded  
do lo m ite  g r a in s  a n d  th in  re d d ish -b ro w n  sh a le  p a r t in g s  (p i. 7 ) .  
I t s  th ic k n e s s  ra n g e s  f ro m  0 to  27  f e e t  a c ro ss  th e  co u n ty .

T h e  Ion  m em b e r c o n s is ts  o f  v e ry  fo ss ilife ro u s , in te rb ed d e d  
g re e n is h -g ra y  c a lca reo u s  sh a le  a n d  lim esto n e  h a v in g  a  th ic k n e ss  
o f  f ro m  0 to  23 fe e t. I t  is  w ell exposed  so u th  o f  G u tte n b e rg  a lo n g
U . S . H ig h w a y  52 a t  a  ro ad  c u t (92 -2 -3 3 D 1 E ) a n d  a t  a  q u a r r y  
s o u th w e s t  o f  G u tte n b e rg  (9 2 -2 -1 9 R 1 Q ). T h e  G u tte n b e rg  lim e
s to n e  m em b e r is exposed  in  th e  sam e  ro ad  c u t  a n d  in  s tr e a m  a n d  
ro a d  c u ts  (9 5 -3 -2 9 J1 E ) a n d  (9 5 -3 -3 4 G 1 E ), a s  w ell a s  q u a r r y  
(92 -2 -20G 1Q ).

P r a s o p o r a  s i m u la t r ix ,  a  g u m d ro p -sh ap e d  b ry o zo an  o ccu rs  
c h a ra c te r is t ic a lly  n e a r  th e  to p  o f  th e  D eco rah  sh a le , a n d  th e  
b rac h io p o d s  A l y p t o r t h i s  b e l la m g o s a  a n d  “D a lm a n e l la "  r o g a ta  
a r e  a b u n d a n t  in  th e  m id d le  a n d  lo w er p a r t s  o f  th e  fo rm a tio n .

W a t e r  s u p p ly .  T h e  D eco rah  sha le , like  th e  P la tte v ille  lim e
s to n e , y ie ld s  l i t t le  w a te r  in  C lay to n  C o u n ty . I t  is  cased  off in  
m o st deep  w ells to  p re v e n t  th e  sh a le  a n d  th in  lim esto n e  la y e rs  
f ro m  c av in g .

Galena Dolomite

S t r a t i g r a p h y .  T h e  G a len a  do lo m ite  w as  n a m e d  b y  H a ll (1851, 
p . 146-148) a n d  in  i ts  ty p e  sec tio n  a t  G a len a , 111., in c lu d es  250
to  300 f e e t  o f  d o lo m ite  a n d  lim esto n e . T h is  fo rm a tio n  co n sis ts , 
in  a sc e n d in g  o rd e r , o f  th e  P ro s s e r  lim esto n e , S te w a r tv il le  dolo
m ite , a n d  D u b u q u e  d o lo m ite  m em b ers . In  M in n eso ta , on ly  th e  
P ro s s e r  lim esto n e  a n d  S te w a rtv ille  do lom ite  m em b e rs  a r e  in 
c lu d ed  in  th e  G a len a  do lom ite  ; th e  u p p e r  m em b er, th e  D u b u q u e
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dolomite, is included with the overlying beds of the Maquoketa 
shale (Stauffer and Thiel, 1941, p. 90).

In Clayton County, the Prosser limestone member (Ulrich, 
1911, p. 368-369) is composed of a hard, compact dolomite, with 
limestone beds near the base and considerable chert throughout 
the member. The lower part of the Prosser is especially cherty 
and also contains the lower Receptaculites zone. The m a x i m u m  
thickness of this member in Clayton County is 132 feet, as indi
cated by well records and exposures.

The Stewartville dolomite member was defined by Ulrich 
(1911, p. 368-369) and has a m a x i m u m  thickness of 77 feet in 
Clayton County. In surface exposures it is characterized by the 
weathered, pitted, thickly bedded, porous, brown dolomite, and 
by the occurrence of the upper Receptaculites zone at its base.

In subsurface work, however, the Stewartville dolomite m e m 
ber is difficult to distinguish from the underlying Prosser m e m 
ber, because the dolomite cuttings appear similar and the upper 
Receptaculites zone is rarely noted in drill cuttings. Thus, in 
subsurface work, the contact between the two members is arbi
trarily placed at the transition from non-cherty to cherty dolo
mite, although this transition occurs within the Prosser limestone 
member (as defined in surface work). Hence, if the members 
were redefined so that the contact could be established at the 
transition from non-cherty to cherty dolomite, the surface and 
subsurface work would be more conformable.

The Dubuque dolomite member (Sardeson, 1907, p. 193) as 
redefined by Kay (1935a, p. 563) has a m a x i m u m  thickness of 
50 feet in Clayton County; it consists of thin-bedded dolomite 
and limestone, interbedded with thin, brown shale. The Dubuque 
can be distinguished from the underlying Stewartville by the dif
ferences in their lithology (pi. 8 A  and B) and by the presence 
in the Dubuque of Lingula iowensis Owen.

Water supply. As in most carbonate rock, the yield of water 
from the Galena dolomite is dependent on the fractures and solu
tion cavities that are present. This is a variable factor, but ap
parently the fracture systems in the Galena are better developed 
in the areas where the Galena is exposed or under a thin cover of 
the Maquoketa shale. In the southern part of the county, where 
the Galena dolomite is overlain by the Maquoketa shale and 
Silurian dolomite, the formation is very tight and will yield only 
small quantities of water; whereas in the northern part of the 
county, particularly at Luana, it is possible to draw rather large
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P l a t e  8.— A ,  E x p o s u r e  o k  t h e  D up.u q u e  d o l o m i t e  m e m i i k r  o f  t h e  G a l e n a  
DOLOMITE IN A ROAD CUT (93-5-12K1E) ON STATE H I G H W A Y  13 NORTH OF
E l KADER, SHOWING T H E  THIN HKDS OF DOLOMITE WITH SHALE PARTINGS 
W H I C H  ARE CHARACTERISTIC OF THIS MEMBER; B , EXPOSURE OF THE STF.WART- 
VILLE DOLOMITE M E M B E R  IN A QUARRY (93-5-12K2Q) NORTH OF ELKADER,

SHOWING T H E  MASSIVE CHARACTER OF THIS MEMBER.
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su p p lie s  f ro m  th is  fo rm a tio n  w ith o u t ex cessiv e  d ra w d o w n s . T h e  
G a len a  d o lo m ite  is th e  p r in c ip a l a q u if e r  f o r  d o m estic  a n d  s to ck  
su p p lie s  in  th e  u p lan d  a re a s  n o r th  o f  th e  T u rk e y  R iv e r. I t  is  a n  
im p o r ta n t  a q u ife r  a lso  in  th e  u p p e r  re a c h e s  o f  th e  T u rk e y  a n d  
V o lga  v a lley s , p a r t ic u la r ly  in  th e  a r e a  s u r ro u n d in g  th e  to w n  o f 
V o lga  ( ta b le  6 ) .  A lso , n u m ero u s  s p r in g s  flow f ro m  th is  fo rm a 
tio n . T h e  la rg e s t  s p r in g  in  th e  co u n ty , B ig  S p r in g  (9 4 -5 -3 1 R 1 S ), 
d isc h a rg e s  f ro m  th e  G a len a  do lom ite .

F ig u re  21 is a  m a p  o f th e  g e n e ra liz e d  p iez o m e tr ic  s u rfa c e  o f  
th e  G alen a  do lom ite  b ased  on w a te r- lev e l m e a su re m e n ts  m ad e  
w h en  w ells w e re  d r ille d  in to  o r  th ro u g h  th e  G a len a  dolom ite . 
T h e  co n fig u ra tio n  o f  th e  p iez o m e tric  s u rfa c e , u n lik e  t h a t  o f  th e  
S t. P e te r  sa n d sto n e , is  s u b je c t  to  seaso n a l ch a n g es  o w in g  to  se a 
so n a l v a r ia t io n s  in  local p re c ip ita tio n . T h e  d e c re a s in g  r a te  o f  
flow f ro m  s p r in g s  in th e  G alen a  d o lo m ite  d u r in g  d ry  p e rio d s  is  
a n  in d ic a tio n  th a t  th e  p iezo m etric  s u rfa c e  is  d e c lin in g  in  th e  
re c h a rg e  a re a s , w h e re a s  th e  in c re a s in g  r a te  o f  flow d u r in g  w e t

F ig u re  21.— M ap of C layton C ounty show ing  th e  genera l configuration  and  
a ltitu d e  of th e  p re ssu re  su rfa ce  of w a te r  in  th e  Gulenn dolom ite. The p re s 
su re  su rface  show n is based on o rig ina l s ta tic  w a te r  levels in w ells drilled 
in to  o r th ro u g h  th e  G alena dolom ite (see tab le  6) and , th e re fo re , rep rese n ts  

a  resto red  p ressu re  su rface .
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p e rio d s  d en o te s  a  r is in g  p iez o m e tr ic  su rfa c e . H o w ev er, b ecau se  
re c h a rg e  b y  d ire c t  in f i lt ra t io n  o f  p re c ip ita tio n  o ccu rs  on ly  on 
th e  in te i 's tre a m  u p lan d  b e tw een  S n y  M agill C reek  a n d  T u rk e y  
R iv e r, a n y  m a jo r  f lu c tu a tio n s  o f  h y d ro s ta tic  p re s s u re s  in  th e  
a q u ife r  is  r e s t r ic te d  to  th is  a re a .  T h e  p iez o m e tr ic  m ap  o f th e  
a q u ife r  in  g e n e ra l, th e re fo re , is  co n sid e red  to  c losely  a p p ro x i
m a te  th e  a c tu a l h y d ro s ta tic  p re s s u re s  in  th e  a q u ife r , a n d  th e  con
to u r  lin es  in d ic a te  th e  a p p ro x im a te  a l t i tu d e  to  w h ich  w a te r  w ill 
r is e  in  w ells  d r ille d  in to  th e  G a len a  dolom ite .

R e c h a rg e  to  th e  a q u ife r  in  C lay to n  C o u n ty  is p a r t ly  by  su b 
s u rfa c e  inflow  f ro m  th e  n o r th  a n d  so u th , p a r t ly  by  d ire c t  in f i l t ra 
tio n  o f  p re c ip ita tio n  in  th e  in te r s t r e a m  o u tc ro p  a re a s , an d  p a r t ly  
by  seep ag e  f ro m  o v e rly in g  fo rm a tio n s  in  th e  in te r s t r e a m  a re a s  
(fig . 2 1 ) .  M uch o f  th e  re c h a rg e  in  th e  in te r s t r e a m  a re a  b e tw een  
S n y  M ag ill C reek  a n d  T u rk e y  R iv e r  is a id ed  by  th e  n u m ero u s  
s in k h o le s  in  th e  a re a .

N a tu ra l  d is c h a rg e  f ro m  th e  a q u ife r  in  th e  co u n ty  is  to w a rd  th e  
M iss iss ip p i R iv e r, p a r t ly  by s p r in g s  a n d  p a r t ly  by  d ire c t  seep ag e  
in to  th e  T u rk e y  a n d  V o lga  R iv e rs  a n d  o th e r  sm a lle r  s tre a m s  th a t  
flow in to  th e  M iss iss ip p i R iv e r. A p p ro x im a te ly  %  o f th e  e s ti 
m a te d  11 m gd  to ta l  s p r in g  flow in  th e  co u n ty  d u r in g  p e rio d s  o f  
a v e ra g e  p re c ip ita tio n  is  d isc h a rg e d  b y  th e  s p r in g s  in  th e  G a len a  
do lom ite . T h e  a m o u n t o f  d isc h a rg e  by seep ag e  is  n o t a c c u ra te ly  
k n o w n , b u t  th e  w a te r  d isc h a rg e d  b y  seep ag e  a n d  m o st o f  th e  
s p r in g s  p ro v id e s  th e  m a jo r  c o n tr ib u tio n  to  th e  b a se  flow o f th e  
T u rk e y  a n d  V olga  R iv e rs  (see  sec tio n  on g ro u n d -w a te r  d is 
c h a rg e )  .

T h e  s a n i ta ry  q u a lity  o f  w a te r  f ro m  th e  G a len a  d o lo m ite  is  
q u ite  p o o r in  m a n y  p laces, b ecau se  o f  th e  r a p id  in f i lt ra t io n  o f  con
ta m in a te d  s u rfa c e  w a te r  in to  s in k h o le s  a n d  th e  r a p id  flow o f th is  
w a te r  th ro u g h  la rg e  so lu tio n  ch an n e ls . T h e  chem ica l q u a lity  o f 
w a te r  is  sh o w n  in  fig u re  22. T h e  d isso lved  so lid s c o n te n t a n d  
h a rd n e s s  o f  th e  w a te r  a r e  sh o w n  in  ta b le  4 a  a n d  4b ; te m p e ra tu re  
d a ta  a r e  show n  in  ta b le  4c.

C in c in n a t ia n  S c r i e s

M aquoketa  Shale

S t r a t i g r a p h y .  T h e  M aq u o k e ta  sh a le  w as  n am ed  f ro m  ex 
p o su re s  o f  sh a le  a lo n g  th e  L i tt le  M aq u o k eta  R iv e r  in  D ub u q u e  
C o u n ty , Io w a  (W h ite , 1870, p . 18 0 -1 8 2 ). In  C lay to n  C o u n ty  i t  
co m p rise s  fo u r  m em b ers , th e  E lg in  lim esto n e , C le rm o n t sha le , F t .  
A tk in so n  do lom ite , a n d  th e  B ra in a rd  sh a le , in  a sce n d in g  o rd e r .
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These members were all named by Calvin (1906b, p. 60, 98) and 
redescribed in detail by Ladd (1929, p. 309-440).

The Elgin limestone me m b e r  in Clayton County consists of 
clayey gray to buff dolomite and shale. It is slightly darker and 
more clayey to the south and it contains chert to the north. 
Where not eroded, the m i n i m u m  observed thickness of the Elgin 
is 38 l'eet, which was measured in a stream cut (91-4-14E1E) 
south of Garber; whereas in a well at Postville the thickness is 
110 feet. The Elgin thins toward the south and east.
The Clermont shale member consists of bluish-green shale 

throughout Clayton County. Although its thickness ranges from 
0 to 40 feet, it is about 14-feet thick in the few exposures seen in 
the county. A n  excellent exposure can be seen northwest of 
Guilder (94-6-4C1E), and another in the stream cut previously 
mentioned for the Elgin limestone m e m b e r  (91-4-1-1E 1 E ) .

Where identified in wells in the county the Ft. Atkinson dolo
mite member consists of 20 to 40 feet of cherty dolomite. Some

Figure 22.— Graphic representation of chemical analyses of water from the
Galena dolomite.
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good e x p o su re s  o f  th is  u n i t  c a n  b e  seen  a t  th e  sam e  lo ca litie s  t h a t  
w e re  c ite d  f o r  th e  C le rm o n t sh a le  m em b er.

T h e  B ra in a rd  sh a le  m em b er is  p o o rly  exposed  in  C lay to n  
C o u n ty  becau se  i t  e ro d e s  so easily . T h e  on ly  lo ca tio n  w h e re  th is  
m em b e r is  co m p le te ly  exposed  is  in  th e  s tr e a m  c u t  so u th  o f  G a r 
b e r  (9 1 -4 -1 4 E 1 E ) . T h ic k n esse s  o f  100 to  126 f e e t  h av e  been  
rec o rd e d  in  th e  d r il l in g  o f w ells. T h e  m em b e r c o n s is ts  o f  g ra y is h -  
g re e n  b locky  sh a le .

W a t e r  s u p p ly .  S e v e ra l w ells  in  th e  n o r th w e s te rn  p a r t  o f  th e  
C o u n ty  ta p  th e  M aq u o k e ta  sh a le , a n d  som e sp r in g s  flow f ro m  
th e  m id d le  o r  u p p e r  m em b ers . O rd in a r i ly  th e  fo rm a tio n  is  u su 
a lly  ca sed  off in  deep  w ells.

S i l u r i a n  S y s t e m

A le x a n d r ia n  S e r ie s

Edgew ood L im estone

S t r a t i g r a p h y .  S av ag e  (1909 , p . 517-518) d e s ig n a te d  th e  lim e
s to n e  bed s o f  S ilu r ia n  ag e  a t  E d g ew ood , P ik e  C o u n ty , M o., a s  th e  
E dgew ood  lim esto n e . E q u iv a le n t  bed s in  Io w a , co n sid e red  to  
r e p re s e n t  a  d if fe re n t d e p o s itio n a l b a s in , w e re  n a m e d  th e  W in s to n  
lim esto n e  (S a v ag e , 1914, p . 3 4 -3 7 ), b u t  su b seq u e n tly  th is  te rm  
w as  ab a n d o n ed  (S a v ag e , 19 2 6 ; Scobey, 1 9 3 5 ).

In  C lay to n  C o u n ty , th e  E dgew ood  lim es to n e  is  com posed  o f  
yellow  to  g ra y , sa n d y , th in -b e d d e d  d o lo m ite  w ith  s c a t te re d  n o d 
u les  o f  c h e r t .  T h e  th ic k n e s s  v a r ie s  w id e ly , b eco m in g  th ic k e r  a s  
th e  u n d e rly in g  B ra in a rd  sh a le  m em b e r o f  th e  M aq u o k e ta  sh a le  
th in s . In  C lay to n  C o u n ty , th e  th ic k n e s s  o f  th e  fo rm a tio n  r a n g e s  
f ro m  0 to  35 fe e t. T h e  E d g ew o o d  a n d  y o u n g e r  S ilu r ia n  fo rm a 
tio n s  u n d e rlie  o n ly  th e  s o u th e rn  a n d  w e s t-c e n tra l  p a r t s  o f  th e  
co u n ty .

W a t e r  S u p p ly .  B ecau se  th e  u n d e rly in g  im p e rm eab le  B ra in a rd  
sh a le  m em b e r p re v e n ts  d o w n w a rd  m o v em en t o f  w a te r , th e  b ase  
o f  th e  E dgew ood  lim esto n e  is  m a rk e d  by  co u n tle ss  s p r in g s  an d
seeps. A lth o u g h  n e a r ly  a ll th e  w ells  ta p p in g  th e  S ilu r ia n  ro ck s  
in  th is  co u n ty  w e re  d r ille d  to  th e  e a s ily  reco g n ized  to p  o f  th e  M a
q u o k e ta  sh a le , l i t t le  w a te r  seem s to  be  o b ta in e d  f ro m  th e  E d g e - 
w ood lim esto n e  e x c e p t f ro m  occasio n al crev ices.

K ankakee L im estone

S t r a t i g r a p h y .  T h e  K a n k a k e e  lim es to n e  w as  n am ed  b y  S a v a g e  
(1916 , p . 305-324) to  in c lu d e  th e  u p p e r  p a r t  o f  th e  A le x a n d ria n  
s e r ie s  in  I llin o is  a n d  M isso u ri. E q u iv a le n t  b ed s  in  Io w a  w e re
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first termed the W a u c o m a  limestone (Savage, 1914, p. 35-36), 
but later assigned to the Kankakee (Savage, 1926; Scobe.v, 1935).

The Kankakee limestone in Clayton County is composed of 
yellow to buff dolomite interbedded with bands of chert. The 
chert, which comprises 20 to 40 percent of the formation, occurs 
in thin, irregular layers that gives the formation a characteristic 
banded appearance (pi. 9). The top of the Kankakee limestone is 
defined as the uppermost definite chert layer that occurs in the 
dolomite section. Thus, in surface work, the contact between the 
Kankakee limestone and the overlying Ilopkinton dolomite is pre
cisely located, although the base of the Hopkinton contains scat
tered, nodular chert. In subsurface work, however, the layered 
chert in the Kankakee limestone cannot be distinguished from

the nodular chert in the Hopkinton dolomite; therefore, the con
tact between the two formations is impossible to establish with 
any degree of accuracy. Thus, the thickness assigned to the 
Kankakee limestone on the basis of subsurface work is open to 
considerable doubt. The m a x i m u m  thickness measured in surface 
exposures is 31 feet (table 7), but nowhere was a complete sec
tion with both upper and lower stratigraphic boundaries ob
served. The m a x i m u m  thickness based on subsurface work is 
140 feet (see table of logs). Thus, the actual thickness of the 
formation is greater than 31 feet and probably considerably less 
than 140 feet. Obviously, wherever the Kankakee limestone is

P l a t e  9.— E x p o s u r e  o f  t h e  K a n k a k e e  l i m e s t o n e  i n a  q u a r r y (93-G-
3GP1Q)) NORTHEAST OF VOLGA, SHOWING T H E  THIN-BEDDED A N D  NODULAR

WHITE CHERT T H A T  IS CHARACTERISTIC OF THIS FORMATION.



9 1O F  C L A Y T O N  C O U N T Y ,  I O W A

ass ig n e d  too  g r e a t  a  th ic k n e ss , th e  o v e rly in g  H o p k in to n  do lom ite  
w ill be c o n c o m ita n tly  th in n e r . H o w ev er, th e  m ax im u m  to ta l  
th ic k n e ss  o f  b o th  u n its  is a b o u t 190 f e e t  ( ta b le  2 ) .

W a t e r  s u p p p l y .  T h e  K a n k a k e e  lim esto n e  is  n o t  a  v e ry  p ro 
d u c tiv e  a q u ife r  in  C lay to n  C o u n ty . B ecau se  i t  is  n o t cased  off in  
a n y  o f  th e  w ells  th a t  p e n e tr a te  th e  co m p le te  S ilu r ia n  sec tio n , 
som e w a te r  f ro m  th is  fo rm a tio n  m ay  e n te r  w ells. H o w ev er, th e  
m ain  so u rces  o f  w a te r  seem s to  be  th e  o v e rly in g  H o p k in to n  dolo
m ite .

T h e  K a n k a k e e  lim es to n e  a n d  o v e rly in g  H o p k in to n  do lom ite  
c o n ta in  a  g r e a t  m an y  s in k h o le s  in  th e  s o u th e rn  p a r t  o f  C lay to n  
C o u n ty . T h e  s in k h o le s  a re  a  m a jo r  f a c to r  in  th e  d ra in a g e  o f  t h a t  
p a r t  o f  th e  a r e a  w h e re  th e se  lim esto n es  a r e  covered  by  Io w a n  
d r i f t ,  so  t h a t  m u ch  o f th e  w a te r  w h ich  w ould  o th e rw ise  r u n  off 
is  c a r r ie d  u n d e rg ro u n d . Som e o f  th is  w a te r  m ay  leave  th e  co u n ty  
by  su b s u rfa c e  ou tflow  to th e  so u th  a n d  so u th w e s t, b u t  m o st o f  i t  
p ro b ab ly  is d isc h a rg e d  by  th e  co u n tle ss  s p r in g s  t h a t  issu e  f ro m  
th e  S ilu r ia n  rocks.

N i a g a r a n  S e r i e s
H opkinton Dolom ite

S t r a t i g r a p h y .  T h e  H o p k in to n  do lom ite  w a s  n a m e d  by  C alv in  
(1 9 0 6 a, p . 57 2 -5 7 4 ). I t  c o n s is ts  o f  th e  m ass iv e  d o lo m ite  b e tw een  
th e  b ase  o f  th e  N ia g a ra n  se rie s  an d  th e  to p  o f  th e  beds c o n ta in in g  
th e  b rach io p o d  P e n t a m c r u s .

T h e  H o p k in to n  do lo m ite  is  n o t w ell exposed  in  C lay to n  C o u n ty , 
a lth o u g h  20 fe e t  is  exposed  a t  a  q u a r ry  (91-6-18Q 1Q ) f o r  c ru sh e d  
rock  a n d  a g r ic u ltu ra l  lim e. T h e  fo rm a tio n  is  a  m ass iv e , yellow  
to  buff, m ed iu m -to  c o a rse -g ra in e d  d o lom ite , w h ich  c o n ta in s  som e 
n o d u la r  c h e rt , p a r t ic u la r ly  n e a r  th e  b ase . T h e  m ax im u m  th ic k 
n ess  is  believed  to  be a b o u t 125 fe e t  a lth o u g h , a s  in d ic a te d  in  th e  
d e sc r ip tio n  o f  th e  K a n k a k e e  lim esto n e , i t  m ay  be so m e w h a t less.

W a t e r  s u p p l y .  T h e  H o p k in to n  do lo m ite  su p p lie s  m an y  f a r m  
w ells in  th e  s o u th w e s te rn  p a r t  o f  C lay to n  C o u n ty  a n d  a lso  th e  
c ity  a n d  c re a m e ry  w ells  a t  S tra w b e r ry  P o in t. M o st o f  th e  w ells 
d rilled  in to  th is  do lom ite , ho w ev er, a lso  p e n e tra te  th e  K a n k ak ee  
a n d  E dgew ood  lim esto n es, so th a t  som e o f  th e  w a te r  m ay  be  
o b ta in e d  f ro m  th e se  fo rm a tio n s . T h e  ch em ica l q u a lity  o f  w a te r
f ro m  th e  S ilu r ia n  fo rm a tio n s  is  p re se n te d  in  ta b le  4 a n d  g r a p h 
ically  sh o w n  in  fig u re  23. D iffe ren ces  in  th e  h a rd n e s s  a n d  d is 
so lved  so lid s  c o n te n t o f  w a te r  f ro m  th e  S ilu r ia n  fo rm a tio n s  a r e  
sh o w n  in  ta b le s  4a  a n d  4 b ;  te m p e ra tu re  d a ta  is  p re se n te d  in  
ta b le  4c.
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Q u a t e r n a r y  S y s t e m

P le i s to c e n e  S e r ie s

G lacial D eposits

S t r a t i g r a p h y .  T h e  b ed ro ck  th ro u g h o u t m uch  o f  C lay to n  C o u n ty  
is  covered  by  d e p o s its  o f  g lac ia l t il l  w h ich  c o n s is ts  o f  ye llow , buff, 
b ro w n , a n d  g ra y , u n s tra tif ie d  p eb b ly  clay . T h ese  d ep o s its  w e re  
le f t  b y  th e  th re e  c o n tin e n ta l  g la c ie rs  t h a t  in v ad e d  th is  a re a  
d u r in g  th e  P le is to ce n e  epoch. In  a d d itio n , m e lt w a te r  f ro m  th e  
g la c ie rs  d e p o sited  sa n d , g ra v e l, s ilt , a n d  c lay  in  th e  v a lley s  a s  
v a lley  t r a in s .  T h e  s i l t  f ra c t io n  o f  th e  v a lley  t r a in s  se rv e d  a s  th e  
so u rc e  m a te r ia l  f o r  th e  w in d -b lo w n  d ep o s its  ca lled  loess, w h ich  
ac cu m u la te d  on th e  u p lan d  s u rfa c e s . B e tw een  th e  p e rio d s  o f  
g la c ia tio n , th e  t il ls  a n d  a sso c ia te d  d e p o s its  w e re  su b je c te d  to  
w e a th e r in g  a n d  e ro s io n , th e  d e g re e  o f  w e a th e r in g  d e p e n d in g  
la rg e ly  u p o n  th e  le n g th  o f  t im e  b e tw e en  ice in v as io n s .

F ig u re  23.— G raphic rep resen ta tio n  o f  chem ical an a ly ses of w a te r  from  th e
S ilu rian  fo rm ations .
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A  detailed study of the Pleistocene deposits in Iowa has been in 
progress for many years. The nomenclature used by Kay and 
Apfel (1929) and Kay and Gi’aham (1943) in their review of the 
general features of these deposits is followed in this report.

The name of the stage applies equally to the continental ice 
sheet, to the mantle of till deposited by the ice sheet, and to the 
contemporary deposits of stratified drift. The total thickness of 
the glacial deposits ranges from less than a foot to as much as 
130 feet. The greater thicknesses are in that part of the county 
covered by the Iowan ice sheet of the Wisconsin stage of glacia
tion.

The deposits of the Nebraskan ice sheet, which completely 
covered the county, have been almost completely removed by ero
sion ; only scattered quartzose residuum remains on a few high 
surfaces outside the Kansan boundary (fig. 24) and, locally, thin 
remnants underlie the Kansan drift. Deposits of the Kansan 
glacier cover a large part of Clayton County (fig. 24). Where not 
protected by overlying deposits of the Iowan the Kansan till has 
been deeply weathered and largely removed by erosion; nowhere 
in the county is it much more than 20 feet thick. Iowan till 
underlies only the southwestern part of the county (fig. 24) and 
is the only till sheet that conceals the bedrock topography of the 
county. The Iowan till is mostly gray, whereas the older Kansan 
till is mostly brown.

Deposits of gravel, sand, and silt, formerly termed the B u 
chanan gravels (Calvin, 1896, p. 58-60), are present at scattered 
localities in Clayton County. These deposits are interpreted to be 
Kansan outwash that was deeply weathered during post-Kansan 
time. They are characteristically red and iron stained and locally 
are as much as 10 feet thick. T w o  good exposures of these gravels 
are south of Elkader in the N E ^ N E V i  sec. 34, T. 93 N., R. 5 W., 
and north of Elkader in the N W ^ 4 N W %  sec. 35, T. 94 N., R. 5 W.

Deposits of loess cover much of the county, but studies of these 
sediments are not as yet sufficiently advanced to positively dis
tinguish loess other than that clearly assignable to the Wisconsin 
stage. The loess is well exposed in sec. 35, T. 94 N., R. 5 W., 
where it overlies “Buchanan” gravels.

Terraces along the Mississippi River and the major streams 
in Clayton County show that the streams at one time had a much 
larger volume and carried a far greater load of sediments than 
they do now. Although the formation of the terraces was, with
out doubt, related to the glaciation in the area, the terraces have
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not been definitely correlated with the stages of the Pleistocene. 
The town of Osborne in the S E  1/4. S W  1/4, sec. 9, T. 92 N., R. 5 W., 
is built upon one of the terraces along the Volga River.

Alluvial deposits that underlie the flood plains of the rivers, 
particularly the Mississippi River, are at least in part of Wis
consin age. The water supply from alluvium is discussed under 
Recent deposits, because there is no way of differentiating the 
ages of these deposits.

Pleistocene deposits are well exposed northwest of Gunder. 
The water-laid sand beneath the till in the following section is 
crossbedded and shows marked involutions that seemingly were 
caused by pressure as glacial ice moved over it.

Figure 24.— Map showing the present distribution of the Kansan and Iowa
drifts.
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P le i s to c e n e  d e p o s i t s  in  th e  S W V .\ .N W x/.\, s e c . 4 , T .  .94 N .,  R .  6  W .,

n e a r  G a n d e r ,  I o w a

In  th is  se c tio n  th e  till  is  o f  K a n sa n  a g e  a n d  th e  u n d e rly in g  sa n d  
a n d  s i l t  is  p re -K a n sa n . T h e  loess o v e rly in g  th e  till  u n d o u b ted ly  is  
o f  e a r ly  W isco n sin  age .

W a t e r  s u p p ly .  T h e  d ev e lo p m en t o f  w a te r  f ro m  th e  P le is to cen e  
d ep o s its  in  C lay to n  C o u n ty  is  r e s t r ic te d  to  th e  Io w a n  d r i f t  a re a . 
T h e  K a n sa n  d r i f t  does n o t  y ie ld  w a te r  in  i ts  o u tc ro p  a re a , be
cau se  th e  d r i f t  is  g e n e ra lly  too  th in  a n d  too  d isse c te d  to  hold  
w a te r .

E n g la c ia l  sa n d  d ep o s its  w ith in  th e  Io w a  d r i f t  a n d  in te rg la c ia l  
sa n d  a n d  g ra v e l d e p o s its  b e tw een  th e  Io w a n  a n d  K a n sa n  d r i f t s  
y ield  sm a ll q u a n ti t ie s  o f  w a te r  to  se v e ra l d u g  w ells  a n d  a  few  
d rilled  w ells. B ecause  th e se  d ep o s its  o ccu r a s  th in , d isc o n tin u o u s  
len ses  a n d  s t r in g e r s ,  th e y  a re  d ifficu lt to  lo ca te  a n d  th e y  a r e  u n 
ab le  to  y ield  en o u g h  w a te r  to  s a t i s fy  m o d e rn  d e m a n d s . H o w 
ev e r, i f  th e  re q u ire m e n ts  f o r  w a te r  a r e  low , th e se  s a n d y  zones 
w ith in  a n d  a t  th e  b ase  o f  th e  Io w a n  d r i f t  y ie ld  a  f a i r ly  c o n s ta n t  
su p p ly . W ells like  th e  E lm e r  B a ld rid g e  w ell (91 -6 -22D 1) h av e  
o b ta in e d  a  sm all b u t  c o n s ta n t  y ie ld  f ro m  th e  Io w a n  d r i f t  f o r
m a n y  y e a rs .

U n it D e s c r ip t io n T h ic k n e s s
( fe e t)

10. L oess, d a rk -b ro w n , ox id ized , leached , s i l ty  an d
clayey  1

9. L oess, m ed iu m - to  d a rk -b ro w n , ox id ized , leached ,
c layey  9

8. T ill, m ed iu m -b ro w n , ox id ized , leached , s i l t y 4
7. T ill, d a rk -b ro w n , ox id ized , leached , s ilty , s a n d y 2
6. T ill, buff to  m ed iu m -b ro w n , ox id ized , u n leach ed ,

s ilty  a n d  s a n d y 15.7
5. S a n d  a n d  s il ts , m ed iu m - to  d a rk -b ro w n , ox id ized ,

un leach ed , w a te r la id , p o o rly  so r te d , w e ll-cem en ted          1.3
4. S an d , buff, ox id ized , un leach ed , m ed ium -fine ,

d o m in a n tly  q u a r tz , c ro s s b e d d e d 1
3. S an d , a s  above, in te rm ix e d  w ith  w a te r la id  c la y 1
2. S an d , buff, ox id ized , un leach ed , c o a rse  to  fine,

d o m in a n t q u a r tz  1
1. S ilt , bu ff to  g ra y , ox id ized , u n leach ed , m icaceous 3

T o ta l 39
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Recent Deposits

Stratigraphy. Deposits of Recent age, excepting soils, are re
stricted to the valleys of the major streams of the county and are 
called alluvium. They consist of silt, clay, sand, and gravel be
neath the flood plains of the rivers in the county. As indicated 
in the discussion on the glacial deposits, the alluvium probably 
is in part of Wisconsin age. The locations of some sand and 
gravel deposits in the county are shown in figure 6.

Water supply. The city of Guttenberg initially obtained its 
water supply from a large-diameter dug well finished at a depth 
of 26 feet in the alluvium of the Mississippi River flood plain. 
This well was capable of yielding 200 g p m  with a 20-foot draw
down in water level. The well was abandoned because the water 
had a high nitrate content.

The alluvial aquifers are not extensively developed as a source 
of water supply in the county. A  few wells, such as the F. G. 
Cummings well (92-6-10C1) and the Willman Store well (91-3- 
2A1) obtain small quantities of water from the alluvium along 
the Volga and Turkey Rivers. The alluvium along the interior 
streams are not thick enough or extensive enough to yield more 
than small to moderate quantities of water. The Mississippi 
River alluvium, however, probably could yield moderate to large 
quantities of water. The city of Dubuque, about 10 miles down
stream from the county line, pumps an average of approximately 
6 m g d  from the Mississippi River alluvium.

Chemical analyses of water from some of the alluvial aquifers 
is presented in table 4 and graphically shown in figure 25. T e m 
perature data on this water are shown in table 4c.
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F ig u re  25.— G rap h ic  re p r e s e n ta t io n  o f ch em ica l a n a ly s e s  o f  w a te r  fro m  th e
a llu v iu m .
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S U M M A R Y  A N D  C O N C L U S IO N S

T h e  S ilu r ia n  fo rm a tio n s  a n d  G a len a  d o lo m ite  su p p ly  m o d e ra te  
q u a n ti t ie s  o f  w a te r  to  m an y  f a rm  w ells  th ro u g h o u t th e  co u n ty . 
O nly  locally , su ch  a s  a t  S t ra w b e r ry  P o in t, V olga, a n d  L u a n a , do 
th e se  a q u ife rs  y ie ld  la rg e  q u a n ti t ie s  o f  w a te r . T h e  y ie ld s  o f  w ells 
m ay  be in c re a se d  by a c id iz in g  th e  w ells.

C o m p ariso n  o f  th e  e s tim a te s  o f  n a tu r a l  a n d  a r tif ic ia l  d isc h a rg e  
in d ic a te s  t h a t  a d d itio n a l w a te r  could  be  developed  f ro m  th e se  
a q u ife rs  w ith o u t c rit ic a lly  d e p le tin g  th e se  re s e rv o irs . B ecause  
th e i r  re c h a rg e  a n d  d isc h a rg e  a re a s  a r e  w ith in  close p ro x im ity  o f  
each  o th e r , a n d  b ecau se  th e i r  m a jo r  fo rm  o f re c h a rg e  is  b y  local 
p re c ip ita tio n , th e  h y d ro s ta t ic  p re s s u re s  w ith in  th e  a q u ife rs  r e 
sp o n d  r a th e r  q u ick ly  to  v a r ia t io n s  in  local p re c ip ita tio n . D u r in g  
p e rio d s  o f d ro u g h t, w h en  th e  to ta l  d isc h a rg e  te m p o ra r ily  exceeds 
th e  re c h a rg e  to  th e se  a q u ife rs , s p r in g  flow s d im in ish  a n d  w a te r  
levels  d ro p  in  w ells. B ecau se  o f  th is ,  w ells d rilled  in to  th e  S ilu r
ian  fo rm a tio n s  a n d  G alen a  do lom ite  sh o u ld  com ple te ly  p e n e tra te  
th e  e n ti r e  a q u ife r . T h e  w a te r  f ro m  w ells t h a t  a r e  in  close p ro x 
im ity  to  s in k h o le s  a re  s u b je c t  to  c o n ta m in a tio n  a n d  sh o u ld , th e r e 
fo re , be a n a ly z e d  f o r  b a c te r ia .

T h e  S t. P e te r  s a n d s to n e  su p p lie s  su ffic ien t w a te r  f o r  d o m estic  
a n d  s tock  su p p lie s  in th e  e a s te rn  h a lf  o f  th e  co u n ty . O nly  locally  
does th is  a q u if e r  su p p ly  la rg e  q u a n ti t ie s  o f  w a te r  f o r  m u n ic ip a l 
o r  in d u s tr ia l  p u rp o se s . T h e  v a r ia t io n  in  w a te r  y ie ld  is  a t t r ib u te d
to  v a r ia t io n s  in  th e  p e rm e a b ility  a n d  th ic k n e ss  o f  th e  fo rm a tio n . 
D a ta  on th e  S t. P e te r  s a n d s to n e  in  th e  w e s te rn  t i e r  o f  to w n sh ip s  
a r e  n o t  a v a ilab le .

S lig h tly  m o re  th a n  i/> m gd  o f  w a te r  is  p u m p ed  by  m u n ic ip a li
t ie s  an d  a  fe w  in d u s tr ie s  f ro m  th e  deep  a q u ife rs  in  C lay to n  
C o u n ty . M ost o f  th is  w a te r  is  w ith d ra w n  f ro m  th e  J o rd a n  s a n d 
s to n e  a n d  u n d e rly in g  S t. L a w re n c e  fo rm a tio n  a n d  a  le sse r  
a m o u n t f ro m  th e  G alesv ille  s a n d s to n e  o f  th e  D re sb ac h  g ro u p . 
B o th  th e se  a q u ife rs  a r e  k n o w n  to  y ie ld  a b u n d a n t  su p p lie s  o f 
w a te r  to  w ells in  th e  e a s te rn  h a lf  o f  th e  co u n ty . D a ta  f ro m  a d 
ja c e n t  F a y e tte  C o u n ty  in d ic a te  t h a t  a d d itio n a l su p p lie s  could  be 
developed  f ro m  th e  J o rd a n  sa n d s to n e  in  th e  w e s te rn  p a r t  o f  th e  
co u n ty , a lth o u g h  w ells w ould  be  d e e p e r  a n d  s ta t ic  w a te r  levels 
p ro b ab ly  low er.
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T A B L E  5. R E C O R D S O F  S E L E C T E D  S P R IN G S  IN  C L A Y T O N  C O U N TY

Spring n u m b e r: S p rin g s  a r e  num bered  acco rd ing  to  nu m b erin g  sy stem  show n in figu re  2.
D a te : D a te  w hen yield and  te m p e ra tu re  w ere  determ ined .
Y ield : D ete rm ined  b y  use o f  V -notch  w eir  ( a ) ,  m easu red  c ro ss  section  o f channel an d  velocity  ( b ) ,  o r  es tim ation  (c ) .

Spring
num ber Owner Geologic source

Topographic
situation D ate

Yield 
(Gallons 

per m inute)
T em perature

(°F ) Use of water Rem arks

91-4-9H1S Jo h n  W iley M aquoketa  shale Valley side 8-15-51 5 o Stock
91-4-14M 1S R oy Appleton do do 8 - 3 -5 1 8o 49 do
91-4-26E1S C . G leason Edgewood lim estone do 8-28-51 4o 49 do
91-4-26M 1S C . G leason do do 8-28-51 5 o do
91-5-27C1S B assett B ro thers K ankakee limestone do 7-10-5 1 10o do
9 1 -6 3 R IS E . Zw anziger d o do 6-26-51 5o do
91-6-l0C lS C arl K leinlein Edgewood limestone do 6-18-51 400o 49 do Analysis of w ater given In tab le 4.
91-6-12C1S J .  R . Alderso n do do 6 - 3 -5 1 150o 49 Domestic an d  stock
91-6-17P1S New berry E s ta te H opkin ton  dolomite Rolling plain 7 - 5-51 7o 48 Stock
9 1-6-19P1S Jo h n  L ee do Valley side 7 -  7-51 50o 49 do Analysis of w ater given in  tab le 4.
91-6-19P2S Jo h n  L ee do do 7 -  7-51 19o 49 do
92-3-30A1S R udolph Ren tsch le r G alena dolomite do 8 -  6-51 8o do
92-4-7BLS E . H . Klin k do do 9 -  3-51 75o 49 do
92-4-18E1S
92-4-25R1S

Leroy K lin k do do 9 -  3-51 
7-27-51

15o
10o

do

92-5-9L IS George S tah l d o do 7-25-51 200o 50 Analysis of w ater given in tab le  4.
92-5-21E 1S M yrtle  K ram er d o Valley floor 7-12-51 250o 49 T rou t pond
92-5-27R 1S O tto  H aker t Edgewood lim estone Valley side 8 -3 -5 1 7o Stock
92-5-27Q1S O tto  H a k e rt do do 8 -  3-51 5 o do
92-5-31E IS H erm an K ruse do do 8 -  3-51 10o do
9 2 -5-34G1S J .  W . S tocks M aquoketa  sha le do 8 -  5-51 8 o do
92-5-35D1S K. E . Lid d y do do 8 - 5 -5 1 20o do
9 2 -6-3L1S L. C . R ichards do do 9 -  4-51 25* 50
92-6-14G lS Stanley S argen t do Valley floor 7-24-51 5o 52 Stock Analysis o f w ater given in tab le  4.
92-6-16R1S Ha rry  Roeder Edgewood limestone Valley side 7-24-51 8o
92-6-20G1S W alter M anson do do 7 - 6 -5 1 150o 49 do
92-6-20N1S George Andreae do do 7 -  6-51 10o do
92-6-2 0 P lS W alter M anson do do 7 -  6-51 30* 49 do
92-6-21A1S R oy Klingman do do 7 -  6-51 15o do
92-6-21C lS H arry  Roeder do do 7 -  6-51 8o do
92-6-2 6 J I S M a r y O 'B rien do do 7 -  3-51 20o 48 do
92-6-29B1S S ig  K oehler Edgewood limestone Valley side 7-22-51 8o Stock
92-6-3 2 K lS M artin  B aum gartner d o do 8-28-51 300o 49 do
92-6-32K2S M artin  B aum gartner do do 8-28-51 18o 49 do

93-2-7G1S Concrete Materials and C onstruction Division. P lattcv ille  limestone do 9-12-54 7o 54 fr iv a tc  drinking A nalysis of water given in  tab ic 4.
93-2-30P1S W m . an d  Jo h n  Li n k G alena dolomite do 8 -  6-51 5 o Stock



93-3-2R1S City of Clayton do do 2- 4-54

93-3-22J1S G. W. Hunt Decorali shale do 7-12-5l
93-3-22L1S G. W. Hunt do do 7-12-51
93-3-23N1S Jae. Jaeger Galena dolomite do 7-12-51
93-3-26C1S L. O. Hall Decorah shale do 7-21-51
93-3-20DIS L. O. Hall do do 7-21-51
93-3-26G1S L. O. Hall do do 7-21-51
93-3-27A1S Jae. Jaeger Platteville limestone do 7-21-51
93-4-12C1S Lester Kramer Galena dolomite Rotting plain 7- 5-51
93-6-31P1S T. and R. Leahy Maquoketa shale Valley floor 7- 5-51
94-4-2M1S O .J. Seboulte Galena dolomite Rolling plain 10-13-54
94-4-SQ1S Frita Mueller Galena dolomite Rolling phdn 10-13-54
94-4-9B1S Serenas Eiler a do do 10-13-54
94-4-12B1S Caspa- Schoulte do do 10-13-54
94-4-I7B1S Arno Henning do do 10-13-54
94-5-4Q1S Roy Saacke Maquoketa shale do 10-13-54
94 - 5 - 5 L 1 S A. H. O l s e n do Valley floor 7-15-51
94-5-12J1S John Basarti Galena dolomite Rolling plain 10-12-54
94-5-13P1S Oscar Thompson do do 10-12-54
94-S-31RIS Ray Ehlen (Big Spring) do Valley side 7-28-51

94-6-12K1S A. A. Gul s v i g Maquoketa shale do 7-15-51
94-6-21F1S Emil Maur do do 7-15-51
95-3-35E1S Pikes Brak Stale Park . Galena dolomite do 7-24-51
95-4-1B1S Frank Sanger do do 10-14-51
95-4-2E1S Ray Grady do do 10-14-54
95-4-2L1S Frank Blaha do do 10-14-54
95-4-12A1S Milton Nelson do do 10-14-54
9S-4-I2R1S Milton N e l s o n Galena dolomite Valley side 10-14-54
95-4-I5M1S F. V. Lestma do 8-18-38
95-4-21A1S Beo Lest ina do Valley side 7-24-51
95-4-22EIS Charles Welch Platterville limestone do 10-15-54
95-4-25KIS Emma Yearous Galena dolomite do 10-15-54
95-4-31R1S Gaylord Odke do do 10-15-64
95-4-33J1S Dale Thompson do Rolling plain 10-15-54
95-4-36BIS Frank Davi e s do do 10-15-54
95-5-1P1S Elsie Ferguson do Valley ride 10-15-54
95-5-2C1S Edmund Ryan do 10-15-54
95-5-22H1S Raymond Kohler Maquoketa shale do 10-15-54
95-5-26P1S Kenneth Thompson do Rolling plain 10-15-54
95-5-28X1S Cari Johanningmeier do do 10-15-54
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Analysis o f w ater given in  tab le  4. Combined 
flow o f tw o springs.

Analysis of w ater giv e n  in  tab le 4. Owner 
reports  th a t  spring flows an  average of 
5,000 gpm ; im m ediately following heavy 
rains, i t  flows as  m uch a s  10,000 gpm.

Analysts of w ater given in  tab le  4.

Analysis of w ater given in  tab le  4. 
Analysis of w ater given in  tab ic 4.

100o 54 Public drinking

8o 49 Stock
12o 49 do
15o do

8 o do
12o do
16o do
5° do
8 o do

12o 50 do
8 o 48 do

12o Stock
10o 48 do
5 o do
4° 49 do

12o 48 do
10o 50 do

8o do
10o 49 do

5 ,000o 47 Fish hatchery

4 o 50 Stock
1o 57

15o 49
22o 49 Stock

8o 48 do
5 o 48 do
7o 49 do

10o 49 Stock
100o 49
210o 49 Stock

6o 49 do
15o 50 do
5 o 49 do

12o 49 do
8o 49 do
5 o do
4o 50 do

18o 49 do
10o 49 do
3 o 49 do



1 0 8 G E O L O G Y  A N D  G R O U N D - W A T E R  R E S O U R C E S

T A B L E  C. R E C O R D S O F  S E L E C T E D

Well n u m b er: W ells a re  num bered accord ing  to the nu m b erin g  system  
Type of w ell: Dg, d u g ; Dp, d riv e  p o in t; D r, drilled.
D epth o f  w ell: M easured dep ths g iven in fee t and te n th s ; rep o rted  dep ths 
ind icated  dep th .
Type o f  casin g : B, b rick ; C, copper; I, iron  o r  s tee l; N , none; R, rock ; 
T ype o f pum p: J ,  j e t ;  L, l i f t ;  N , none; Ps, p ressu re  system  (typo  o f 
T ype o f  pow er: E , e lec tric ; G, gaso line eng ine ; H , h a n d ; W , w ind and  
A ltitu d e : D eterm ined w ith  a ltim e te r  o r hand  level, a c cu ra te  to  w ith in  
W a te r  level: M easured levels g iven in fe e t and  h u n d red th s ; reported  
U se o f w a te r : A , abandoned ; D, dom estic ; Ind , in d u s tr ia l;  M, m u n ic ipa l;

Well
number Owner or tenant Type D

ep
th

 (
fe

et
)

Dia
meter

(mrhes)

Well construction

Casing

Method of 
lift

Pump PowerType
Depth
(feet)

90-5-2C1 Edgewood City Well 4 Dr 269 10 I 84 T E

91-1-26K1 George Kamm Dr 205 I L W
91-1-36N1 Jaeger Farm Dr 215
91-2-8B1 William Moran Dr 370 6 I T E
9 1-2-9G1 G. W. H unt Dr 55 6
9 1-2-16A1 Millville Creamery Dr 130 8 I T E

91-2-28L1 Rae Anderegg Dr 565 5 L W

91-3-2A1 H . Willman Store Dp 28 1 1/4 Ps E.

91-3-1 4 E 1 John Moser Dr 395 5 I Ps E
91-3-19F1 Elmer Simmons Dr 125 6 I L G
91-4-4B 1 Ted Smock Dr 303 5 I L W
91-4-5P1 Pilkington Farm Dr 205 5 I L W
91-4-21H 1 Art Wessell Dr 525 6 I L G
91-4-21L 1 Dr. D. W. Newman Dr 375 6 I 274 L G

91-5-2D1 F. E . Nading Dr 160 6 I
91-5-4AI Gerald Sco tt Dr 65 6
91-5-6P1 S. P. Woll e Dr 223 6 I L E
9 1-5-7F1 Fannie Kramer Dr 200 6 I
91-5-7P1 Jessen Farm Dr 187 5 I L W
91-5-9 F1 Kate Newberry Dr 158 5 i L B
91-5-9N1 Earl Berns Dr 24 36
91-5-9Q1 Kate Newberry Dr 835 6 I Ps E
91-5-10G1 Sofia Hochaus Dr 735 6
91-5-14L1 Ernst Rickett Dr 815 6 I L E
91-5-14M 1 Lloyd Gates Dr 825 6 I L E
91-5-16A1 Lillian Phelps Dr 190 6 I
91-5-16P1 Walter Klosterman Dr 270 6
91-5-17A1 Herman Reinhardt Dr 2C0 6 L W
91-5-18F1 W. S. Pugh Dr 200 6
91-5-19N 1 Will Knight Dg 3 6 30 Cement L 11
91-5-19N2 Will Knight Dr 260 6 I 100 Ps E
91-5-20D 1 Leonard Keppler Dr 101 6
91-5-21 F 1 G .J .G il l Dr 178 5 I Ps E
91-5-22B1 Leroy Glawe Dg 49 24 Cement H
91-5-22G1 Harlan Weyant I)r 193 6
91-5-23J1 Ernest Thuru Dr 710
91-5-27C1 Herman Basset t Dr 130 5 I
91-5-28F1 Lowell Rowell Dg 32 30 L H
91-5-28GI Willard Armer Dr 135 6
91-5-28L1 Edna Wilson Dg 40 30 B L H
9 1-5-29A1 Francis Wilson. Dr 205 6 I 165
9 1-5-29C1 Opitz Brothers Dr 160 6 I 160
91-5-29M1 H. B. Farrington Dr 34 6 L H
91-5-29M2 H . B. Farrington Dr 135 6 1/4 I 126
91-5-30R1 Carl Kramer Dr 162 6 I 131 L w

91-5-31F1 Henry Keppler Dr 300 6 L W
91-5-31J1 Henry Keppler Dr 190 6 I 162
91-5-32P1  John Downey Dr 142 6 1/4 I 132
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W E L L S  IN  C LA Y TO N  C O U N TY

show n in figure 2. Locations a re  shown on p la te  2.

given in fee t. P aren th e ses  a round  figure ind icates well w as plugged back to

T, tile .
pum p u n k n o w n ) ; T , tu rb ine , 
hand.
5 feet.
levels given in  fee t.
P S , public supp ly ; RR, ra ilro a d  su p p ly ; S, stock.

Principal water-bearing bed»

Water-level Pumping data

Use
of

water Remark»

Altitude 
of laud 
miriate 
(feet)

Dis
tance
below
land

surface
(feet)

Date of 
measurement

P ro
duction
(gptn)

Draw
down
(feet)

Character 
of material

Geologic
subdivision

Dolomite Silurian 77 91 105 M Geologic log available*
analysis of water 
given in table 4.

Sandstone St. Peter D .S
Dolomite Galena 9 40 64 1951 D. S Geologic log available*
Sandstone St . Peter 882 270 1958 D .S

Gale n a 610 16.60 June 25, 1957 S
Sandstone St. Peter 638 80 1950 Ind Analysis of water given

Dolomite Galena 1,216 440 1954 D .S

log given in table of
logs.

Analysis of water given 
in table 4; geologic 
log available*.

Sand and gravel Alluvium 640 D, PS Analysis of water given 
in table 4.

Sandstone St. Peter D, s
Sandstone St. Peter D. s
Sandstone do 860 215 D. S
Dolomite Galena 740 39.30 June 11, 1957 D. S Geologic log available.*
Dolomite do 1,162 456 3 6 D, S
Sandstone St. Peter 1,167 475 55 None D. S

Geologic log given in tab le of logs.
Galena 860 140 D, S

Dolomite Maquoketa 10.95 June 14, 1957 D
Dolomite Silurian 180 D, S
Dolomite do 160 D .S
Dolomite do D .S
Dolomite do 1,243 69 1943 1), S Geologic log available.*
Drift Pleistocene 19.27 June 6, 1957 A
Sandstone St. Peter 1,230 490 1919 6 20 D .S Geologic log available.*
Sandstone do 1,200 550 D .S
Sandstone do 1,200 400 D. S
Sandstone do 1,230 591 D .S
Dolomite Silurian 160 1956 D .S

Dolomite do 140 1956 D .S
Dolomite Silurian 134.83 June 14, 1957 D, S

Dolomite do 175 D, S
Drift Pleistocene 28.45 June 10, 1957 A
Dolomite Silurian 134.40 June 10, 1957 15 14.6 D, S Temperature 52° F
Dolomite do 139 1950 D, S
Dolomite do 58 D, S
Drift Pleistocene 13.89 June 5, 1957 D
Dolomite Silurian 153 1948 D
Sandstone St. Peter 1,180 210 S
Dolomite Silurian 103 1933 D. s
Drift Pleistocene 27.03 June 6, 1957
Dolomite Silurian 86.98 June 6, 1957 D .S
Drift Pleistocene 30.95 June 6, 1957 D
Dolomite Silurian 126 1948 D. s
Dolomite do 94 1945
Drift Pleistocene 31.42 Juno 6, 1957 A
Dolomite Silurian 95 1956 30 10 D .S Temperature 52° F.
Dolomite Silurian 68 1951 D, S Analysis of water given 

in table 4.
Dolomite do 106.61 June 6 , 1957 D .S
Dolomite do 95 1954 20 None D .S
Dolomite do 65 1957 30 D, S Geologic log available.*
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TABLE 6. RECORDS OF SELECTED

Well
»umber Owner or tenant

Well construction
Method
of lift

Type
Depth
(feel)

Dia
meter

(inches)

Casing

Pump towerType
Depth
(feet)

9 1 -5-33P1 Vernard Vaske Dr 136 6 I 16
91-5-3 5 L 1 Edgewood Creamery Dr 490 8 I 485 T E
91-5-35N1 Edgewood City Well 3 Dr 248 16 I 99 T E

914-35P1

Edgewood City Well 2

Dr 1,080 6 I 432 T E

91-6-4F1

Louis Baumgartuer

Dr GO 5 I L W
91-6-5F1 C. E. McCarron Dr 300 6 I L W

91-6-5H1 Carl Zwanzigger Dr 210 6
91-6-5M1 Leta Arnold Dr 260 6
91-6-6G1 E. R. Schmidt Dr 90 6 I 21 L W
91-6-6N1 Mildred Kaherle Dr 100 6
91-6-7A1 Fred Nodurft Dr 60
91-6-7E1 Lloyd Pruess Dr 100 6
91-6-8M1 L. H. Neumann Dr 140
91-6-8Bl Nell Westfall Dr 172
91-6-9A1 Earl West Dr 200
9 1 -6-9R1 Bernal Kehrli l)r 160 6 T E
91-6-10K1 Melvin Scott Dr 210 6
91 - 6-11C l Weldon Anderson Ur 328 6
9 1 -6-13G1 Hamlett Estate Dr 150 6
91-6-13Nl William Knight Dr 260 6
91-6-17H1 Mrs. Alderson Dr 510 6 I 360 L E
91-6-18C1 Walter Fredrick Dr 100 6
91-6-18N1 E. C. Bunting Dr 32.5 6 J E
91-6-19F1 Lester Moser Dr 94 6
91-6-20D1 Bob McKee Dr no 6
9 1 -6-21A1 Edwin Kramer Dr 174 6 I Ps E
91-6-21B 1 Edwin Kramer Dg 25 36 L H
91-6-21Q1 Christian Otterbeck Dr 157 5 I Ps E
91-6-22C1 Strawberry Point Creamery 1 Dr 165 6 I T E

91-6-22C2
Strawberry Point Creamery 2

Dr 510 12 I 135
91-6-22C3 Strawberry Point Creamery 3 Dr 215 12-8 I 118 T E

91-6-22D1

Elmer Baldridge

Dg 12 40 R 12 L H

91-6-22G1
Strawberry Point City Well 1

Dr 160 4 I L E

91-6-22G2
Strawberry Point City Well 2

Dr 492 16-10 I 161 T E
91-6-22G3 Howard Bowman 18 36 R 18 L H
91-6-22H1 Lance Scully Dr (20) 5 I

91-6-22 K1

Strawberry Point City Well 3

Dr 259 8 I 157 T E
91-6-22N1 Strawberry Point City Well 4 Dr 240 16-10 I 135 T E
91-6-23J1 Earl Johnson Dr 220 5 1/2
91-6-24Q1 Meron Axtell Dr 65 5
91-6-25A 1 Earl Knight De 16.5 30 Ps E
91-6-26E1 Jim Gibbs Dr 26.8 6
91-6-26Q1 Arthur Hawkins Dr 125 6
91-6-27L 1 Goodrich Farm Dr 215 5 I L W

91-6-28L 1
Henry Knake

Dr 127
91-6-29E1 Howard Schofield Dr 80
91-6-31B l Gustav Kamass Dr 175 6
91-6-32P1 Harold Carr Dr 67.5 L H
91-6-33N1 Edwin Washburn Dr 110 I
91-6-35C1 Elmer Botcherding Dr 118 5 I L E
91-6-35R1 Frederick Bockenstedt Dr 175 5 I 58 Ps E
91-6-36D1 G. R. Stamp Dr 17& 6
92-2-5N1 Dr. Walters Dr 300 ft I Ps E
92-2- 5 R 1 Charles Cain Dp 30 1 1/4 I L H

92-2-5R2 D. Shadle Dr 55 5 I L H
92-2-8D1 Tom Pierce Dr 370 5 I Ps E
92-2-8M1 Dr. Goddard Dr 270 0 I 38
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W E L L S  IN  C LA Y TO N  C O U N TY — Continued

Water-level Pumpi ic data

Principal water-bearing beds Distance

Character 
of material

Geologic
subdivision

Altitude 
of land 
surface 
(feet)

below
land

surface
(feet)

Date of 
measurement

Pro
duction
(«pm)

Draw
down
(feet)

Use
of

water Remarks
Dolomite do 17 1953 D.S
Dolomite Galena 1.180 65 1936 Ind

Dolomite Silurian 1,173 77 1940 210 38 M Geologic log available*;
Analysis of water 
given in table 4. 
Original depth 450 
fret; plugged backto 248 feet.

Sandstone Jordan 1.165 76 1935 SO A Geologic log available.*
Depth to water while 
drilling thru St.
Peler sandstone—
80 feet.

Dolomite Silurian 55 D, S
Dolomite do D, S
Dolomite do 160 1952 D, S
Dolomite do 120 1955 D, s
Dolomite do 55 1950 t D, SDolomite do 65 D, S
Dolomite do 55 D, s
Dolomite do 50 1956 D, S
Dolomite do 120 D, S

Dolomite Silurian 165 D, S
Dolomite do 170 D, S

Dolomite do 140 1957 D , S
Dolomite do 180 D, s
Dolomite Galena 310 D, S
Dolomite Maquoketa(?) 130 D, S
Dolomite Galena 160 D, S
Dolomite Silurian 1,220 750 1951 12 None** D, S
Dolomite do 60 D,  S
Drift Pleistocene 21.32 June 12, 1957 D
Dolomite Silurian 49.30 June 12, 1957 D,  S

71.23 June 12, 1957 D, S
Dolomite Silurian 134 D, S
Drift Pleistocene 5.50 June 11. 1957 A

Dolomite Silurian 121 D, S
Dolomite do 1,215 130 1937 A Analysis of water given 

in tabic 4.
Dolomite Galena 1,212 127 1954 100 10 A Geologic log available.*

Dolomite Silurian 1,213 129 1954 300 41 Ind Geologic log available*;analysis od water

Drift Pleistocene 2
given in tabic 4. 

Analysis of water givenin table 4.

Dolomite Silurian 1,200 135 M Analysis of water givenin table 4.
Dolomite do 1,219 130 1936 400 30 M Geologic log available.*

Drift Pleistocene 1,213 5 A
Drift do 1,205 6 Sept. 1951 A Original depth of well

was 90 feet; plugged 
back to 20 feet.

Dolomite Silurian 130 1955 280 30 M Geologic log available.*
Dolomite do 96 1957 420 14 M Geologic log available.*
Dolomite do 175 1957 D, S
Dolomite do 200 1953 D, S
Drift Pleistocene 12.17 June 10, 1957 D, S Temperature 49° F,

Drift do 4.46 June 12. 1957 A Temperature 50° F.
Dolomite Silurian 60 D.S
Dolomite do 1,119 D.S Geologic log given ¡in

table of logs.
Dolomite do 50 1956 D, S
Dolomite do 22 1952 D, S
Dolomite do 120 D, S
Dolomite do 48.19 June 13. 1957 D, S
Dolomite do 60 D, S

Silurian 20 D, S
Dolomite do D, s Geologic log available.*
Dolomite do 130 D, S
Sandstone St. Peter 916 160 1946 A Geologic log available.*
Sand and gravel Alluvium d Analysis of water given

in table 4.
Sandstone St. Peter D

Sandstone do D Geologic log available.*
Sandstone do A
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Method
Well construction of lift

Well
number Owner or tenant Type

Depth
(feet)

Dia
meter

(inches)

Casing

Type
Depth
(feet) Pump Power

92-2-17H1 Guttenberg City Well 1 Dg 26 20 Concrete 26 T E
92-2-17L1 Guttenberg City Well 2 Dr 435 12-8 I 99 T E

92-2-17L2 Guttenberg City Well 1 Dr 450 8 I 127 T E

92-3-10H1

Everett Tuecke

Dr 240 5 1 38 L W92-3-10L1 Louie N i e m a n Dr 122 6 I 23 L E92-3-14O1 Anthony Voss Dr 422 6 I 162 L E92-3-15D1 Ed Schroder Dr 449 6 I 34 L E92-3-15N1 John Egsleder Dr 406 6 I 77 L W
92-3-16P1 W. H. Kregel. Dr 395 I 31 L E92-3-21 Rl H. Hureherding Dr 249 6 1 27 L E92-3-22Q1 Henry Brase Dr 240 6 I 36 L w92-3-32LI Morris Hudenber g Dr 87 6
92-3-32Ml L e t n a r  C h e t t e n g e r Dr 65 6
92-4-35G1 Thomas Moser Dr 135 101 T E92-3-35Rl Thomas Moser Dr 30
92-3-36N1 Lincoln Kraus Dr 90 6
92-4-5G1 Ho l m u t h  L a t t e y e r Dr 80 6 L E92-4-6A1 L. P. Meyer Dr 264 6 I L E92-4-6J1 Mable Pust Dr 260 6
92-4-18A1 Hy Klink Dr 330 6 I 116 L E92-1-19B1 Anna Maier Dr 89 5 I L W
92-1-21 Ll Ruega te B r o t h e r s Dr 216 6 I L E92-4-36N1 C. Vorwald Dr 98 6 I 58 L W92-5-I5K1 Lillian Schulte Dr 260 6 I 20 L E92-5-I7A1 Kliialteth Deb e s Dg 30 21 K

I
30

109
L H

92-5-34G1 James Stock Dr 522 6 L E
92-5-34R1 Daly Sylvester Dr 383 6 I 58 L G92-5-35N1 Minnie Nading Dr 485 6 60 L E
92-6-3N1 Volga Town Well Dr 225 8 I 53 T E

92-6-4 Ll F. Kittcrnmn Dr 200 6
92-6-9K1 Lyle Jcnnings Dr 120 6

I Ps E92-6-10C1 F. G. Cummings Dp 18 1 1/4
92-6-10D1 Essuay Hatchery

Dr 74 6 I 40 Ps E
92-6-14D1 John Shea Dr 125 6
92-6-2lJ1 Ray Klingman Dr 320 6 Ps E
92-6-21 P1 Sebald Andrae l)r 209 6 I 135 L E
92-6-25C1 John O’Brien Dr 72 6 I L E92-6 - 3 0 F 1 Dorn Eckhart Dr 200 6
92-6-33K1 Louis Baumgartner Dg 33
92-6-34J1 Alfred Kramer Dr 108
92-6-36K1 Walbord Hereford Farm Dr 220
93-2-32G1 Claney Dr 50 5 I L H93-3-13R1 Clarence Pius Dr 152 6 I 25 L G93-3-15H1 Ben Jost Dr 131 6 I 15 L E93-3-18J1 Garnavillo City W e l l Dr 385 10 I 60 T E

93-3-I8K1 Garnavillo City Well Dr 365 I
93-3-19D1 Garnavillo City Well Dr 815 12 I 400 T E
93-4-7 Al Clayton County Home Dr 780 10-6 I 495 T E

93-4-16B1 Hugo Kalke Dr 152 6 I 35 L E
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WELLS IN CLAYTON COUNTY— Continued

Principal water-bearing beds
Altitude 
of land 
surface 
(feet)

Water-level Pumping data

Use
ofwider Remarks

Dis
tance
below
laud
surface(feet) Date of 

measurement
Pro

duction
(gpm)

Draw- 
down
(feet)Character 

of material
Geologic 
subdivision

Sand and gravel Alluvium 4 200 20 A Analysis of water given
in table 4.

Sandstone Jordan 625 23 1937 490 19 M Geologic log given intable of logs; anal-
ysis of water given
in table 4.

Sandstone do 630 26 1937 440 64 M Geologic log available*;
analysis of water
given in table 4.
Depth to water while
drilling thru St.Peter— 29 feet.

Dolomite Galena 972 150 1952 5 17 D, S Geologic log available.*
Dolomite do 894 40 1950 D, S
Sandtone St. Peter 920 125 1950 D, S
Sandstone do 900 180 1950 D, S
Sandstone do 920 200 1950 D, S
Sandstone do 940 300 1949 D, S
Dolomite Galena 895 195 1949 D, S
Dolomite do 934 120 1950 D, S
Dolomite Galena (?) 66.10 June 26, 1957 D, S
Dolomite Galena 55 D, S
Sandstone St. Peter 700 55 1957 D, S
Sand and gravel Alluvium 2.65 June 24, 1957 S
Dolomite Galena (?) 9 1955 D, S
Dolomite Galena 711 20 D, S
Sandstone St. Peter 900 140 D, S
Sandstone do 714 Flowing June 25, 1957 D, s Flowing through a

2" pipe.
Sandstone do 820 90 1950 D, S
Dolomite Galena D, S
Dolomite do 936 150 1947 D, S Geologic log available.*
Sandstone St. Peter 780 90 1950 D, s
Dolomite Galena 180 1951 D, S

Sand and gravel Alluvium 755 D, S Analysis of water given
in table 4.

Sandstone St. Peter 1,060 120 1947 D, S
Sandstone do 800 110 1949 D, S
Sandstone St. Peter 810 90 1950 D, S

Dolomite Galena 828 41 1957 150 15 M Geologic log given intable of Logs.
Analysis of water
given in table 4.

Dolomite do 20 1956 D, S
Dolomite do 30 1955 D, S

Sand and gravel Alluvium 8 1937 Ind Analysis of water given
in table 4.

Dolomite Galena 50 1949 Ind
Dolomite do 896 50 1936 D, S
Dolomite do 240 1957 D, S
Dolomite do 995 100 1950 D, S
Dolomite do 44 D, S
Dolomite do 194 1957 D, S

Drift Pleistocene 23 1955
Dolomite Silurian 50 D, S
Dolomite do 60 1956 D, S
Sandstone St. Peter D
Dolomite Galena 997 100 1950 D, S
Dolomite do 970 90 1949 D, s

Sandstone St. Peter 1,062 70 1949 76 63 M Geologic log available:*
analysis of water
given in table 4.

St. Peter 1,050 A Analysis of water givenin table 4.
Sandstone Jordan 1,028 312 1956 420 16 M Geologic log available.*
Sandstone do 1,031 278 1944 126 None** PS Geologic log given in

table of logs; anal-
ysis of water given
in table 4. Depth towater while drilling
thru Galena and St.
Peter formations—155 feet.

Dolomite Galena 980 31.01 Apr. 30, 1959 D, S Analysis of water given
in table 4.
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Well
number Owner or tenant

Well construction
Method 
of Uft

Type
Depth
(feet)

Dia
meter

(inches)

Casing

Pump PowerType
Depth
(feet)

93-5-2R1 John Hagensick Dr 96 6 I 97 L K
9 3 - 5 - 4 R 1 Peter Miller Dr 269 6 I 51 L G
93-5-14F1 W. C. Reimer Dr 66 6 I 66 L E93-4-17D 1 Milo Murphy Dr 207 6 I 40 L W
93-5-18K1 Ewald Theise Dr 261 6 I 48 L W
93-4-21D1 Dr. McGrath Dr 196 6 I 25 L E93-4-23EI Elkader City Well 3 Dr (515) 8 I 216 T E

93-5-23E2 Elkader City Well 2 Dr 432 6 I 78 T E
93-4-26FI Carnation Milk Company Dr 225 8 I 96
93-5-30A1 Jerry Liddy Dr 164 6 I 82 L W
93-6-15J1 Fred Orr Dr 303 6 I

I
81 L W

93-6-20H1 F. E. Sharp Dr 313 6 153 L W
93-6-20H2 Melvin Grege r s o n Dr 158 5 I L G
93-6-28F1 A. K. Kraft Dr 220 6
93-6-33C1 Drs. Hall and Halt Dr 125
93-6-34H1 Albert Schuldt Dr 60 6
94-3-SM1 Allen Barnhous e Dr 115 5 I L W
94-3-32R1 Herbert Koopman Dr 84 6 I 45 L E
94-4-5BI Meyer Brothers Dr 380 6 I 23 L W
94-4-15R1 Amvets Club, National Dr 209 6 I 101 T E
94-4-18FI Farmersburg City Well Dr 705 8-6 I 85 T E

94-4-26Q1 L. Schroder Dr 270 6 I 94 L w

94-4-27J1 Albert Haeger Dr 230 5 I L E
94-5-24K1 St. Olaf Creamery Dr 201 6 I 62 T E
94-5-25M1 St. Olaf Town Well 1 Dr 330 6 I T E
94-5-26H1 St.Olaf Town Well 2 Dr 378 8 I 302 T E

91-4-31 Kl Roy Ehlers Dr 212 6 I 12 L E
94-5-34B1 Ames College Farm Dr 382 6 I 36 L E
94-6-5JI Alfred Burans Dr 100 5 1/2 I 28 Ps E
94-6-10KI Mary Olson Dr 143 6 I L E
94-6-11G1 Gunder Cheese Factory Dr 95 6 I T E
94-6-16P1 O.Jacobson Dr 225 5 I L E
95-3-8C1 ArchAdney Dr 125 6 I 12 L E
95-3-15K1 Marquette City Well 2 Dr 442 12-8 I 150 T E

95-3-15K1 Marquette City Well I Dr 585 6 I 180 T E
95-3-16L1 Marquette Stockyard Well Dr 450 I
95-3-16L2 C. M. St. P. & P. R.R. Well 1 Dr 440 20-12 J 90 T E
95-3-16L3 C. M.St. P. &P. R.R. Well 2 Dr 450 8-6 I 150 T E
95-3-16M1 Guy Walke Dr 83 6 I 23 L W
95-3-22QI McGregor City Well 2 Dr 1,006 6-3 C 40
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W E L L S  IN  C L A Y T O N  C O U N TY — Continued

Water-level Pumping data

.Principal water-bearing beds Distance

Altitude below

Character 
of material

Geologic
subdivision

of land 
surface 
(feet)

land
surface
(feel)

Date of 
measurement

Pro
duction
(gpm)

Draw-down (feet)       Use of water     Remarks 

Dolomite do 786 60 1949     D, S    Analysis of water given 
in table 4.

Dolomite do 200 1950     D, S
Dolomite do 752 31 1950 D, S

Dolomite do 200 1950 D, S
Dolomite do 1,020 115 1949     D, S
Dolomite do 90 1949     D, S

Sandstone Jordan 732 Flows 1934 200
M  Geologic log available * ;analysis of wa ter 

given in table 4. 
Well originally drill
ed to 659 feet, then

Sandstone St. Peter

732 Flows 1934

deepened to 1426 
feet, and finally 
plugged back to 
515 feet.

    M       Analysis of water given

Sandstone do 757 36 1951 50
in table 4.

None**                    A       Geologic log available.*
Dolomite Galena 1,022 75 1950                                    D, S Geologic log available *
Dolomite do 1,181 275 1949     D ,S

Dolomite Maquoketa 200 1950     D, S
Dolomite Silurian 143

150

    D, S Analysis of water given
in table 4.

   D, S
Dolomite Maquoketa 25 1957    D, S
Dolomite do 30 1956    D, S

Dolomite Prairie du Chien 56    D, S
Dolomite Galean 995 40 1949    D, S
Dolomite St. Peter 1,060 97 1949    D, S
Dolomite Galena l ,111 60 1949    PS

Sandstone Jordan 985 231 1939 80 5 .6  M Geologic log available*;
analysis of water 
given in table 4. 
Depth to  water while

Sandstone St. Peter

985 125 1958

drilling thru Galena 
and St. P e te r -  
I l l  feet.

Dolomite Galena

1,107 90 1947

St. Peter in 1957; 
original well was 
finished in Galena 
dolomite a t 194 feet, 
and water level was 
75 feet.

Sandstone St. Peter 841 71 1957 50 24                   Ind
Sandstone do 861 191 1927 A        Analysis of water given 

Sandstone do 937 187 1951 55
in table 4.

37                 M        Geologic log available*;
analysis of water 
given in table 4.

Dolomite Galena

918 150 1950

drilling thru Galena 
dolomite—80 feet.     

          D, S
Sandstorm St. Peter 900 180 1949   D, S

Dolomite Maquoketa 35.90 June 27, 1957 10 10              D, S       Geologic log available.*
Dolomite do   D, S
Dolomite Maquoketa 45 32 None **             Ind.
Dolomite Galena   D, SSandstone St. Peter 1,080 60 1950   D, S

Sandstone Dresbach 633 Flows 1950 75 None**        M          Geologic log available*;                                         analysis of water

Sandstone
do

Flows given in table 4.Analysis of water given
Sandstone

do 624
Flows

1917
in table 4.Analysis of water given

Sandstone do 624 Flows 1917 250
in table 4.

  Ind.       Geologic log available.*
Sandstone do 628 Flows 1941                            Ind.      Geologic log available. *
Sandstone Jordan 75 1949   D, S

Sandstone Dresbach 632 Flows 1877 630                       A            Analysis of water given
in table 4. Well 
plugged in May 1951



1 1 4 G E O L O G Y  A N D  G R O U N D - W A T E R  R E S O U R C E S

T A B L E  6. R E C O R D S O F  S E L E C T E D

Well
number Owner or tenant Typo

Depth
(feel)

Well construction

Dia
meter

{inches)

Casing

Method 
of lift

Pump) PowerType
Depth
(feet)

95-3-22Q3 McGregor City Well 3 Dr 520 6-3 I 215
95-3-22Q2 McGregor City Well 4 Dr 502 12-9 I 200
95-3-22R1 McGregor City Well 5 Dr (479) 10 I 282 T E

95-3-22R2 McGregor City Well 6 Dr 116 10 I 90 'I' E

95-3-35PI Pikes Peak State Park Dr 630 6 I 60 Ps E

95-4-22E1 Miller Tavern Dr 51 6 I 27 Ps E
95-4-22L1 Gerald Mielke Dr 49.3 6 J E
95-4-29RI Art Seeland. Dr 86 6 I 18 L E
95-4-31D1 W. H.Johanningmeier Dr 335 6 I 257 L E

95-4-32R1 Milton Miller Dr 380 6 L G
95-5-5R1 Luana City Well Dr 339 6 I 63 T E

95-5-9EI Luana City Well Dr 347 8 I 131 T E
95-5-9N1 Luana Creamery 1...................................... Dr 300 8 I 128 T E
95-5-9N2 Luana Creamery 2 Dr 358 8 I 69 T E
95-5-1IK1 Monona City Well 1 Dr 815 8 I 631 T E

95-5-11K2 Monona City Well 2 Dr 814 10 I 408 T E

95-5-14H1
Clark Redasel Dr 70 6 I

95-5-I4J1 Donald Sabbann Dr 380 6 I
95-5-22G1 Aaron Tieden Dr 98 6 I 20
95-5-23J1 Lavern Garnis Dg 20 36 L E
95-5-25N1 E. L. Moalour Dr 396 6 I
95-5-28J1 C. Johanningmeier Dr 288 6
95-5-29M1 R. Johanninbmeier Dr 104 6
95-6-3B1 Ervin Dickman Dr 107 6 1/4 I 60
95-6-5Q1 Harold Everman Dr 86 6 I L W
95-6-16JI1 W. Mever Dr 65 E
95-6-17Q 1 Fred Williams Dr 99 5 I 50 L W
95-6-22N1 Arthur Balt z Dr 50 6 Ps E
95-6-23D1 Keith Carlson............................................ Dr 145 5 I L W
95-6-26M1 G. H. Koopman Dr 65 6 Ps E
95-6-30F1 E. L. Nelson Dr 274 6 I 72
95-6-3IDI Harry Helders o n Dr 168 5 I L W
95-6-33N1 Selmer Erickson Dr 291 6 I 52 Ps E
95-6-34M1 Owen Hines Dr 140 6 I 88 T E
95-6-35F1 Lee Farmer Dr 205 5 I L W
96-6-32L1 Postville Packing Company Dr 930 10 I 100 T E

96-6-33L1 Postville City Well 2 Dr 1,071 12 I 600 T E
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W E L L S  IN  C LA Y TO N  C O U N TY — Continued

Water-level Pumping data
Principal water-hearing beds

Altitude 
of laud

Dis
tance
below
land Production Draw- Use

Character 
of material

Geologic
subdivision

surface
(feet)

surface
(feet)

Date of 
measurement (gpm)

down
(feet)

of
water Remarks

Sandstone do Flows 1890 A
Sandstone do 625 Flows 1895 400 A Analysis of water given 

in table 4.
Sandstone do 625 Flows 1948 325 12 M Geologic log is given in 

table of logs; anal
ysisof water given 
in table 4. Original 
depth of well was 
645 feet; plugged 
back to 481 feet on 
Oct. 3, 1949, and to 
479 feet on May 26, 
1951.

Dolomite St. Lawrence 638 15 1952 394 18 M Geologic log available*; 
analysis of water 
given in table 4.

Sandstone Jordan 1,134 495 1936 15 15 PS Geologic log is given 
in table of logs; 
analysis of watergiven in table 4.

Sandstone St. Peter 1,020 30 1949 PS
Sandstone do 933 24.45 Oct. 4, 1957 10 D

Dolomite Galena 1,054 40 1949 D. S
Sandstone St. Peter 1,054 D, S Geologic log available*; 

analysis of water 
given in table 4.

Sandstone do 1,090 125.62 Oct. 9, 1957 S
Dolomite Galena 1,137 165 1941 50 None** M Geologic log available*; 

analysis of water 
given in table 4.

Dolomite do 1,134 106 1958 210 7 M Geologic log available.*
Dolomite do 1,147 104 1949 Ind. Geologic log available.*

Dolomite do 111 1937 175 8 Ind. Geologic log available. *Sandstone Jordan 1,216 437 1937 75 M Geologic log available*; 
analysis of water 
given in table 4. 
Depth to water while 
drilling thru Galena 
and St. Peter—
161 feet.

Sandstone do 1,216 427 1932 327 83 M Geologic Jog available*; 
analysis of water 
given in table 4.

Dolomite Galena 1,200 13 A
Sandstone St. Peter 1,180 199.40 June 26, 1957 D, S
Dolomite Galena (?) 55 1957 15 D, S
Dolomite Maquoketa 1,080 4.62 June 27, 1957 S

Sanstone St. Peter 1,120 240 1957 30 100 D, s Geologic log available. *
Sandstone do 1,040 230 1959 D, s

Dolomite Galena 54 1957 D, s
Dolomite Maquoketa 10 D, S Geologic log available.*
Dolomite do 35.02 May 16, 1957 D, s
Dolomite do 8.94 May 16,  1957 D, S

Dolomite Maquoketa D, S
Dolomite do 40 1953 D, S

Dolomite do D, s
Dolomite do 11.75 27, 1957 D
Dolomite Galena 1,165 100 1957 5 D. s Geologic log available. *
Dolomite do D, S
Dolomite do 1,049 230 1956 D, S

Dolomite Galena (?) 1,126 81.67 May 16, 1957 d, s
Dolomite Galena D, S

Sandstone Jordan 1,207 80 1949 340 80 Ind. Analysis of water given 
in table 4. Depth to 
water whiledrilling 
thru 8t. Peter- 
81 feet.

Sandstone do 370 1957 220 80 M Geologic log available.*
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T A B L E  7. M E A SU R E D  G EO LO G IC S E C T IO N S  IN  Q U A R R IE S  IN  
C LA Y TO N  CO U N TY .

Locations Shown in F ig u re  6

Quarry
number Formation Member

 Exposed 
thickness (feet)

Elevation of 
quarry floor (feet)

91-1-26L1Q Galena dolomite Prosser limestone 50 657
91-1-28K1Q do do 30 683
91-2-9P1Q do Dubuque dolomite 5 820

 Stewartville dolomite 20
91-2-18L1Q Kankakee limestone 15
91-2-21H 1 Q Galena dolomite Prosser limestone 45 692
9I-3-2IMl Kankakee limestone 30 1,068
91-4-4K1Q Kankakee limestone 14

E d gewood limestone 21 1,029
91-4-11M1Q Galena dolomite Dubuque dolomite 13
91-4-12M1Q do do 15
91-4-27K1Q Kankakee limestone 27

E dgewood limestone 8 965
91-5-18P1Q Kankakee limestone 29 1,096
91-5-22P1Q Kankakee limestone 15

Edgewood limestone 13
91-5-22Q1Q Edgewood limestone 15
91-5-4H1Q Kankakee limestone 27Edgewood limestone 16
91-6-18Q1Q Hopkinton dolomite 20 1,145
91-5-29C1Q do 22 1,096
92-2-19RIQ Galena dolomite Prosser limestone 42

Decorah shale Ion 17 701
Decorah shale Guttenberg limestone 23

92-2-20G1Q Spechts Ferry 7
P latteville limestone McGregor 24 623

Pecatonica dolomite 12
92-3-20N1Q Galena dolomite Dubuque dolomite 4

S tewartvilledolomite 22
92-3-20B1Q do Dubuque dolomite 9

Stewartville dolomite 14
92-3-35G1Q do Prosser limestone 65 689
92-4-I2FIQ do Dubuque dolomite 8

S tewartvilledolomite 35
92-4-17G1Q do Dubuque dolomite 18 789
92-4-17L1Q do Dubuque dolomite 10

S tewartville dolomite 11 775
92-4-28JIQ do Dubuque dolomite 13

Stewartville dolomite 8 770
92-5-5N1Q Kankakee limestone 25 1,090

Maquoketa shale Elgin limestone 8
92-5-9L1Q Dubuque dolomite 32

Galena dolomite Stewartville dolomite 6
92-5-I0R1Q Kankakee limestone 5

 Edgewood limestone 20
92-5-21E1Q Galena dolomite Dubuque dolomite 25 746

Stewartville dolomite 10
92-5-36C1Q do Dubuque dolomite 20
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TABLE 7. M E A S U R E D  GEOLOGIC SECTIONS IN QUARRIES IN 

CLAYTON COU N T Y — Continued.
Locations Shown in Figure 6.

Quarry 
number Formation Member

Exposed 
thickness (feet)

E levation of 
quarry Hour (feet)

92-5-36D 1 Q M aquoketa shale E lgin limestone 3 750
Galena dolomite Dubuque dolomite 18

92-5-36 D 2 Q Galena dolomite do 24
92-5-36D3Q do do 18
92-6-5C1Q Maquoketa shale Ft. Atkinson dolomite 22 818

C lermont shale 6
92-6-8N 1Q K aukukee limestone 20 1,071
92-5-11Q1Q Maquoketa shale Elgin limestone 8 791

Galena dolomite Dubuque dolomite 12
Pecatonica dolomite 12

93-2-7G1Q Platteville limestone Glenwood shale 3
St. Peter sandstone 85

93-2-29N1Q Galena dolomite Prosser limestone 40 872
93-3-7J1Q do Dubuque dolomite 18
93-3-16B1Q Galena dolomite Prosser limestone 45 816
93-3-16C1Q do do 48 850
93-4-9N1Q do Dubuque dolomite 20 913
93-4-1 4 R 1 do Stewartville dolomite 18
93-4-19Q 1 Q do do 32
93-5-12K1Q do Dubuque dolomite 18 912
93-5-12K2Q Galena dolomite Dubuque dolomite 10

Stewartville dolomite 15
93 - 5-12K 3 Q do Stewartville dolomite 12 806
93-5-14D1Q do Dubuque dolomite 30 885
93-5-16R1Q do do 25
93-5-22P1Q do Stewartville dolomite 10
93-5-27D1Q do do 40 799
93-6-20B1Q Kankakee lim estone 25 1,193
93-6-36P 1Q do 31 1,099
94-3-5L1Q Plattevile  limestone McGregor 19 890

P e catonica dolomite 15
94-3-10P1Q Galena dolomite Prosser dolomite 18

Spechts Ferry 5
 McGregor 25

Platteville limestone Pecatonica dolomite 16 817
94-3-17G1Q Glenwood shale 4

St. Peter sandstone 2
94-3-17L1Q D ecurah shale Ion 10 919
94-4-30M1Q Galena dolomite Dubuque dolomite 30 948
94-4-30M2Q do do 20 968
94-5-1H1Q do do 28
94-5-1J1Q do Dubuque dolomite 25 958

Stewartville dolomite 22
94-5-5P1Q Maquoketa shale. E lgin limestone 32
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T A B L E  7. M E A SU R E D  G EO LO G IC S E C T IO N S  IN  Q U A R R IE S  IN  
C L A Y T O N  C O U N T Y — Continued.

Locations Shown in F ig u re  C.

Quarry
number Formation Member

Exposed 
thickness (feet)

Elevation of 
quarry floor (feet)

94-5-14G1Q Galena dolomite Dubuque dolomite 
Stewartville dolomite

15
10

94-5-25D1Q do Prosser limestone 21
94-5-29L1Q do Dubuque dolomite 16
94-5-30R1Q do do 18 851
94-6-4C1Q Maquoketa shale Ft. Atkinson dolomite 20 993
94-6-9C1Q do Ft. Atkinson dolomite 

Clermont shale
22
3

971

94-6-21C1Q Maquoketa shale 
Galena dolomite

Elgin limestone 
Dubuque dolomite

7
28

94-6-27H1Q Galena dolomite Dubuque dolomite 18
94-4-28D1Q do do 24
9 4 - 6-36F1 Q do do 30 812
95-3-16M1Q Prairie du Chien Oneota dolomite 160 735
95-3-22M1Q St. Peter sandstone 12
95-3-34A1Q do 25 909
95-3-34J 1Q Galena dolomite Prosser limestone 25 692
95-4-21A1Q do do 45 972
95-5-19Q1Q Maquoketa shale Elgin limestone 18
95-5-36A1Q Galena dolomite Dubuque dolomite 13
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T A B L E  8. M E A SU R E D  S E C T IO N S  O F  S E L E C T E D  ROCK 
E X P O S U R E S  IN  C LA Y TO N  C O U N TY

Exposure
number Formation Member

Exposed 
thickness (feet) Elevation (feet)

Dubuque dolomite 11
91-2-21H1E Galena dolomite Ste wartville dolomite 52 757 (top of

P rosser limestone 5 Prosser limestone)

91-3-2J1E do Stewartville dolomite 772 (top of
Prosser limestone Prosser limestone)

Kankakee limestone
Edgewood limestone

Brainard shale 100
91-4-14E1E Maquoketa shale Ft. Atkinson dolomite 19 733 (top of

Clermont shale 14 Galena dolomite)
Elgin limestone 38

Galena dolomite Dubuquedolomite 31

92-2-8L1E
Prosser limestone
Ion 728 (top of

Decorah shale Guttenberg limestone Decorah shale)

Dubuque dolomite 26
Galena dolomite Stewartville dolomite 77

92-2-38 D 1 E Prosser limestone 132 692 (top of
Decorah shale Ion 10 Decorah shale)

Guttenberg limestone 8

92-3-36L1E Galena dolomite Stewartville dolomite 808 (top of
Prosser limestone Prosser limestone)

92-6-3L1E Maquoketa shale Elgin limestone 16 783 (top of
Galena dolomite Dubuque dolomite 1 Galena dolomite)

93-3-22E1E Decorah shale Ion 23 762 (top of Ion)
Guttenberg limestone 27

94-3-3P1E St. Peter sandstone 6 876 (top of St.
Peter sandstone)

94-3-8P1E Prairie du Cldou Willow River dolomite 7 710 (top of 
exposure)

94-6-4C1E Maquoketa shale Ft. Atkinson dolomite 10 922(top of
Clermont shale 9 Clermont)

94-6-35D1 E Elgin limestone 10 852 (top of
Galena dolomite Dubuque dolomite 11 Dubuque dolo

mite)
McGregor
Pecatonica dolomite

95-3-9A1E Glen wood shale 972 (top of St.
St. Peter sandstone Peter sandstone)
Prairie du Chien Willow River dolomite

Pecatonica dolomite
95-3-28P1 E Platteville limestone Glenwood shale 895 (lop of St.

St. Peter sandstone Peter sandstone)
Galena dolomite Prosser limestone 40
Decorah shale 18

Guttenberg limestone 6
9

95-3-29J1E Platteville limestone McGregor 22 898 (top of St.
Pecatonica dolomite 16 Peter sandstone)

5
St. Peter sandstone 44
 Prairie du Chien Willow River dolomite 6
Decorah shale Ion 20

Guttenberg limestone 14
Spechts Ferry 5

95-3-34G1E Platteville limestone McGregor 24 909 (top of St.
Pecatonica dolomite 16 Peter sandstone)
Glenwood shale 4

St. Peter sandstone 15
95-4-21A1E Galena dolomite Prosser limestone 3 952 (top of Ion)

Decorah shale Ion 12
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L O G S O F  S E L E C T E D  W E L L S

L ogs o f  e ig h t  re p re s e n ta tiv e  w ells  in  C lay to n  C o u n ty  a r e  in 
c luded  h e re  to  in d ic a te  th e  c h a ra c te r  o f  p r in c ip a l  rock  fo rm a tio n s  
u n d e rly in g  th e  co u n ty . T h e  lo ca tio n s  o f  th e se  w ells  a r e  sh o w n  on 
p la te  2, a n d  o th e r  d a ta  on  th e se  w ells  a r e  g iv en  in  ta b le  6. M ore  
d e ta ile d  re c o rd s  o f  th e se  a n d  o th e r  w ells  in  th e  c o u n ty  a r e  a v a il
a b le  in  th e  c o o p e ra tiv e  files o f th e  Io w a  a n d  U . S. G eological S u r 
veys a t  Io w a  C ity .

M od ifica tions o f  th e  s t r a t ig r a p h ic  n o m e n c la tu re  a n d  fo rm a -  
tio n a l b o u n d a rie s  on th e  o ld e r sam p le  logs h a v e  been  m ad e  on 
th e  b a s is  o f  c u r r e n t  in te r p re ta t io n s  o f  th e  su b s u rfa c e  geo logy  o f  
th is  p a r t  o f  th e  s ta te , c o m p a riso n  o f  s u r fa c e  a n d  su b s u rfa c e  
sam p le s , a n d  field m ap p in g .

91-2-16A 1. S am p le  log  o f  M illv ille  C re a m e ry  w ell, M illv ille , 
Io w a , in  th e  N W  1/4 N E  1/4 N E  1/4 sec. 16, T . 91 N ., R . 2 W . D rilled  
in  1950 b y  V a rn e r  W ell Co., D u b u q u e , Io w a . A ltitu d e  o f  lan d  
su rfa c e , 638 fe e t. S am p le  s tu d y  b y  R . W . S c rev en s .

T h ick n ess  D e p th
(fe e t) ( fe e t)

Q u a te rn a ry  s y s te m
P le is to cen e  se rie s  

D ep o s its  o f  W isco n sin  s ta g e  (? )
D ep o s its  o f  Io w an  s u b s ta g e  (? )

T ill, b ro w n , ox id ized , u n le a c h e d 10 10
D ep o sits  o f  K a n sa n  s ta g e  (? )

L oess, l ig h t - b r o w n 10 20
D ep o s its  o f  K a n sa n  o r  N e b ra sk a n  s ta g e  

T ill, b ro w n , ox id ized , u n lea c h e d 20 40

O rd o v ic ia n  sy s tem  
M o h aw k ian  se rie s  

P la tte v il le  lim esto n e  
M cG reg o r m em b er

D o lo m ite , d a rk -g ra y  a n d  b u f f ;  som e 
l i m e s t o n e ,  buff, s u b li th o g ra p h ic ; 
a b o u t 10 p e rc e n t  c h e r t ,  yellow  to  
w h ite  5 45

D olom ite , d a rk -g ra y  a n d  b u f f ; no 
c h e r t ;  lim es to n e  m ak e s  u p  a  la rg e  
p a r t  o f  th e  r o c k 10 55
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O rd o v ic ian  sy s te m — C o n tin u ed
L i m e s to n e ,  su b lith o g ra p h ic , g r a y ;  

c o n ta in s  b lack  f o s s i l s 10 65
P e c a to n ic a  d o lo m ite  m em b e r 

D olom ite , o ra n g e  to  b ro w n , fine- to  
m e d iu m -te x tu re d ;  l i m e s t o n e  a s  
above 5 70

D olom ite , b ro w n  to  g ra y , m ed iu m - 
te x tu re d , c o n ta in s  b lack  f o s s i l s 10 80

D olom ite , b ro w n ; a n d  g re e n  s h a le ;  
c o n ta in s  n u m e r o u s  p h o s p h a t i c
no d u les  5 85

G lenw ood sh a le  m em b er 
S h a le , g re e n  5 90

C h azy an  se rie s  
S t . P e te r  s a n d s to n e

S an d , w h ite  to  buff, f ro s te d , c u rv i
l in e a r  to  s u b a n g u l a r ,  m e d i u m 
g ra in e d ;  a b o u t 30 p e rc e n t  g re e n  
sh a le  5 95

S an d , w h ite  to  buff, b eco m in g  finer- 
g ra in e d  to w a rd  b a se  30 125

B e e k m an to w n ia n  se rie s  
P r a i r ie  du  C h ien  fo rm a tio n  

W illow  R iv e r  d o lo m ite  m em b er 
D olom ite , l ig h t-g ra y , v e ry  fin e-tex 

tu re d , in te rm ix e d  w ith  g ra y is h -  
b ro w n , fine-to  m e d iu m -g ra in e d  dol
o m ite ;  c o n ta in s  som e w h ite  to  bu ff 
t r ip o li t ic  a n d  oo litic  c h e r t 5 130 T .D .



1 2 2 G E O L O G Y  A N D  G R O U N D - W A T E R  R E S O U R C E S

91-4-21L 1. S am p le  lo g  o f  th e  D r . D . W . N e w m a n  f a r m  w ell 
n e a r  E dgew ood  in  th e  S W  l /4 N E  1/4|.SW  1/4. sec. 21, T . 91 N ., R . 4  W .
W ell d rille d  in  1951 by  S e a rs la n d  a n d  W in slo w  W ell Co., W a lco tt, 
Io w a . A lt i tu d e  o f  lan d  su rfa c e , 1,167 fe e t. S am p le  s tu d y  by  R . 
W . S crev en .

T h ic k n ess  D e p th
( fe e t) ( fe e t)

Q u a te rn a ry  s y s te m
P le is to ce n e  se rie s  

D ep o s its  o f  W isco n sin  s ta g e  (? )
D ep o s its  o f  Io w a n  ( ? )  s u b s ta g e  

L oess, yellow  to  b u f f 15 15
D ep o s its  o f  K a n sa n  o r  N e b ra sk a  s ta g e  

T ill, ye llow  to  buff, ox id ized  a n d  
leached  15 30

T ill, yellow  to  buff, o x id ized  a n d  
u n leach ed  5 35

T ill, yellow  to  buff, ox id ized  an d  
u n leach ed , p e b b ly 10 45

S ilu r ia n  sy s te m  
N ia g a ra n  se rie s  

H o p k in to n  do lom ite
D o lom ite , ye llow  to  buff, fine- to  

m ed iu m -te x tu re d  30 75
D olom ite , ye llow  to  buff, fine- to  

m e d iu m - te x tu re d ; c o n ta in s  w h ite , 
g r a n u la r  c h e r t  10 85

D olom ite , ye llow  to  buff, fine- to  
m e d iu m -te x tu re d ....................................... 10 95

A le x a n d ria n  se rie s  
K a n k a k e e  lim esto n e

D olom ite , yellow  to  buff, fine- to  
m e d iu m -te x tu re d ;  c h e r t ,  p a r t l y
tr ip o li t ic  10 105

D olom ite , ye llow  to  buff, fine- to  
m e d iu m - te x tu re d ; la rg e  a m o u n ts  o f  
c h e r t ,  p a r t ly  t r i p o l i t i c 30 135

D olom ite , yellow  to  buff, fine- to  
m e d iu m - te x tu re d :  s o m e  c h e r t ,  
w h ite  to  b u f f 10 145
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S ilu r ia n  sy s te m — C o n tin u ed
D olom ite , yellow  to  buff, fine- to  

m e d iu m - te x tu re d ; m in o r  a m o u n ts  
o f  c h e r t  ....................................................... 10 155

D olom ite , yellow  to  buff, fine- to  
m e d iu m - te x tu re d ; a b o u t 30 p e rc e n t  
c h e r t  ............................................................ 10 165

D olom ite , m o stly  g r a y  to  b u ff ;  a b o u t 
15 p e rc e n t  c h e r t ...................................... 10 175

D olom ite , yellow  to  buff, fine- to  
m e d iu m -te x tu re d ;  som e c h e r t ......... 10 185

D olom ite , yellow  to  buff, m ed iu m - to  
c o a r s e - te x tu re d ; som e c h e r t .............. 20 205

D olom ite , yellow  to  buff, som e g ra y  
a n d  a r g i l la c e o u s ...................................... 10 215

D olom ite , yellow  to  b u f f ; c h e r t ,  w h ite  
to  g r a y  w ith  b lac k  specks, p a r t ly  
tr ip o li t ic  ..................................................... 10 225

E d g ew o o d  lim esto n e
D olom ite , b ro w n  to  g ra y , v e ry  a rg i l la 

ceous ............................................................ 30 255

O rd o v ic ian  sy s te m
C in c in n a tia n  s e r ie s  

M aq u o k eta  sh a le  
B r a in a r d  sh a le  m em b er 

S h a le , l ig h t-g re e n , p o w d e ry ; t r a c e  o f  
g ra y , g r a n u la r  d o lo m ite  ..................... 10 265

S h ale , l ig h t-g re e n , s l ig h tly  do lom itic .. 40 305
S h ale , g re e n  a n d  g ra y , s l ig h tly  dolo

m itic  ............................................................ 10 315
S h ale , g ra y , v e ry  s lig h tly  d o lo m itic  .... 20 335
S h ale , g ra y , v e ry  s lig h tly  d o lo m itic ; 

c h e r t ,  w h ite , g r a n u l a r .......................... 10 345
S hale , g ra y , v e ry  s lig h tly  d o lo m itic ; 

no  c h e r t  ....................................................... 20 365
F t .  A tk in so n  d o lo m ite  m em b er 

D o lom ite , g r a y  to  b ro w n , w i th  b lack  
fo ss ils  .......................................................... 10 375

D olom ite , g r a y  to  b ro w n ;  c h e r t , buff, 
g r a n u la r  ..................................................... 10 385

C le rm o n t sh a le  m em b er 
S h a le , g ra y is h -g re e n  ................................. 20 405
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E lg in  lim es to n e  m em b er 
D o lom ite , g r a y i s h - b r o w n ;  l a r g e

a m o u n t o f  g ra y is h -g re e n  s h a l e ......... 10 415
D olom ite , g ra y is h -b ro w n ;  c o n ta in s  a  

m in o r  a m o u n t o f  s h a l e ........................ 20 435
D olom ite , g r a y i s h - b r o w n ;  s h a l e ,  

b ro w n  w ith  b lack  c a rb o n aceo u s  
sp eck s  .......................................................... 20 455

M o h aw k ian  se rie s  
G a len a  d o lo m ite

D u b u q u e  a n d  S te w a rtv ille  do lo m ite  m em bers 
D o lom ite , l ig h t-b ro w n  to  buff, fine- to  

m e d iu m -te x tu re d , w ith  c in n am o n  
sp eck s .......................................................... 45 500

D olom ite , l ig h t-b ro w n  to  buff, fine- to  
m e d iu m -te x tu re d ;  lim esto n e , lig h t-  
buff, f in e - te x tu re d  ................................. 50 550

P ro s s e r  lim esto n e  m em b er 
D o lom ite , l ig h t-b ro w n  to  buff, fine- to  

m e d iu m -te x tu re d ;  c h e r t , bu ff to  
w h ite , g r a n u la r  a n d  som e t r ip o li t ic 10 560

D olom ite , l ig h t-b ro w n  to  buff, fine- to  
m e d iu m -te x tu re d ;  no  c h e r t ................ 10 570

D olom ite , l ig h t-b ro w n  to  buff, fine- to  
m e d iu m - te x tu re d ; w ith  t r a c e  of 
c h e r t ;  lim esto n e , buff, v e ry  fine- 
te x tu re d , w ith  do lom ite  r h o m b s ...... 10 580

D olom ite , l ig h t-b ro w n  to  buff, fine- to  
m e d iu m - te x tu re d ; lim esto n e , buff, 
v e ry  f in e - te x tu re d , w ith  do lom ite  
rh o m b s  ....................................................... 10 590

L im esto n e , buff, v e ry  fin e -te x tu re d , 
w ith  do lom ite  r h o m b s .......................... 10 600

L im esto n e , buff, v e ry  f in e - te x tu re d ; 
som e c h e r t ,  w h ite , g r a n u la r  an d  
tr ip o li t ic  ..................................................... 10 610

D olom ite , lig h t-b u ff , fine- to  m ed iu m - 
te x tu re d  ; c h e r t ,  w h ite , t r ip o li t ic  .... 20 630

L im esto n e , lig h t-b u ff, v e ry  fin e-tex 
tu re d , w ith  d o lo m ite  r h o m b s .............. 10 640
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L im esto n e , lig h t-b u ff, v e ry  fine-tex - 
t u r e d ; m in o r  a m o u n t o f  c h e r t ......... 20 660

L im esto n e , lig h t-b u ff, v e ry  fine-tex 
tu r e d ;  m u ch  c h e r t ................................. 10 670

L im esto n e , lig h t-b u ff, v e ry  fin e-tex 
tu re d  ; no  c h e r t ......................................... 10 680

D e c o rah  sh a le  
Io n  m em b er

L im esto n e , b u ff-g ra y  to  b ro w n , very  
f in e -te x tu re d , f ra g m e n ta l  .................. 20 700

G u tte n b e rg  lim esto n e  m em b er 
L im esto n e , bu ff to  b ro w n , v e ry  fine- 

te x tu re d , p a r t ly  f r a g m e n t a l .............. 12 712
P la tte v il le  lim esto n e  

S p e c h ts  F e r r y  m em b er 
S h a le , g re e n is h -g ra y , so ft, c h u n k y ; 

som e lim esto n e , bu ff to  b ro w n , v e ry  
f in e - te x tu re d  ............................................. 11 723

M cG reg o r m em b er
L im esto n e , g r a y  to  b u ff-b ro w n , f r a g 

m en ta l, v e ry  fine- to  f in e -g ra in ed  .... 22 745
P e c a to n ic a  d o lo m ite  m em b er 

D o lom ite , b u ff to  g ra y , f in e -g ra in ed , 
m o ttle d  ....................................................... 10 755

L im esto n e , g r a y  to  buff, v e ry  fine
g ra in e d , w ith  b lack  ca rb o n aceo u s  
fo s s i ls ;  do lom ite , bu ff to  g r a y  to  
m o ttle d  ....................................................... 5 760

G len w ood sh a le  m em b er
S an d s to n e , c u rv il in e a r  to  s u b a n g u la r , 

f ro s te d  g r a in s ;  la rg e  a m o u n t o f 
do lom ite , b u ff to  g r a y .......................... 5 765

S h ale , g re e n , la m in a te d ; t r a c e  o f 
s a n d s to n e ;  m uch  do lom ite , b u ff to  
g ra y , m o ttle d  ........................................... 5 770

S h ale , g re e n , c h u n k y ................................. 5 775

C h azy an  se rie s  
S t. P e te r  s a n d s to n e

S an d s to n e , c u rv i l in e a r  to  s u b a n g u la r , 
f ro s te d  g ra in s , m ed iu m - to  fine
g ra in e d  ....................................................... 55 830
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B e e k m an to w n ia n  se r ie s  
P r a i r ie  du  C h ien  fo rm a tio n  

W illow  R iv e r  do lom ite  m em b er 
C h e r t, w h ite  to  g r a y  a n d  buff, m o ttled , 

g r a n u la r ,  o o litic  a n d  tr ip o li t ic , 
som e san d , m ed iu m - to  f in e -g ra in ed 5 835

D olom ite , g r a y  to  w h ite , fine s ilty  
t e x tu r e ;  c h e r t ,  w h ite  to  g r a y  a n d  
b u f f ;  sh a le , h a rd , w ax y , g re e n , 
la m in a te d  .................................................. 10 845

D olom ite , g r a y  to  w h ite , s i l ty  tex tu i-e 10 855
D olom ite , g r a y  to  w h i t e ; c h e r t ,  w h ite  

to  g r a y  a n d  buff, p a r t ly  t r ip o l i t ic ;  
t r a c e  o f  fine s a n d .................................... 10 865

R o o t V a lley  s a n d s to n e  (? )  m em b er 
S a n d s to n e , a n g u la r  to  su b ro u n d e d , 

f ro s te d , fine- to  m e d iu m -g ra in e d ; 
la rg e  a m o u n t o f  d o lo m ite ; t r a c e  o f 
c h e r t  ............................................................ 10 875 T .D .
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91-6-27L 1. S am p le  lo g  o f  th e  G oodrich  f a r m  w ell n e a r  S t ra w 
b e r ry  P o in t  in  th e  S E 1/4N E 1/4S W 1/4 sec. 27, T . 91 N ., R . 6 W  
D rilled  in  1946 b y  V a rn e r  W ell Co., D u b u q u e , Io w a . A ltitu d e  of 
lan d  su rfa c e , 1,119 fe e t. S am p le  s tu d y  b y  M . C. P a r k e r .

Thick n e ss  D ep th

Q u a te rn a ry  (? )  sy s te m
U n d if fe re n tia te d  re s id u u m

C h e rt, w h ite , w e a th e re d  to  u n w e a th 
e re d  ; re s id u a l c lays, re d  a n d  g reen ..

( fe e t)  

 25

( fe e t)

25

S ilu r ia n  sy s te m
A le x a n d r ia n  se r ie s

K a n k a k e e  lim esto n e  
C h e r t, ye llow  to  ta n , o p a q u e ; dolo

m ite , h a rd , ye llow  to  buff, g r a n u l a r : 
r e d  re s id u a l  c l a y ..................................... .  5 30

C h e r t, p a r t ly  t r i p o l i t i c ; dolom ite, 
yellow  to  buff, g r a n u la r ;  r e d  re s id 
u a l c lay  ...................................................... 5 35

C h e r t, ye llow  to  ta n , m u ch  o f  th is  is 
t r ip o l i t ic ;  d o lo m ite ; red  r e s id u a l 
c lay  ............................................................. 5 40

C h e r t, ye llow  to  t a n ; do lom ite , ye llow 
ish -g ra y , c ry s ta ll in e  ............................  5 45

D olom ite , y e llo w ish -g ray , c ry s ta ll in e ; 
c h e rt , t r i p o l i t i c ........................................  5 50

D olom ite , y e l l o w i s h - g r a y ;  c h e r t ,  
w h ite  to  yellow , opaque, p a r t l y  
t r ip o l i t i c ; re d  re s id u a l c l a y ................  5 55

D olom ite , y e llo w ish -g ray , c ry s ta ll in e  
t r a c e  o f  c h e r t , w h ite  to  yellow, 
op aq u e  .........................................................  5 60

D olom ite , yellow  to  ta n , m ed iu m - tc 
c o a r s e - te x tu re d ; m uch  c h e rt , w h ite , 
t r i p o l i t i c ,  a n d  y e l l o w  t o  g r a y ,  
op aq u e  ......................................................... . 1 5 75

D olom ite , yellow  to  ta n , m ed iu m - tc 
c o a r s e - t e x t u r e d ; c h e r t ,  c h a lk y ,  
w h ite  a n d  o paque , c o n c h o id a l...........  20 95
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D olom ite , c re a m  to ta n , g r a n u la r ;  
m in o r  a m o u n t o f  c h e r t ........................ 20 115

D olom ite , c re a m  to  ta n , g r a n u la r ;  
la rg e  a m o u n t o f  c h e r t , ch a lk y , 
w h ite , o p aq u e  ........................................... 10 125

D olom ite , g r a y  to  ta n , dense , p y r i t ic ;  
t r a c e  of c h e rt , w h ite , o p a q u e ........... 5 130

D olom ite , g r a y  to  t a n ............................... 10 140
D olom ite , ye llow  to  ta n , c ry s ta l l in e ;  

som e c h e rt , w h ite  to  b ro w n , opaque, 
con ch o id a l .................................................. 10 150

D olom ite , ye llow  to  ta n , c ry s ta llin e , 
p o r o u s ; c h e r t ,  w h ite  to  b r o w n ......... 5 155

D olom ite , ye llow  to  t a n ; t r a c e  o f  c h e r t , 
w h ite  to  b r o w n ......................................... 10 165

E d g ew o o d  lim es to n e
D olom ite , l ig h t-g ra y  to  ta n , dense, 

p y r i t ic ;  t r a c e  o f  c h e r t , w h ite  to  
b ro w n , co n ch o id a l ................................. 10 175

D olom ite , l ig h t-g ra y  to  ta n , d e n se ; 
m in o r  a m o u n t o f  c h e r t , w h ite , 
op aq u e  a n d  t r i p o l i t i c ............................ 20 195

D olom ite , l ig h t-g ra y  to  ta n  a n d  g ra y  
to  g re e n ish -g ra y , co a rse , g r a n u la r ,  
a rg il la c e o u s ;  t r a c e  o f  c h e r t , w h ite , 
o p aq u e  a n d  t r i p o l i t i c ............................ 5 200

O rd o v ic ia n  sy s tem  
C in c in n a tia n  s e rie s  

M aq u o k e ta  sh a le  
B r a in a r d  sh a le  m em b er 

S h a le , g r a y  a n d  g re e n , do lom itic , no 
s t r u c tu r e  ..................................................... 15 215 T .D .
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92-2-17L 1. S am p le  log  f o r  G u tte n b e rg  c ity  w ell 2 a t  th e  c e n te r  
o f  th e  e a s t  line  o f  th e  N E 1/4,S W 1/4 sec. 17, T . 92N ., R . 2 W .
D rilled  in  1937 by  C. W. V a rn e r , D u b u q u e , Iow a. A ltitu d e  o f 
lan d  s u rfa c e , 625 fe e t. S am p le  s tu d y  by  E . H . Scobey.

T h ic k n ess  D e p th
( fe e t) ( fe e t)

Q u a te rn a ry  sy s tem  
R e c e n t d ep o s its

Soil, b ro w n , s ilty  ......................................... 8 8

O rd o v ic ian  sy s tem  
C h azy an  se rie s

S t. P e te r  s a n d s to n e
S an d s to n e , g r a y  a n d  yellow , m ed ium - 

to  fin e -g ra in ed , f ro s te d  g r a i n s ......... 37 45
S an d s to n e , q u a rtz , m ed iu m -g ra in e d , 

s u b a n g u la r  to  c u r v i l i n e a r ................... 10 55
S an d s to n e , a s  a b o v e ; m u ch  dolom ite , 

l ig h t-g ra y  to  buff, g r a n u la r ;  som e 
c h e rt , oo litic , a n d  w h ite  to  opaque.... 5 60

B e e k m a n to w n ia n  se rie s  
P r a i r ie  du  C h ien  fo rm a tio n  

W illow  R iv e r  d o lo m ite  m em b er 
D o lo m i t e ,  l i g h t - g r a y ,  m e d i u m -  

te x tu r e d ;  c h e rt , w h ite , o p a q u e ;  
sa n d s to n e , m ed iu m -g ra in e d  .............. 10 70

D olom ite , l ig h t-c re a m  to  g ra y , a r e n a 
ceous ; t r a c e  o f  sa n d s to n e , m ed iu m 
g ra in e d  ....................................................... 10 80

D olom ite , lig h t-c re a m  to  g r a y ;  som e 
c h e r t ,  w h ite  to  l ig h t-g ra y , opaque.... 5 85

D olom ite , lig h t-c re a m  to  g ra y , a re n a 
ceous ............................................................ 10 95

D olom ite , lig h t-c re a m  to  g r a y ;  t ra c e s  
o f  iro n  .......................................................... 20 115

D olom ite , l ig h t-c re a m  to  g r a y ;  m in o r  
a m o u n t o f  c h e r t ;  t r a c e  o f  san d , 
m e d iu m -g ra in e d , f r o s t e d ..................... 5 120

R o o t V a lley  s a n d s to n e  m em b er 
D olom ite , l ig h t-c re a m  to  g r a y ;  c h e rt, 

o o litic  a n d  s a n d y ; sa n d , f ro s te d , 
m e d iu m -g ra in e d  ...................................... 10 130
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D olom ite , l ig h t-c re a m  to  g r a y ;  t r a c e  
o f  c h e rt , w h i t e ; sa n d s to n e , m ed iu m -
g r a in e d ;  sh a le , l ig h t - g r e e n ................ 10 140

O n eo ta  d o lo m ite  m em b e r 
D o lom ite , lig h t-c re a m  to  g ra y , dense, 

c o a rs e ly -c ry s ta l l in e ; som e sh a le , 
l ig h t -g r e e n ; t r a c e  o f  s a n d ................... 10 150

D olom ite , c re a m  to  d ra b , p o r o u s ......... 20 170
D olom ite , c re a m  to  d ra b , p o r o u s ; som e 

c h e r t ,  w h i t e ................................................ 10 180
D olom ite , lig h t-c re a m  to  w h i t i s h -  

g ra y , g r a n u la r ,  p o r o u s .......................... 30 210
D olom ite , l ig h t  to  d ra b , dense , p o r o u s ; 

c h e r t ,  w h ite , d e n s e ................................. 10 220
D olom ite , a s  a b o v e ; tra c e  o f  c h e r t ...... 55 275
D olom ite , l ig h t-g ra y , g r a n u la r ,  p o ro u s 25 300
D olom ite , l ig h t-g ra y , m e d iu m -h a rd , 

g r a n u la r ,  p o r o u s ; som e c h e rt , w h ite 5 305
D olom ite , l ig h t-g ra y , g r a n u la r ;  t r a c e  

o f  c h e r t , w h i t e ......................................... 5 310
D olom ite , l ig h t -g r a y ;  sa n d y , d e n se ; 

s a n d sto n e , q u a r tz , m e d iu m -g ra in e d 5 315
D olom ite , l ig h t-g ra y , sa n d y , t r a c e  o f  

sa n d s to n e , m e d iu m -g ra in e d  .............. 5 320
D o lo m ite  a n d  sa n d s to n e , a s  a b o v e ; 

sh a le , g re e n , no  s t r u c t u r e ................... 5 325
D olom ite , l ig h t-d ra b  g r a y ,  s a n d y ,  

d e n se ; sa n d s to n e , q u a r tz , f ro s te d , 
m e d iu m -g ra in e d  ...................................... 30 355

C a m b ria n  sy s te m
S t. C ro ix an  se rie s  

J o rd a n  sa n d s to n e
S a n d s t o n e ,  d o l o m i t i c ,  m e d i u m - 

g ra in e d , f r o s t e d ; som e do lom ite , 
l ig h t-g ra y , s a n d y  .................................... 5 360

S a n d s to n e , do lom itic , f ro s te d  g ra in s , 
m o s t l y  c u r v i l i n e a r ,  m e d i u m - 
g ra in e d  ; m in o r  a m o u n t o f  do lom ite , 
ligh t-gr-ay , s a n d y  .................................... 10 370

S an d s to n e , do lom itic , m ed iu m -g ra in e d 5 375
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C a m b ria n  sy s te m — C o n tin u ed
S a n d s to n e , n o n d o lo m itic , m e d i u m -

g ra in e d , f ro s te d , m o stly  c u rv il in e a r 55 430
S t. L a w re n c e  fo rm a tio n

D olom ite , l ig h t-g ra y , line- to  m ed iu m -
g ra in e d , g r a n u l a r .................................... 5 435 T .D .



132 G E O L O G Y  A N D  G R O U N D - W A T E R  R E S O U R C E S

92-6-3N 1. S am p le  log o f  V olga to w n  w ell in  th e  S W  1/4.SW  1/4 
S \V '/|. sec. 3, T . 92 N ., R. 6 W. D rille d  in  1957 by T h o rp e  W ell 
Co., D es M oines, Iow a. A lti tu d e  o f  land  su rfa c e , 828 fee t. 
S am p le  s tu d y  by  R. C. N o rth u p .

Thick n ess D ep th
(feet) ( fe e t)

Q u a te rn a ry  sy s tem  
P le is to cen e  se r ie s  

U n d iffe re n tia te d
Loess, yellow , n o n c a lc a re o u s .................. 5 5

O rd o v ic ian  sy s tem  
C in c in n a tia n  se r ie s  

M aq u o k e ta  sh a le
E lg in  lim esto n e  m em b er 

D olom ite , buff, finely sac ch a ro id a l, 
a rg illa c e o u s  ................................................  :30 35

S hale , g ra y  to  g re e n ish -b ro w n , v e ry  
do lom itic  ........... ......................................... 15 50

M o h aw k ian  se r ie s  
G a len a  do lom ite

D ub u q u e  an d  S te w a r tv il le  do lom ite  m em bers 
L im esto n e , l ig h t-g ra y  to  c ream , fine- 

te x tu re d , c in n am o n  sp e c k s : w ith  
m in o r a m o u n t ol' ta n  d o lo m ite ......... :20 70

D olom ite , lig h t-c re a m  to  ta n , m ed iu m - 
to  f in e - te x tu re d ; t r a c e  o f  w h ite  
lim esto n e  c o n t a i n i n g  d o l o m i t e  
rh o m b s  .......................................................  :30 100

P ro s s e r  lim esto n e  m em b er 
L im esto n e , c ream , f in e - te x tu red , w ith  

em bedded  do lom ite  rh o m b s ;  som e 
ta n  do lom ite  a n d  t ra c e  o f  g ra y is h -  
w h ite  c h e r t  ................................................  :35 135

L im esto n e , c ream , fin e -te x tu red , som e 
c h e r t  ............................................................  •10 175

L im esto n e , c ream , f in e - te x tu re d ; w ith  
t r a c e  o f  c h e r t  ...........................................  :30 205

L im esto n e , c ream , f in e - te x tu re d ; dolo
m ite , ta n , f in e - g ra in e d ..........................  :20 225 T .D .
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93-4-7A 1. S am p le  lo g  o f  C lay to n  C o u n ty  H om e well in  N E  1/4 
N E  1/4. sec. 7 , T . 93 N ., R . 4 W . D rilled  b y  H o eg  a n d  A m es, L in 
coln, Io w a . A ltitu d e  o f  lan d  s u rfa c e , 1,031 fe e t. S am p le  s tu d y  
by  S. E . H a r r i s ,  J r .

T h ic k n ess  D e p th
( fe e t) ( fe e t)

Q u a te rn a ry  sy s tem
U n d if fe re n tia te d  d ep o s its

L oess, ta n , n o n c a lc a re o u s ........................ 5 5

P le is to cen e  se rie s
D e p o s its  o f  K a n s a n  o r  N e b ra sk a n  s ta g e

T i l l ,  y e l l o w i s h - b r o w n ,  o x i d iz e d ,
leached  .......................................................... 10 15

T ill, b ro w n , ox id ized , le a c h e d ................ 15 30

O rd o v ic ian  sy s te m
C in c in n a tia n  s e rie s

M aq u o k eta  sh a le
E lg in  lim esto n e  m em b e r

S hale , y e llo w ish -g ra y , u n ifo rm  w ith
sa n d  g ra in s  th ro u g h o u t  ..................... 5 35

M o h aw k ian  se rie s
G a len a  do lom ite

D u b u q u e  a n d  S te w a rtv ille  do lo m ite  m em b ers
D olom ite , yellow , fin e -te x tu re d , fo ssil-

i f e r o u s ,  p h o s p h a t i c ;  l im e s t o n e ,  
l ig h t-b ro w n , fine- to  m ed iu m -tex 
tu re d  ............................................................ 5 40

L im esto n e , d r a b  to  yellow , v e ry  fine-
te x tu re d , d en se  .........................................

D o lom ite , yellow , f in e -g ra in e d ; lim e-
5 45

sto n e , d r a b  to  yellow , v e ry  fine- 
te x tu re d  ....................................................... 10 55

L im esto n e , y e llo w ish -g ray , fine- to
m e d iu m - te x tu re d ; do lo m ite  c ry s ta ls  
p r e s e n t  ....................................................... 5 60

D olom ite , c re a m  to  g ra y , fine- to
m e d iu m -te x tu re d ;  som e lim esto n e , 
y e llo w ish -g ra y  ......................................... 30 90
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O rd o v ic ian  sy s te m — C o n tin u ed
D olom ite , c ream  to  g ra y , fine- to  

m e d iu m -te x tu re d ; lim estone , lig h t- 
c re a m  w ith  do lom ite  g r a i n s .............. 40 130

P ro s s e r  lim esto n e  m em b er
D olom ite , c ream  to  buff, fine- to  

m e d iu m -te x tu re d , g ra y  s p o ts ;  lim e
sto n e , c ream , fin e - te x tu red  ; c h e r t ,  
w h ite  to  g ra y , t r i p o l i t i c ........................ 25 155

L im esto n e , c r e a m ,  f i n e - t e x t u r e d ,  
p a r t ly  d u s ty , w ith  do lo m ite  g r a in s ;  
som e do lom ite , c ream  to  b u ff ; t r a c e  
o f  c h e r t ,  l ig h t-g ra y , concho idal, dull 5 160

L im esto n e , l ig h t-g ra y  to  buff, fo ss il-  
ife ro u s , w ith  do lom ite  g r a in s ;  som e 
c h e rt, c re a m  to  g r a y ............................... 10 170

L im esto n e , l ig h t-g ra y  to  c ream , d u s ty , 
f in e - te x tu red , w ith  d a r k e r  fo ssil- 
i fe ro u s  f r a g m e n ts  ................................. 20 190

L im esto n e , l ig h t-g ra y  to  c ream , line- 
te x tu re d  ; c h e r t ,  l ig h t-g ra y  to  yel
low, o p aq u e  to  s u b tra n s lu c e n t  ......... 5 195

L im esto n e , l ig h t-g ra y  to  c ream , fine- 
te x tu re d  ; t r a c e  o f c h e r t  ..................... 5 200

D olom ite , yellow , w ith  g ra y  s p o ts ;  
lim esto n e  l ig h t-g ra y , f in e - te x tu re d ; 
c h e r t  ............................................................ 10 210

D o lom ite  an d  lim estone , f in e - te x tu re d 10 220
L im esto n e , l ig h t y e llo w ish -g ra y , fine- 

te x tu re d  ....................................................... 10 230
L im esto n e , y e l l o w i s h - g r a y ;  som e 

c h e r t ,  ligh t-y ello w , c o n c h o id a l ,  
o p aq u e  .......................................................... 10 240

L im esto n e , l ig h t  y e llo w ish -g ra y , g ra y  
sp o ts , f in e - te x tu re d  ............................... 15 255

D eco rah  sh a le  
Io n  m em b er

L i m e s t o n e ,  l i g h t - g r a y ,  m e d i u m -  
te x tu re d , fo s s il ife ro u s  ; som e g re e n  
sh a le  f r a g m e n ts  ...................................... 20 275
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O rd o v ic ian  sy s te m — C o n tin u ed

G u tte n b e rg  lim es to n e  m em b er 
L im esto n e , v e ry  l ig h t-g ra y  to  yellow , 

v e ry  f in e - te x tu re d ; som e b ro w n  
s h a l e ............................................................... 10 285

P la tte v il le  lim es to n e  
S p e c h ts  F e r r y  m em b er 

S h a le , g re e n , fo ss ilife ro u s , b locky  to  
fissile  ............................................................ 10 295

S h ale , v e ry  l ig h t-g ra y , s o f t ..................... 5 300
M cG reg o r m em b er

L im esto n e , g ra y , m ed iu m - to  fine- 
te x tu re d , som e g r a n u l a r ..................... 5 305

L im esto n e , l ig h t-g ra y , v e ry  fine- 
te x tu re d  to  l i t h o g r a p h i c ,  g r a y
sp o ts , f o s s i l i f e r o u s ................................. 20 325

P e c a to n ic a  d o lo m ite  m em b er 
D olom ite , yellow  to  buff, fine- to  

m e d iu m -te x tu re d , w ith  g r a y  sp o ts .. 15 340
G lenw ood sh a le  m em b e r 

S h a le , g re e n , fissile , som e p y r i t e ......... 8 348

C h azy an  se rie s  
S t. P e te r  s a n d s to n e

S a n d s to n e , q u a r tz , f ro s te d , c u rv il in e a r  
to  su b a n g u la r , c a lc a re o u s  cem en ted , 
p y r i te  n e a r  t o p .........................................   107 455

S h ale , lig h t-g re e n , v e ry  f in e -g ra in ed , 
s o a p y ; t r a c e  o f  do lom ite , lig h t-y e l
low , v e ry  f in e - te x tu r e d ........................ 5 460

B e e k m a n to w n ia n  se rie s  
P r a i r ie  d u  C h ien  fo rm a tio n  

W illow  R iv e r  o r  O n eo ta  d o lo m ite  m em b er
S an d s to n e , q u a r tz , f ro s te d  g ra in s , 

w ith  p y r i te ;  sh a le , l i g h t - g r e e n ;  
som e c h e rt , w h ite , s u b v i t r e o u s ......... 5 465

D olom ite , l ig h t-y e llo w , v e r y  f i n e -  
te x tu re d  ; t r a c e  o f  sh a le , g re e n , 
w a x y ; c h e r t ,  w h i t e ................................. 30 495

D olom ite , g ra y , fine- to  m ed iu m - 
t e x tu r e d ;  t r a c e  o f  c h e r t ,  w h i t e ...... 5 500
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O rd o v ic ian  sy s te m — C o n tin u ed
D olom ite , l ig h t-  to  m e d iu m -g ra y , fine- 

te x tu re d ;  som e sa n d s to n e , f ro s te d , 
s u b a n g u la r  to  c u rv ilin e a r , w h ite ;  
t r a c e  of c h e r t  ........................................... 20 520

D olom ite , b u ff-g ray , f in e - te x tu re d , 
s i l t v ; t r a c e  o f s a n d s to n e  ..................... 15 535

D olom ite  an d  san d s to n e , a s  ab o v e ; 
som e c h e rt, w h ite  to  l ig h t-g ra y , 
concho idal .................................................. 10 545

D olom ite , b u ff-g rav , f in e - te x tu re d ; 
c h e r t, w h i t e ................................................ 10 555

D olom ite , buff, f in e - te x tu re d ; som e 
c h e rt, w h ite  to  g ra y , specked  w ith  
p y r i t e ; t ra c e  o f  s a n d s to n e .................. 40 505

D olom ite , lig h t-b u ff, fine- to  m ed ium - 
te x tu re d  ; s a n d s to n e  a n d  c h e r t ......... 5 600

D olom ite , lig h t-b u ff, fine- to  m ed ium - 
te x tu re d  ; t ra c e  o f  c h e r t ....................... 40 640

D olom ite , l ig h t-b u ff ; c h e r t ,  w h ite  to 
b ro w n , opaque, som e t r i p o l i t i c ......... 10 650

C a m b ria n  sy s tem  
S t. C ro ix an  se r ie s  

J o rd a n  sa n d s to n e
D olom ite , l ig h t-b u f f ; sa n d s to n e , fine- 

g ra in e d , f ro s te d  g ra in s  ....................... 20 670
S an d s to n e , w h ite , f ro s te d  g ra in s ,  sub - 

a n g u la r  to  c u r v i l in e a r ; cem en ted  by 
s ilic a  an d  d o lo m ite ................................. 00 730

S an d s to n e , a s  a b o v e ; do lom ite , c ream - 
buff, v e ry  sa n d y , fine- to  m ed ium - 
te x tu re d  ....................................................... 10 740

S an d s to n e , w h ite , f ro s te d  g ra in s ,  sub - 
a n g u la r , b eco m in g  m o re  a n g u la r  
below  ............................................................ 30 770

S t. L aw ren c e  fo rm a tio n
S an d s to n e , g ra y ish -b ro w n , w ith  m uch 

den se  do lom itic  c e m e n t ....................... 10 780 T .D .
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95-3-22R 1. S am p le  log o f  M cG reg o r c ity  w ell 5 loca ted  in  
S E  1/4 S E  1/4 sec. 22, T . 95 N ., R . 3 W . W ell d r ille d  in  1948 b y  
L a y n e -W e s te rn  Co., A m es, Io w a . A ltitu d e  lan d  s u rfa c e , 625 fe e t. 
S am p le  s tu d y  b y  M . C. P a r k e r .

T h ic k n ess  D e p th
( fe e t) ( fe e t)

Q u a te rn a ry  sy s te m
P le is to ce n e  se rie s

D ep o s its  o f  la te  W isco n sin  (? )  s ta g e
S ilt, san d y , yellow  to  b r o w n ................... 20 20

C a m b ria n  sy s te m  
S t. C ro ix an  se rie s  

S t. L a w re n c e  fo rm a tio n
D olom ite , ye llow  to  t a n ; som e w e a th 

e red  q u a r tz  a n d  l im e s to n e ................... 5 25
D olom ite , yellow  to  ta n , s a n d y ; san d , 

m ed iu m -g ra in e d , f ro s te d , w ith  dolo
m itic  c e m e n t ..........................................................5 30

D olom ite , ye llow  to  ta n , s a n d y ;  tra c e  
o f  c h e r t ,  w h ite , o p a q u e ........................ 5 35

N o  s a m p l e ....................................................... 5 40
D olom ite , pa le -yellow  to  p in k , v e ry  

san d y , d e n se ; sm a ll a m o u n t o f  t r i -  
p o litic  c h e r t ................................................ 10 50

D olom ite , pa le-yellow  to  p in k , v e ry  
sa n d y , d e n s e ; w h ite  c h e r t ................... 5 55

D olom ite , pa le -yellow  to  p in k , v e ry  
san d y , d e n s e ; n o  c h e r t .......................... 10 65

D olom ite , pa le -yellow  to  p in k ;  som e 
w h ite  c h e r t  ................................................ 10 75

S a n d s to n e , q u a r tz , co a rse , c u rv ilin e a r , 
f r o s t e d ; s i l t  o r  fine sa n d , m icaceous, 
w ith  d o lo m itic  c e m e n t .......................... 5 80

D o lo m i t e ,  t a n ,  m e d i u m -  t o  f i n e -  
te x tu re d , s a n d y ;  s a n d s to n e , q u a rtz , 
f ro s te d  g r a i n s ........................................... 5 85

D o lo m i t e ,  t a n ,  m e d i u m -  t o  f i n e -  
te x tu re d  ; m u ch  p y r i t e .......................... 5 90

D olom ite , l ig h t-g ra y , san d y , fine- 
te x tu re d  ; som e g la u c o n i te ; t r a c e  o f  
p y r i t e ............................................................ 5 95
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O rd o v ic ian  sy s te m — C o n tin u ed

D olom ite , ta n  to  buff, f in e - te x tu red , 
g ra n u la r ,  s a n d y ;  w ith  a  li tt le  p y r i te 15 110

D olom ite , ta n  to  lig h t-g ra y , m ed ium - 
f in e - te x tu red , g r a n u la r ;  som e g la u 
co n ite  ............................................................ 15 125

D olom ite , l ig h t-g ra y , sa n d y , g r a n u la r 15 140
F ra n c o n ia  s a n d s to n e

S a n d s t o n e ,  l i g h t - g r a y ,  m e d iu m -  
g ra in e d , f ro s te d , do lom itic , g la u 
co n itic  .......................................................... 10 150

S a n d s t o n e ,  l i g h t - g r a y  to  c r e a m ,  
f ro s te d , fin e-g ra in ed , a rg illac eo u s , 
do lo m ite  cem en t, g la u c o n i t ic .............. 50 200

D olom ite , l ig h t-g ra y  to  yellow , san d y , 
s ilty , f in e - te x tu red , g la u c o n i t ic ......... 45 245

D olom ite , ta n ,  co a rse ly  c ry s ta llin e , 
dense , san d y , s i l ty  ................................. 10 255

D olom ite , ta n , co a rse ly  c ry s ta ll in e , 
den se , s a n d y ; sa n d s to n e , w h ite  w ith  
fe w  p in k  g ra in s ,  fro s te d , c u rv i
l in e a r  to  s u b a n g u la r ............................... 15 270

D re sb ach  g ro u p
G alesv ille  s a n d s to n e

S an d s to n e , co a rse , fro s te d , p itte d , 
w h ite  w ith  som e g ra y , c u rv il in e a r  
to  s u b r o u n d e d ........................................... 30 300

S an d s to n e , w h ite  to  buff, m ed iu m - to  
fin e -g ra in ed , s u b a n g u la r  to  su b 
ro u n d e d  ....................................................... 60 360

N o s a m p l e ....................................................... 10 370
S an d s to n e , w h ite , m e d iu m -g ra in e d  

w ith  som e fine g ra in s ,  f ro s te d , w ith  
fe w  d a rk  g r a i n s ...................................... 40 410

E a u  C la ire  s a n d s to n e  
S an d s to n e , w h ite , m e d iu m -g ra in e d ; 

som e do lom itic  c e m e n t .......................... 10 420
S an d s to n e , v e ry  fin e -g ra in ed , f ro s te d , 

c u rv ilin e a r , w ith  do lo m itic  ce m e n t; 
sh a le , g ra y , fissile, h a rd , s i l t y ........... 50 470

S hale , red  to  g re e n , san d y , g lau co 
n i t ic ;  sa n d s to n e , v e ry  fin e-g ra in ed 10 480
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O rd o v ic ian  sy s te m — C o n tin u ed
S an d s to n e , f in e -g ra in ed , s u b a n g u la r , 

c lea r, loosely  cem en ted , d o lo m itic ; 
sh a le , g re e n  to  g ra y , f i s s i l e ................ 15 495

S a n d s to n e , a s  a b o v e .................................... 5 500
S an d s to n e , f in e -g ra in ed , a rg illa c eo u s  

in  p a r t .......................................................... 5 505
S an d s to n e , fine- to  m e d iu m -g ra in e d , 

su b a n g u la r , p a r t ly  f ro s te d , v e ry  a r 
g illaceo u s  .................................................. 25 530

M t. S im on  s a n d s to n e
S an d s to n e , w h ite  to  o ra n g e  to  re d  

g ra in s ,  a n g u la r  to  c u rv il in e a r , iro n  
cem en ted  in  p a r t ,  m ed iu m - to  fine- 
g ra in e d  ....................................................... 10 540

S a n d s to n e , a s  above, b u t  w ith  fe w e r  
re d  g r a i n s ................................................... 20 560

S a n d s to n e , l ig h t-  to  m ed iu m -g ray , 
c u rv i l in e a r  to  su b ro u n d e d , p itte d , 
f ro s te d , p o o rly  cem en ted , co a rse -  to  
m e d iu m -g ra in e d  ...................................... 50 610

S a n d s t o n e ,  w h i t e ,  c u r v i l i n e a r  t o  
ro u n d , f ro s te d , m ed iu m - to  c o a rse - 
g ra in e d , cem en ted  in  p a r t  b y  dolo
m ite  35 645 T .D .
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95-3-35P 1 . S am p le  log  f o r  w ell a t  P ik e s  P e a k  S ta te  P a r k  so u th  
o f  M cG regor, located  in  S E  1/4 S W  1/4. sec. 35, T . 95 N „  R . 3 W .
D rilled  in  1936 by  C. W . V a rn e r , D u b u q u e , Io w a . A ltitu d e  o f  lan d  
s u rfa c e , 1,134 fe e t. S am p le  s tu d y  by  K . E . A n d e rso n .

T h ic k n ess  D ep th
( fe e t) ( fe e t)

N o  s a m p l e s ......................................................................... 15 15

O rd o v ic ian  sy s te m
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