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P rev ious w o r k has shown good c o r r e l a t i o n between ce
ment r e q u i r e m e n t s f o r s o i l - c e m e n t and spec i f i c h o r i 
zons i n 43 a g r i c u l t u r a l s o i l s e r i e s i n s e v e r a l Grea t 
P l a in s States, Washington, and Idaho (1) . 

T o check the v a l i d i t y of such c o r r e l a t i o n s f u r t h e r 
and to expand the r e s u l t s t o Iowa , a number of loess , 
sand and g l a c i a l t i l l s o i l s e r i e s w e r e sampled i n v a r 
ious ho r i zons and t e s ted . Instead of se l ec t ing m o d a l 
samples f r o m a s e r i e s , many s e r i e s a r e r ep resen ted 
by moda l samples and by e x t r e m e s to p r o v i d e a m o r e 
r i g o r o u s t e s t . Zona l g rea t s o i l groups represen ted a re 
B r u n i z e m and G r a y - B r o w n Podzo l i c . The dominant 
c l ay m i n e r a l i s m o n t m o r i l l o n i t e . 

Cement r e q u i r e m e n t c o r r e l a t i o n s ranged f r o m good 
to p o o r . Reasons f o r p o o r c o r r e l a t i o n s a r e tha t ce 
ment r e q u i r e m e n t s f o r some f i n e - g r a i n e d Iowa so i l s 
w e r e a b n o r m a l l y h igh due to f r e e z e - t h a w s e n s i t i v i t y , 
and that some se r i e s a r e too b road ly def ined to d i s t i n 
gu i sh adequately the sens i t ive f r o m non-sens i t ive s o i l s . 
M a j o r d i f f e r e n c e s r e l a t i n g to g rea t s o i l g roup and B 
h o r i z o n s t r u c t u r e w e r e a lso f o u n d . 

Inves t iga t ions of Iowa f i n e sands showed good c o r r e 
l a t i o n of cement r e q u i r e m e n t s w i t h geologic o r i g i n , 
w h i c h i s not r e f l e c t e d i n the s o i l s e r i e s designat ions 
on pub l i shed s o i l maps . T h e sands a r e a va luab le r e 
source f o r use i n s o i l - c e m e n t . 

• A G R I C U L T U R A L s o i l maps a re u s e f u l to highway and founda t ion engineers , and r e 
cen t ly the basic mapping u n i t , the s o i l s e r i e s , has p r o v e d to be a r e l i a b l e c r i t e r i o n f o r 
j udg ing the amount of p o r t l a n d cement needed to conver t the s o i l t o s o i l - c e m e n t (1) . 
T h i s c o r r e l a t i o n was demons t ra ted w i t h samples f r o m the d i f f e r e n t s o i l l a y e r s , o r h o r 
i zons , f r o m each s e r i e s . Samples w e r e then tes ted to f i n d the cement r e q u i r e m e n t . 
Resul ts w e r e checked by s a m p l i n g the same se r i e s and ho r i zons at s e v e r a l l oca t ions . 
Usua l ly the r e q u i r e m e n t s r e m a i n e d constant , and the v a r i a t i o n was never m o r e than 
one percen t of cement . Tes t s w e r e conducted on A , B , and C h o r i z o n samples f r o m 
43 s o i l s e r i e s i n s e v e r a l w e s t e r n s ta tes . 

T h i s l e d to the sea rch f o r add i t iona l c o r r e l a t i o n s , and app l i ca t ion of the method to 
so i l s of I o w a . A wide v a r i e t y of sandy, s i l t y , and c layey s o i l s we re tes ted , r ep resen t 
i n g g l a c i a l t i l l , loess , and sand paren t m a t e r i a l s . I n many se r i e s the s a m p l i n g s i t e s 
w e r e se lec ted not on ly to r ep resen t "average" o r m o d a l p r o f i l e s , but a lso the e x t r e m e s , 
t o p r o v i d e a m o r e severe t e s t . 

Pub l i shed U . S . D . A . county s o i l maps were h e l p f u l f o r s e r i e s i d e n t i f i c a t i o n and 
s a m p l i n g . Unfo r tuna t e ly mos t maps a r e o l d , and mos t s e r i e s on the o l d maps have 
been r e - d e f i n e d . T h e r e f o r e s a m p l i n g i s necessa r i ly done by w o r k e r s f a m i l i a r w i t h r e 
cent advances i n s o i l mapping i n a p a r t i c u l a r geographic a r e a . T h i s of course holds 
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t rue whether s amp l ing i s f o r a r e s e a r c h p r o j e c t o r f o r an ac tua l f i e l d use—whenever 
c o r r e l a t i o n s a re to be made w i t h s o i l s e r i e s . 

P A R E N T M A T E R I A L 

I n app rox ima te ly 82 percen t of the a rea of Iowa the so i l s have developed i n loess o r 
i n g l a c i a l d r i f t , d iv ided about equal ly between the two (2). The paren t m a t e r i a l s f o r 
so i l s ove r mos t of the r e m a i n i n g areas a re a l l u v i u m . 

Representat ive l o e s s i a l and t i l l s o i l s e r i e s w e r e se lected f o r s tudy. I n add i t ion f o u r 
samples of upland g l a c i o - f l u v i a l and eol ian 

9 Micro. cl.y 

Figure 1. Map showing Wisconsin d r i f t 
borders and contoured 5 micron clay con

tents of C horizon loess . 

sand w e r e t es ted . Al though a comple te 
r ep resen ta t ion of Iowa se r i e s was i m p o s s i 
b l e , the s e r i e s mos t s i g n i f i c a n t to engineers , 
f o r example those i n h i l l t o p pos i t ions where 
the re i s m o r e l i k e l i h o o d of roadcuts and 
excavat ion of b o r r o w , a re r epresen ted . 
The l o e s s i a l s e r i e s a re of i n t e r e s t because 
the loess parent m a t e r i a l p resen ts wide 
sys temat ic t e x t u r a l v a r i a t i o n s be l i eved r e 
la ted to distance f r o m a source . T h i s r e 
l a t i o n cou ld be u s e f u l i n c o r r e l a t i o n to ce 
ment r e q u i r e m e n t . N e a r m a j o r r i v e r v a l 
l eys such as those of the M i s s o u r i , M i s s i s 
s i p p i , and Iowa , the loess i s an A - 4 s i l t 
w i t h l i t t l e o r no s o i l p r o f i l e . F i f t y to e ighty 
m i l e s away the loess g radua l ly changes to 

A - 6 and then A - 7 - 6 c l ay w i t h a v e r y s t r o n g s o i l p r o f i l e ( F i g . 1 ) . 

The Wiscons in age loess usua l ly o v e r l i e s l U i n o i a n age (Loveland) loess o r , m o r e 
c o m m o n l y , Kansan age g l a c i a l t i l l w h i c h o the rwise unde r l i e s the L o v e l a n d . Where 
loess i s t h i n , the t i l l ou tcrops on e roded va l l ey slopes ( F i g . 2) o r may be in te rcep ted 
by deeper roadcu t s . I n some roadcuts a tough, g r ay , c layey l a y e r , ap t ly t e r m e d g u m -
b o t i l , i s f ound between the loess and g l a c i a l t i l l . T h i s i s a pa leoso l , o r ancient s o i l 
p r o f i l e , weathered in to the Kansan t i l l d u r i n g the long i n t e r v a l p r i o r to loess depos i t ion . 
A n analogous pa leoso l i s i n the Love land loess {3). G u m b o t i l i s usua l ly v e r y h igh i n 
m o n t m o r i l l o n i t i c c lay m i n e r a l and causes i n t e r e s t i n g p r o b l e m s , such as seepages, 
s l u m p s , and tenacious ly muddy roads . C o l o r and morpho logy of the b u r i e d pa leoso l 
r e la te to p re loes s topography and e ro s ion (4) and a re somewhat p r ed i c t ab l e f r o m the 
p resen t landscape. F o r example , g u m b o t i l i s v e r y c layey , t h i c k , and g r a y - c o l o r e d i n 
f l a t , uneroded upland pos i t i ons , where i t i s much l i k e a m o d e r n P l anoso l . I n be t t e r 
d r a ined pos i t ions i t i s r edd i sh , t h i n n e r , and r e sembles a G r a y - B r o w n Podzo l i c . 

G R E A T SOIL GROUPS 

T w o zona l g rea t s o i l groups o c c u r i n Iowa, B r u n i z e m s ( f o r m e r l y c a l l e d P r a i r i e 
s o i l s ) , f o r m e d under g ra s s , and G r a y - B r o w n Podzol ic s o i l s , f o r m e d under f o r e s t . 
B r u n i z e m s cove r about 68 percen t of the state and a re the w e l l - d r a i n e d , d a r k - c o l o r e d 
topso i l s c u r r e n t l y associa ted w i t h an over-abundance of c o r n . G r a y - B r o w n Podzo l i c s 
occur i n t e r s p e r s e d w i t h the B r u n i z e m s but a re m o r e p r o m i n e n t i n the eas te rn and 
southern p a r t s of the s ta te . The G r a y - B r o w n s a re somewhat s i m i l a r to B r u n i z e m s i n 
c lay content and p r o f i l e , but a re m o r e ac id ic and have a d i s t i n c t i v e g r a y - c o l o r e d t o p -
s o i l , o r A h o r i z o n . Both groups show m a r k e d c l ay accumula t ion i n the subso i l , o r 
B h o r i z o n . 

I n southern Iowa, upland remnants of the Kansan t i l l p l a i n o c c u r as wide f l a t s w h i c h 
have been etched away at the m a r g i n s to leave long , p r o j e c t i n g i n t e r f l u v e s that mesh 
in to the dra inage p a t t e r n l i k e f i n g e r s . Loess on these f l a t a reas i s usua l ly p o o r l y 
d ra ined , p a r t l y because i t i s unde r l a in by the i m p e r m e a b l e g u m b o t i l . As a consequence 
two i n t r a z o n a l great s o i l groups a re p r o m i n e n t : 

Wiesenbodens (Humic Gley so i l s ) a re the p o o r l y d ra ined coun te rpa r t of B r u n i z e m s , 
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o c c u r r i n g where p r o f i l e development has been i n h i b i t e d by h igh w a t e r t ab le . They a re 
c h a r a c t e r i z e d by a t h i c k , v e r y d a r k b r o w n o r b l ack A h o r i z o n ove r a weak, g r a y -
c o l o r e d B . W i t h p r o p e r dra inage they a re exce l len t f o r a g r i c u l t u r a l use. 

Somewhat s i m i l a r to Wiesenbodens i n p o s i t i o n but not i n p r o f i l e a r e the P lanosols . 
Here the p o o r dra inage , ins tead of i n h i b i t i n g p r o f i l e development by wa te r l ogg ing , has 
enhanced p r o f i l e development due to inc reased i n f i l t r a t i o n and i n t e n s i f i e d leach ing . 
Planosols f o r m e d e i t he r under f o r e s t o r under g rass a re ac id ic throughout t h e i r p r o 
f i l e , and the A h o r i z o n has a d i s t i n c t i v e a sh -g ray (under grass ) to whi t e (under f o r e s t ) 
l a y e r , l abe l l ed the A^ h o r i z o n . The B h o r i z o n i s e x t r e m e l y h igh i n c l a y . Planosols 
should l o g i c a l l y make poo r s o i l - c e m e n t . 

TABLE 1 
CLASSIFICATION OF MAJOR SOIL SERIBS IN WESTERN. SOUTHERN AND EASTERN IOWA 

Parent 
Material Regosol 

Gray-Brown 
Podzolic 

Great Soil Group 
Brunizen 

(Prairie Soil) 
Wlesenboden 
(Humlc Gley) Grassland 

Planosol 
Forest 

W. Iowa loess, 
coarse 

1 
fine 

HAMBURG 
HJA ^ .Monona 

MarshaU Minden 
SHARPSBURG Winterset 

E. Iowa loess, 
coarse 
\ 

fine 

Fayette Downs Tama Muscatini 
Clinton OUey Mabaska 
WeUer Pershing Grundy 

Seymour 
KansantlU, 
unweathered 

weathered 

Steinauer 
Undley Gara 

-Burchard' 
Shelby 
I^gonda' 

Garwin 
Taintor | Sperry 

Haig Edlna 

CLARINDA 

Berwick 
Hferion 

'Series showing characteristics of more than one great soil group are Indicated by position or by arrows. 
Series more or less central In a group are capitalized. 

InlirM 
Logsndo 
Cljtfrinda 

Sharj>sburg' 

SERIES 

Ser ies on Loess 

L o e s s i a l s o i l s e r i e s i n Iowa a re g iven 
i n Tab le I . Those s e r i e s w i t h essen t ia l ly 
the same paren t m a t e r i a l a r e h o r i z o n t a l l y 
on l i n e ; f o r example , the Fayet te i s the 
f o r e s t e d equivalent of the T a m a . I n t e r -
grades a re a lso ind ica ted ; the Downs i s 
a G r a y - B r o w n Podzol ic w i t h some c h a r 
a c t e r i s t i c s o f a B r u n i z e m , p robably be 
cause o f a l a t e invas ion by t r e e s . S i m i 
l a r l y , the Musca t ine i s a wet B r u n i z e m , 
w i t h tendencies t owards a Wiesenboden. 

The Hanburg , Ida , and Monona s e r i e s 
a re i n the c l a s s i c t h i c k loess a rea b o r 
d e r i n g the M i s s o u r i R i v e r p l a i n i n w e s t e r n Iowa ( F i g . 3 ) . The H a m b u r g s e r i e s i s a 
Regosol , f ound where s o i l p r o f i l e development has not kept pace w i t h e r o s i o n . I t i s 
e s sen t i a l ly una l t e red C h o r i z o n ca lcareous loess . The Ida s e r i e s i s a lso a Regosol , 
but shows f a i n t beginnings of becoming a B r u n i z e m , w i t h a b r o w n , ca lcareous A h o r i 
zon . The Monona s e r i e s i s a weak B r u n i z e m , w i t h a b r o w n A h o r i z o n and i n d i s t i n c t 
B h o r i z o n leached of carbonates . 

The M a r s h a l l s e r i e s i s a n i ce ly developed B r u n i z e m w i t h a modera t e ly c layey B 

Figure 2 . Block diagram i l l u s t r a t i n g 
typ ica l topographic occurrences of t i l l 
and loess so i l s i n the Shelby-Sharpsburg-
Wlnterset S o i l Association area, south
west lova. Prom "Understanding lova 

Soils" (2 ) . 
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h o r i z o n , and i s found i n an extensive be l t to the east of the Monona - Ida -Hamburg assoc
i a t i o n a rea . F a r t h e r to the southeast, the loess i s t h inne r and f i n e r , and the m a j o r 
B r u n i z e m i s the Sharpsburg s e r i e s , w i t h Ladoga the , fo re s t ed coun te rpa r t ( F i g . 2 ) . 

In eas te rn Iowa, the T a m a s e r i e s i s much l i k e the M a r s h a l l and develops f r o m s i m i 
l a r parent m a t e r i a l . Fayette i s the c o m m o n f o r e s t e d coun te rpa r t . The approx ima te 

eas tern Iowa equivalent of the Sharpsburg , 
developed on modera te ly c l ayey , leached 
loess , i s the O t l e y . However , the f o r e s t e d 
coun te rpa r t , the C l in ton s e r i e s , and the 
p o o r l y d r a ined coun te rpa r t s , Mahaska and 
T a i n t o r , a r e m o r e abundant i n t h i s p a r t i c 
u l a r a r ea . 

I n sou th -cen t r a l Iowa the loess i s p r o 
g r e s s i v e l y f i n e r , and the Grundy and W e l l e r 
s e r i e s represen t B r u n i z e m s and G r a y -
B r o w n s , r e s p e c t i v e l y . Somewhat m o r e 
p o o r l y d r a ined and f i n e r t e x t u r e d i s the 
Seymour s e r i e s , a B r u n i z e m . A l s o abun
dant a re the Ha ig and Edina r ep re sen t ing 
p l anosc l i n f luences , but the B hor izons a re 
so t h i c k and c layey they a re not w e l l su i ted 
f o r s o i l - c e m e n t . 

Figure 3. So i l association areas studied. 
Dashed l ines indicate gradational bound

a r i e s . Numbers show sample locations. 

Ser ies on T i l l 

A l s o i n w e s t e r n , southern , and eas te rn Iowa a re the t i l l s o i l s e r i e s ind ica ted i n 
Tab le I . The nomencla tu re i s s i m p l i f i e d because, except f o r younger t i l l sheets i n 
n o r t h e r n Iowa, the g l a c i a l t i l l paren t m a t e r i a l does not v a r y s y s t e m a t i c a l l y ac ross the 
s ta te . Mos t i s Kansan i n age, but a r i m of I l l i n o i a n t i l l i s i n the eas te rn p a r t of the 
s ta te . 

On r a p i d l y e rod ing s lopes, the essen t ia l ly unweathered ca lcareous t i l l Regosol i s 
now designated the Steinauer s e r i e s . The B u r c h a r d s e r i e s i s a weak B r u n i z e m leached 
only i n the A and B h o r i z o n s , analogous to the Monona s e r i e s on loess . These s e r i e s 
have been mapped as Shelby i n the pas t . Shelby i s now r e s t r i c t e d to a we l l -deve loped 
B r u n i z e m on leached t i l l . The f o r e s t e d coun te rpa r t of the Shelby i s the L i n d l e y ; an 
i n t e rg rade between the two i s now mapped as G a r a . S u r f i c i a l ou tc rops of g u m b o t i l a r e 
inc luded on o l d e r s o i l maps w i t h Shelby, but now may be mapped C l a r i n d a , a Wiesen -
boden, o r Lagonda, a p lanosol ic B r u n i z e m ( F i g . 2 ) . 

PROCEDURE 

Sampl ing 

Mos t of the s e r i e s t es ted w e r e represen ted by samples f r o m two to f o u r sect ions 
w h i c h were se lected to represen t not on ly the mode but a lso the range of each s e r i e s . 
F o r example , the M a r s h a l l s e r i e s was sampled at t h r ee loca t ions , one near the cen te r 
of the M a r s h a l l a rea and the o thers f r o m near the e ^ e s , where the M a r s h a l l i s t r a n 
s i t i o n a l to the Monona on the west and the Sharpsburg on the east ( F i g . 3 ) . 

Mos t sect ions a re loca ted i n roadcuts o r q u a r r i e s . Sampl ing was done by t r i m m i n g 
back to a f r e s h su r f ace , then cu t t i ng a downslope channel to obta in accura te composi te 
samples of each l a y e r . Pedologica l A , B , C i (leached C) , and C ho r i zons w e r e s a m 
p led a f t e r f i e l d i d e n t i f i c a t i o n by two o r th ree exper ienced persons to m i n i m i z e b i a s . 
Supplemental anger ing was done where necessary , and spec ia l zones i n o r under the 
C h o r i z o n w e r e sampled separa te ly . 

Mapping and d e f i n i t i o n s of s o i l s e r i e s i s constant ly changing as f i n e r d i s t i nc t i ons 
a re made, and v e r y f e w of the s o i l s e r i e s cou ld be accura te ly i d e n t i f i e d m e r e l y f r o m 
loca t ion on publ i shed U . S . D . A . So i l Survey maps , many of w h i c h were p r e p a r e d i n 
Iowa i n the 1920's . Each se r i e s was t h e r e f o r e r e - i d e n t i f i e d and f i t t e d in to up- to-da te 
nomenc la tu re . 
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T e s t i n g 

P a r t i c l e s ize analyses w e r e made by the h y d r o m e t e r method us ing the Iowa State 
a i r - j e t d i s p e r s i o n device and sod ium metaphosphate as the d i s p e r s i n g agent (5) . P l a s 
t i c i t y index and c l a s s i f i c a t i o n tes ts w e r e p e r f o r m e d acco rd ing to s tandard A S T M m e t h 
ods (6) . Cement r e q u i r e m e n t s w e r e de t e rmined i n the P o r t l a n d Cement Assoc i a t i on 
L a b o r a t o r y i n Skokie , I l l i n o i s , a cco rd ing to s tandard methods (7) . These include the 
f o l l o w i n g : (a) a m o i s t u r e - d e n s i t y tes t to de t e rmine m a x i m u m densi ty and o p t i m u m m o i s 
t u r e content f o r compac t ion ; (b) w e t - d r y a n d f r e e z e - t h a w t e s t s , 12 c y c l e s e a c h o n separ
ate specimens , to de t e rmine how much cement i s r e q u i r e d to ho ld loss of loosened s u r -
f i c i a l m a t e r i a l to w i t h i n p e r m i s s i b l e l i m i t s ; and (c) compres s ive s t r eng th tes ts to show 
i f se t t ing reac t ions a r e p roceed ing p r o p e r l y — s t r e n g t h should inc rease both w i t h i n c r e a s -
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Figure \ . Cement requlrementB of vestern lovra l o e s s l a l s o i l s . As the loess thins I t 
hecones f i n e r , leached of carbonates, and weathered into heavier textured s o i l pro

f i l e . ThicknesB and distance scales very approximate. 

i n g age and cement content . P e r m i s s i b l e weight losses d u r i n g w e t - d r y o r f r e e z e - t h a w 
tes t s a r e set a t 10 pe rcen t f o r A - 4 and 7 pe rcen t f o r A - 6 and A - 7 s o i l s . Specimens 
a r e b rushed between cyc les to r emove loose m a t e r i a l . 

RESULTS 

Loess 

M i n i m u m cement r e q u i r e m e n t s a re ind ica ted i n F i g u r e s 4 and 5 f o r v a r i o u s l o e s s i a l 
s o i l s e r i e s . 

H a m b u r g . — F o u r samples of coarse ca lcareous loess mapped i n the H a m b u r g se r i e s 
r e q u i r e d 12 percen t cement , and one r e q u i r e d 14 pe rcen t . A sample of a weak, l each 
ed pa leoso l i d e n t i f i e d as B r a d y s o i l (8) shows no d i f f e r e n c e i n cement r e q u i r e m e n t , the 
r e q u i r e m e n t s t i l l be ing 12 pe rcen t . 
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Ida . —Samples of Ida A h o r i z o n and C h o r i z o n loess r e q u i r e d 2 0 percent cement due 
to f ^ u r e by excessive sca l ing i n the f r e e z e - t h a w te s t . T h i s loess i s apparent ly i n a 
c r i t i c a l c l ay content range f o r f a i l u r e d u r i n g f r e e z i n g and thawing ; the c r i t i c a l range 
i s ind ica ted by the v e r t i c a l dashed l i nes i n the top graph of F i g u r e 6 . 

Monona. —Samples o f coarse Monona leached and ca lcareous C h o r i z o n loess r e 
q u i r e d o v e r 2 0 percen t cement , and a r e a lso i n the c r i t i c a l c lay content range ( top, F i g . 

6 ) . I n the B h o r i z o n samples and i n a f i n e r 
C h o r i z o n sample , the h igher c lay content 
reduced the r e q u i r e m e n t to 1 6 pe rcen t . 
The A h o r i z o n r equ i r emen t was 1 8 pe rcen t . 

M a r s h a l l . — M a r s h a l l C h o r i z o n samples 
r e q u i r e d 1 6 to 1 8 percen t cement , some
what i n the c r i t i c a l c l a y range . A s i n the 
Monona, the m o r e c layey B h o r i z o n r e 
q u i r e d less cement than the C , 1 4 to 1 6 p e r 
cent , and a l l A h o r i z o n samples r e q u i r e d 
1 8 pe rcen t . 

Sharpsburg . —Sharpsburg C h o r i z o n loess 

Gray-Brmn Podzollei 

Foyarra 

Apprw O M o m f r M i I « m i i DrMI.MIta 

Figure 5. Cement requirements of eastem 
and southern Iowa l o e s s i a l s o i l s . Legend 

i s the same as i n Figure k. 
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i s less c r i t i c a l f o r f r e e z e - t h a w l o s s , and 
the r equ i r emen t was found to be 1 6 . 5 p e r 
cent cement . The A and B hor izons r e 
q u i r e d only 1 2 . 5 and 1 2 pe rcen t , r espec
t i v e l y , i n d i c a t i n g the b e n e f i c i a l in f luence 
of c l a y . A sandy basa l loess sample r e 
q u i r e d 1 1 pe r cen t . The presence of e i t h e r 
sand o r c lay i s apparent ly e f f e c t i v e at r e 
ducing cement r e q u i r e m e n t i n these wes t -
e m Iowa B r u n i z e m s . 

Ladoga. — The G r a y - B r o w n Podzol ic e-
quivalent of the Sharpsburg gives some i n 
t e r e s t i n g con t r a s t i ng r e q u i r e m e n t s i n the 
A and B h o r i z o n s . The G r a y - B r o w n A and 
B a re bad ac to r s c o m p a r e d w i t h the Sharps 
b u r g , and r e q u i r e d 1 6 and o v e r 2 1 pe rcen t 
cement , r e s p e c t i v e l y . The C h o r i z o n was 
not a f f ec t ed , and r e q u i r e d 1 6 pe rcen t ce 
ment . Poss ib le in f luences of podzo l i za t ion 
a re d iscussed under Faye t t e . 

Love land Loess and Pa leoso l . —Samples of p l a s t i c Love land loess f r o m underneath 
the Wiscons in loess at the sec t ion sampled f o r Ladoga have cement r e q u i r e m e n t s not 
un l ike the W e l l e r : 1 2 and 1 1 . 5 pe rcen t f o r the A and A3-B1 h o r i z o n s , and 1 8 percen t 
f o r the c layey B B . 

Grundy .—The Grundy cont inues t r ends i n i t i a t e d i n the Sharpsburg : m o r e c l a y , l e ss 
s e n s i t i v i t y t o f r e e z e - t h a w , l e s s cement . T h i s t r e n d reached a c l i m a x i n the leas t c layey 

20 30 40 90 
Percent 5 micron cloy 

Figure 6. Relations of ceanent require
ment of Iowa l o e s s i a l so i l s to 5 micron 

clay content. 
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Grundy C h o r i z o n sample , w h i c h had a r e q u i r e m e n t of 12 pe rcen t . W i t h m o r e c l ay , 
however , f a i l u r e s began i n the w e t - d r y tes t , and cement r e q u i r e m e n t mounted r a p i d l y . 

T a m a . — T h i c k eas te rn Iowa loess under the T a m a se r i e s , a B r u n i z e m , r e q u i r e d 12 
pe rcen t cement i n the B and C hor izons and 17 percent i n the A , o r v e r y c lose to the 
H a m b u r g C and Monona A of w e s t e r n Iowa . Mos t i n t e r e s t i n g i s that the C h o r i z o n T a m a 
i s not o v e r l y sens i t ive to f r e e z e - t h a w , even though the c lay content wou ld put i t i n the 
c r i t i c a l range of the w e s t e r n Iowa samples ( F i g . 6, m idd l e g r aph ) . 

T a m a - M u s c a t i n e - M a h a s k a - G r u n d y . —Some re l a t ionsh ips a re shown between i n t e r -
g rad ing eas te rn Iowa l o e s s i a l B r u n i z e m s o i l p r o f i l e s and cement r e q u i r e m e n t , but the 
r e q u i r e m e n t s do not necessa r i ly co inc ide w i t h s e r i e s b reaks ( F i g . 4 ) . F o r example , 
the C h o r i z o n loess r e q u i r e m e n t was 12 to 13. 5 percent cement i n the T a m a and M u s c a 
t i ne s e r i e s , reached a l o w of 11 pe rcen t cement i n the Mahaska, and c l i m b e d r a p i d l y 
i n the Grundy , f r o m 12 to 17 percen t , as losses i n the w e t - d r y tes t became c r i t i c a l 
due to the h igh c lay content . The m a j o r change i n cement r e q u i r e m e n t thus took place 
w i t h i n the conf ines o f the Grundy , The cement r equ i r emen t s of the B ho r i zons f o r these 
s e r i e s was usua l ly 1.0 to 2 . 5 percen t h igher than f o r the C. Requi rement ranged f r o m 
13.5 to 15 pe rcen t to even h igher i n the a l ready too c layey Grundy . The Ed ina se r i e s 
was not sampled , but i t p robab ly has cement r e q u i r e m e n t s h igher than the Grundy . 

Faye t te . —Cement r e q u i r e m e n t s of the Fayet te s e r i e s , the G r a y - B r o w n equivalent 
of the T a m a ( F i g . 4) , a r e incons is ten t , because the s e r i e s i s too b road ly def ined to 
c o r r e l a t e adequately w i t h some v e r y c r i t i c a l f r e e z e - t h a w losses . Coarse , sandy loess 
under the Fayet te s e r i e s r e q u i r e d 9 .5 pe rcen t cement i n the C h o r i z o n and 14 .5 p e r 
cent i n the C i and B . W i t h m o r e c lay the B h o r i z o n became c r i t i c a l l y suscept ible to 
f r e e z e - t h a w , and the r equ i r emen t s j u m p e d to 17 .5 and 19 pe rcen t f o r the C i and B , r e 
spec t ive ly . Then i n f i n e r loess the C h o r i z o n became c r i t i c a l , r e q u i r i n g 2 0 . 5 pe rcen t , 
but the B h o r i z o n was over the hump . 

T h i s c r i t i c a l c lay content range i n the Fayet te but not i n the equivalent B r u n i z e m s 
( F i g . 6, l o w e r and m i d d l e graphs) suggests a L imi t ed de l ec t e r ious in f luence f r o m p o d -
z o l i z a t i o n . T h i s i s a lso t r u e i n the A h o r i z o n of the Fayet te , w h i c h r e q u i r e d 13. 5 to 
20 pe rcen t , ave rag ing 17 .7 percent f o r th ree samples . A s p r e v i o u s l y ment ioned , the 
Ladoga, a G r a y - B r o w n f r o m w e s t e r n Iowa , a l so showed de le t e r ious i n f l u e n c e . How
ever , the bad e f f e c t of f o r e s t vegeta t ion does not c a r r y o v e r in to the C l i n t o n and W e l l e r , 
w h i c h s e r i e s a re even m o r e ac id ic than the Faye t t e . I n the Fayet te the p H i s 4 . 5 to 
5 .1 i n the A and B ho r i zons ; i n the W e l l e r i t v a r i e s f r o m about 3 .8 to 4 . 5 (2) . 

Perhaps the s l i g h t l y d i f f e r e n t a r r a y of exchangable ca t ions o r the t r a c e s of f o r e s t -
d e r i v e d o rgan ic m a t t e r cou ld cause a s t r u c t u r a l e f f e c t i n compacted samples , i n c r e a s 
i n g c a p i l l a r y conduc t iv i t y and caus ing excess ive f r e e z e - t h a w losses . 

C l i n t o n - W e l l e r . —The C l in ton s e r i e s i s developed i n f i n e r loess than the Fayet te and 
continues the t r e n d t o w a r d l o w e r cement r e q u i r e m e n t . I n the c o a r s e r of the Cl in tons 
sampled , the C h o r i z o n r e q u i r e m e n t was 14 .5 pe rcen t , and tha t i n the h ighe r c lay B 
h o r i z o n was 12 pe rcen t . I n the f i n e s t C l in ton sec t ion and i n the W e l l e r sec t ion the C 
h o r i z o n reached an o p t i m u m f o r s o i l - c e m e n t , 10 .5 percent and 10 pe rcen t , r e spec t i ve 
l y . However , as p r e v i o u s l y noted f o r the Grundy , the B i s too c layey , and r e q u i r e d 
16. 5 and m o r e than 20 percen t , r e spec t i ve ly , due to losses i n the w e t - d r y t e s t . The 
unusual ly h igh r e q u i r e m e n t f o r the W e l l e r B h o r i z o n cou ld be p a r t l y due to t h e f t of c a l 
c i u m f r o m h y d r a t i n g cement by the c l a y , inasmuch as the n a t u r a l base sa tu ra t ion i s of 
the o r d e r of 50 to 60 pe rcen t . 

S u m m a r y - L o e s s i a l Se r i e s . —In w e s t e r n Iowa the cement r e q u i r e m e n t of coarse loess 
usua l ly mapped i n the H a m b u r g s e r i e s i s 12 pe rcen t . However , i n s l i g h t l y f i n e r loess , 
f r e e z e - t h a w losses suddenly become v e r y c r i t i c a l , and cement r e q u i r e m e n t s leap t o 
m o r e than 20 pe rcen t . Loess mapped as H a m b u r g , Ida, o r Monona and conta in ing o v e r 
17 percen t 5 m i c r o n c lay should a lways be r ega rded as suspect . I n the M a r s h a l l and 
Sharpsburg the cement r e q u i r e m e n t s a r e s tead i ly pushed down by the inc rease i n c lay 
content , u n t i l the r e q u i r e m e n t again reaches a l ow of 12 pe rcen t i n the r e l a t i v e l y heavy 
t e x t u r e d Sharpsburg B h o r i z o n . 

Eas t e rn Iowa B r u n i z e m s on loess do not show the same s u s c e p t i b i l i t y to f r e e z e - t h a w , 
and here i n genera l m o r e c lay means that m o r e cement i s r e q u i r e d . Best f o r s t a b i l i z a 
t i o n a r e the T a m a , Musca t ine , Mahaska, and c o a r s e r Grundy C ho r i zons , wh ich r e q u i r e 
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11 to 13 percen t cement . B hor izons take m o r e cement , and the r e q u i r e m e n t j u m p s 
to 19 percen t i n the f i n e r Grundy B and C h o r i z o n s , where w e t - d r y losses become c r i t 
i c a l . 

The A hor izons of mos t l o e s s i a l B r u n i z e m s r e q u i r e 18 percen t o r m o r e cement and 
should not be used. Excep t ions m a y be the Sharpsburg and Mahaska, samples of w h i c h 
were s t ab i l i z ed w i t h 12 .5 percen t cement . 

G r a y - B r o w n Podzo l i c s on loess show a c r i t i c a l s e n s i t i v i t y to the f r e e z e - t h a w tes t , 
m u c h l i k e w e s t e r n Iowa B r u n i z e m s , but a t h ighe r c l ay contents . Cement r e q u i r e m e n t s 
s t a r t l ow i n the coarse Fayet te , r each a peak i n the m e d i u m Fayet te B and the f i n e 
Fayette C, and f a l l o f f again i n the C l i n t o n . Then the c lay content becomes too h igh i n 
the C l i n t o n and W e l l e r B h o r i z o n s , and f a i l u r e s o c c u r i n the w e t - d r y t e s t . The c r i t i 
c a l c lay content range o c c u r r i n g i n the Fayet te p robab ly i s r e l a t e d to some in f luence 
of podzoUzat ion . T h i s in f luence extends th rough the A , B , and Ci h o r i z o n s , but not 
in to the ca lcareous C . A c i d i t y alone does not exp la in i t , i na smuch as the ac id i t y i n the 
C l in ton and W e l l e r , w h i c h r e q u i r e less cement i s equal o r g r e a t e r . 

T i l l 

Cement r e q u i r e m e n t s of t i l l s e r i e s a re g iven i n Tab le 2 . Note tha t the s e r i e s c o r 
r e l a t i o n i s not good, p r o b a b l y because se r i e s de f in i t i ons and v a r i a b i l i t y of the pa ren t 

T A B L E 2 

C E M E N T R E Q U I R E M E N T S O F SOIL SERIES 
O N K A N S A N A N D I L L I N O I A N T I L L 

G r a y - B r o w n Podzol ic 
B r u n i z e m s L i n d l e y 

H o r i z o n B u r c h a r d Shelby Kansan T i l l m . T i l l 

A 13 14 12 _ 10.5 8 - -
B 13 15 14 - 13.5 16 .5 15 12 .5 
C i - 16 12 - 12 .5 12 .5 12 .5 13 

C 13 .5 _ - - - - - -ca 
C 17 11 15 11 13 .5 12 - — 

m a t e r i a l a r e too b r o a d . Calcareous C h o r i z o n Kansan t i l l mapped under the Shelby, 
L i n d l e y , and B u r c h a r d s e r i e s was usua l ly s t a b i l i z e d w i t h 11 to 13. 5 pe rcen t cement , 
but one sample r e q u i r e d 15 percent and another 17 percent because of h igh losses d u r 
i n g the w e t - d r y tes t , p robab ly f r o m de le te r ious expansions of the m o n t m o r i l l o n i t i c c l a y . 
Al though C h o r i z o n cement r e q u i r e m e n t s do not p l o t w e l l against c lay content ( l o w e r 
hal f of F i g . 7) the c lay content becomes c r i t i c a l when the amounts a re g r e a t e r than a-
bout 37 pe rcen t . E igh t of the 13 ca lcareous and leached C h o r i z o n t i l l samples w i t h 
5 m i c r o n c l a y contents o f 37 pe rcen t o r less m a y be s t a b i l i z e d w i t h 11 to 13 .5 pe rcen t 
cement . The average r e q u i r e m e n t was about 12 pe rcen t . The f i v e samples w i t h o v e r 
37 pe rcen t c l ay r e q u i r e d 13 to 17 pe rcen t cement , the average r e q u i r e m e n t be ing a-
bout 13 p e r c e n t . 

I f c lay content i s c r i t i c a l , one wou ld expect t i l l B ho r i zons to r e q u i r e m o r e cement , 
and mos t do . However , an i nve r se r e l a t i onsh ip ex i s t s (top hal f of F i g . 7) , and the 
h ighe r c l a y content B h o r i z o n s tend t o r e q u i r e l e ss cement—severa l p e r c e n t l e s s than 
equivalent c l ay content C h o r i z o n sample s . F u r t h e r m o r e , mos t B h o r i z o n samples 
f a i l e d i n the f r e e z e - t h a w tes t r a t h e r than the w e t - d r y t e s t , as d i d the C h o r i z o n samples 
w i t h the same c l a y conten ts . T h i s suggests an i m p o r t a n t c o n t r i b u t i o n f r o m the cha rac 
t e r i s t i c b locky s t r u c t u r e of the B h o r i z o n , r educ ing vo lume change losses d u r i n g w e t -
d r y c y c l e s . The compacted densi ty of f i v e B h o r i z o n samples w i t h an average c l ay c o n 
tent of 37 .8 pe rcen t i s 106.2 pc f ; of t en C h o r i z o n samples w i t h a c lay content of 37 .5 
pe rcen t , i t i s 110.8 p c f . The B h o r i z o n b lock iness tends to reduce dens i ty , w h i c h may 
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be d i r e c t l y o r i n d i r e c t l y r e l a t e d to the Inc reased res i s tance to w e t - d r y vo lume change. Only 
the lowes t c l ay content B h o r i z o n sample , a L i n d l e y , f a i l e d d u r i n g the w e t - d r y t es t , and 
r e q u i r e m e n t was boosted to 16 .5 pe rcen t . A g u m b o t i l sample a lso showed benef i t f r o m 
having been a B h o r i z o n ; a l though i t conta ined 53 pe rcen t 5 m i c r o n m o n t m o r l U o n i t i c 
c l a y , the cement r e q u i r e m e n t was only 12 pe rcen t , and f a i l u r e was by f r e e z e - t h a w . 
Ano the r g u m b o t i l sample w i t h 70 percen t c l ay f a i l e d i n the w e t - d r y t e s t and r e q u i r e d 
18 percen t cement . 

The A h o r i z o n Shelby and B u r c h a r d s e r i e s r e q u i r e d 12 to 14 percen t cement , c o m 
p a r e d w i t h on ly 8 to 10 .5 pe rcen t f o r L i n d l e y A h o r i z o n s . I n con t ra s t to l o e s s i a l s e r 
i e s , podzo l i za t ion i n the L i n d l e y has no de le te r ious e f f ec t , but i s b e n e f i c i a l i n the A 
h o r i z o n because i t reduces the c lay content t o 15 o r 20 pe rcen t and cu t s the cement r e 
q u i r e m e n t . Unfo r tuna t e ly , L i n d l e y A h o r i z o n s o i l i s not abundant enough to p r o v i d e a 
source f o r m a t e r i a l ; these r e su l t s m e r e l y po in t out tha t A h o r i z o n m a t e r i a l i n the 
L i n d l e y , Shelby, o r B u r c h a r d se r i e s can b e n e f i c i a l l y be i n c o r p o r a t e d in to s o i l - c e m e n t . 

Sand 

Because of poss ib le economic i m p o r 
tance , up land sand deposi t s on and near 
the l owan d r i f t i n eas te rn Iowa have i n r e 
cent y e a r s been ex tens ive ly mapped, 
sampled , and the eng ineer ing p r o p e r t i e s 
s tudied (9) ( F i g . 8 ) . F o u r r ep resen ta t ive 
deposi ts we re sampled f o r s o i l - c e m e n t 
t e s t s . One sand, c o a r s e r than the r e s t 
i s f l u v i a l i n o r i g i n (that i s , deposi ted 
f r o m w a t e r ) . The o the r th ree a re f i n e r 
and eo l i an , a l though one i s r a t h e r coarse 
because of l o c a l d e r i v a t i o n f r o m sandy 
d r i f t . 

Because of d i f f i c u l t i e s i n i n t e r p r e t i n g 
o r i g i n , the Iowa sands have been c o n f u s 
i n g f o r a g r i c u l t u r a l s o i l s u r v e y o r s . A s 
a r e s u l t the sands a re i d e n t i f i e d as be 
long ing to a wide v a r i e t y of s e r i e s , such 
as Knox , C a r r i n g t o n , and Faye t t e . A l 
though no a t tempt i s made here to c o r r e 
l a t e cement r e q u i r e m e n t t o m o d e r n s e r i e s 
equiva len ts , on f u t u r e s o i l maps the e o l 
i a n B r u n i z e m sands w i l l p robab ly be m a p 
ped as Hagener (Riecken, F . F . , p e r s o n a l 

c o m m u n i c a t i o n (1956 ) ) ( fo rmer ly mapped as T h u r m a n , C a r r i n g t o n , L i n d l e y , Knox) , and 
the G r a y - B r o w n Fodzo l i c equivalent w i l l be the Chelsea ( f o r m e r l y mapped as Knox , 
L i n d l e y , Spar ta , P l a i n f i e l d ) . C o a r s e r eo l ian sands d e r i v e d f r o m l o c a l w i n d ac t ion on 
g l a c i a l d r i f t w i l l be mapped as Dickenson i f a B r u n i z e m ( f o r m e r l y C a r r i n g t o n , Shelby) 
o r L a m o n t (Riecken, F . F . , p e r s o n a l c o m m u n i c a t i o n (1956)) i f a G r a y - § r o w n P o d z o l i c . 
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Figure 7. Relations of ceoient require
ment of Iowa t i l l so i l s to 5 micron clay 

content. 

Sample 
N o . O r i g i n 

% Coarse 
Sand 

( > 0 . 4 2 m m ) 

Cement 
Requ i r emen t s , 
( % b y v o l . ) 

S-31-1 F l u v i a l 2 4 . 9 7 .5 
S-28-4 E o l i a n ( d r i f t ) 16 .6 9 .0 
S-6-2 E o l i a n (banded) 6.2 8 .5 
S-6-2a E o l i a n 3 .2 9 .0 
S-57-4 E o l i a n 0 .8 8 .5 
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Figure ti. Sand deposits in eastem Iowa. 

Many eas tern Iowa sand deposi ts conta in bands r i c h e r i n c l ay and i r o n oxide m i n e r 
a l s . Mos t such bands l i e nea r ly h o r i z o n t a l , but many d i p , i n t e r sec t one another , o r 
a re wavy . They a re be l ieved to be secondary i n o r i g i n , perhaps m i n i a t u r e repeated 
BB h o r i z o n s . One severe ly banded sec t ion was sampled separate ly f o r s o i l - c e m e n t 
t es t s , to see i f banding has any e f f e c t on cement r e q u i r e m e n t . 

Resu l t s . — Resul ts of s o i l - c e m e n t tes ts w i t h the f i v e sandy s o i l s a r e g iven i n Tab le 
3. The f l u v i a l sand r e q u i r e d 7. 5 percent cement ; the eo l ian sands a l l r e q u i r e d 8. 5 to 
9 .0 pe rcen t , r ega rd le s s of l o c a l d e r i v a t i o n o r secondary banding. The eas te rn Iowa 
sand deposi ts should be cons idered a valuable r e source f o r use i n s o i l - c e m e n t . 

CONCLUSIONS 

Conclusions f r o m the inves t iga t ion may be s ta ted as f o l l o w s : 

1 . Not a l l s o i l s e r i e s may be success fu l ly c o r r e l a t e d w i t h cement r equ i r emen t , p a r 
t i c u l a r l y when r equ i r emen t s a re h igh because of an unusual s e n s i t i v i t y . 

2 . M e d i u m - t e x t u r e d loess and l o e s s i a l s o i l s i n the Ida , Monona, and M a r s h a l l s e r 
ies of w e s t e r n Iowa a re c r i t i c a l l y suscept ible to damage by f r e e z e - t h a w , p robab ly due 
to h igh m o i s t u r e m o b i l i t y d u r i n g f r e e z i n g . However , t h i s damage i s reduced by i n 
c reased contents of c l a y . Even m o r e e f f e c t i v e i s the presence of sand. 

3. E a s t e r n Iowa B r u n i z e m s on loess do not show the c r i t i c a l su scep t ib i l i t y to f r e e z e -
thaw, but m e d i u m - t e x t u r e d G r a y - B r o w n Podzo l i c s , notably i n the Fayette s e r i e s , do. 
Perhaps d i f f e r e n c e s i n exchangable ca t ions o r presence of t r aces of f o r e s t - d e r i v e d o r 
ganic m a t t e r a l l ow inc reased m o i s t u r e movement d u r i n g f r e e z i n g . 
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4 . Clay content reaches an o p t i m u m f o r f r e e z e - t h a w res i s tance i n f i n e - t e x t u r e d 
loess o r l o e s s i a l B h o r i z o n s . Then f u r t h e r increases i n c lay content acce lera te w e t -
d r y losses and r a i se the cement r e q u i r e m e n t . The o p t i m u m c lay content i s reached 
i n the C l in ton , Mahaska, and Sharpsburg B , and i n the C l i n t o n - W e l l e r and Mahaska-
Grundy C h o r i z o n s . W e l l e r B and Grundy-Seymour B and C hor izons a re too high i n 
c l a y . 

5. H i g h c l ay contents i n C h o r i z o n Kansan g l a c i a l t i l l a lso acce lera te w e t - d r y losses 
and increase the cement r e q u i r e m e n t . However , B h o r i z o n samples w i t h the same 
c lay content r e s i s t w e t - d r y losses and r e q u i r e less cement . The b locky s t r u c t u r e i n 
the B h o r i z o n of t i l l s e r i e s i s of decided bene f i t . 

6. Sand deposi ts c o m m o n i n eas te rn Iowa may be r ead i ly s t ab i l i zed w i t h 7. 5 to 9.5 
percent p o r t l a n d cement . Cement r equ i r emen t c o r r e l a t e s w i t h postula ted o r i g i n and, 
when the areas a re r e -mapped , should c o r r e l a t e w i t h s o i l s e r i e s . 
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T A B L E i 
TEST RESULTS FROM WESTERN IOWA LOESS SOILS 

Gradation 
Series and 

Iowa Nil. 
Sand, 

Majdmum Optimum 
Required 

Cement 
Content, 

Horizon >2mm 0.074-2mm 5-74|i < S|i LL W (pcf) (%) (•/obyvol) 

C 0 3.2 80.3 16.5 30.3 5.2 102.9 17.9 12 
AB, Brady 0 6.2 70.0 22.9 31.8 9.4 107.8 16.5 12 

C 0 8.2 78.2 13.7 27.3 2.6 107.7 15.8 12' 
C 0 0.9 80.6 18. S 32.1 10.1 103.0 18.5 14 

D, Stratified 0 0.7 83.3 16.0 33.9 10.9 102.3 19.0 12 
A 0 0.0 67.7 32.3 46.1 20.2 99.4 19.5 20 
C 0 0.5 75.0 24. S 35.2 11.8 100.0 18.5 20 
A 0 0.1 82.5 17.4 42.9 19.5 98.5 22.5 18 
B 0 0.4 68.7 30.9 45.8 23.5 98.7 22.0 16' 
Ci 0 0.4 73.2 26.4 39.9 17.0 105.0 18.0 >20 
C 0 0.6 74.8 24.7 33.5 9.8 102.0 18.6 >20 

C, Fe-rich 0 0.3 78.3 21.4 35.7 11.9 101.3 19.3 >20 
C, 0 0.2 79.2 20.6 34.9 10.8 102.0 18.3 >20 
A 0 0.7 65.7 33.6 44.7 21.4 98.6 21.0 18 
B 0 0.5 68.3 31.2 41.8 20.3 103.2 18.3 16 
Ci 0 0.5 70.1 29.4 41.2 19.7 103.3 19.0 16 
c 0 0.7 74.3 25.0 57.9 16.2 103.8 18.7 16 
A. 0 0.8 59.3 39.9 45.8 23.1 94.5 23.3 18 
B 0 0.4 65.2 34.4 46.0 25.9 102.3 18.8 14 
C, 0 0.3 68.2 31.5 41.7 21.0 103.0 18.8 18 
C 0 0.4 72.6 27.0 38.0 26.8 99.6 19.5 16 
A 0 0.5 64.7 34.8 42.6 19.7 98.3 21.5 18 
B 0 0.3 60.4 39.3 48.0 27.9 99.0 21.5 14 
Ci 0 0.4 66.6 33.0 39.6 21.3 104.2 18.7 16 
A 0 0.4 58.3 41.3 49.2 27.6 98.4 21.3 18.0 
B 0 0.4 54.8 44.8 56.3 33.2 98.8 22.0 16 
Ci 0 0.4 63.6 36.0 43.6 22.5 103.3 18.7 16 

C, unoxidized 0 0.8 66.6 32.6 40.4 19.7 98.4 21.3 14 
1 A 0 2.0 57.0 41.0 46.1 21.9 96.0 21.0 12.5 

B 0 1.0 52.5 46.5 55.1 33.6 95.5 22.7 12 
c . 0 1.0 60.0 39.0 47.7 26.1 100.0 22.0 16.5 

Sandy loess 0 15.0 55.0 30.0 35.5 16.4 112.3 13.5 11 
A 0 2.3 63.9 33.8 35.6 13.9 102.5 17.1 IS 
B 0 1.0 50.0 49.0 37.4 21.0 99.3 19.7 21' 
Ci 0 2.4 60.4 37.2 51.7 31.2 100.2 19.7 15 
Ap 0 5.0 58.0 37.0 34.0 16.0 107.9 16.4 12 

0 6.1 56.5 37.4 39.1 22.1 107.2 17.0 11.5 
0 4.2 42.2 53.6 61.9 40.4 95.6 23.0 18' 

W. lova Loess: 
Hamburg I 

Monona XI 

Marshall IV 

Marshall vm 

Sharpsburg, 500 

Iadoga502 

(Paleosol on 
Loveland 
loess, 502) 

'Wet-dry losses exceed losses from freeze-thaw. 
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TABLE 5 
TEST RESULTS FROM EASTERN AMD SOUTHERN IOWA LOESS SOILS 

Series and 
Iowa No. Horizon 

Gravel, 
>2mm 

Gradation 
Sand, ^ t , 

0.074-2mm 5-74|i 
Clay, 
<5|i 

Consistency 
L L PI 

Maximum 
Density 

(pel) 

Optimum 
Moisture 

(%) 

Required 
Cement 
Content, 

(% by vol) 
Gray-Brown FodzoUcs: 

Fayette 100 A 0 2.1 62.6 35.4 41.0 17.7 102.7 19.3 13.5 
B 0 0.1 60.9 39.0 54.1 33.8 101.9 18.7 14.5 
Ci 0 1.0 78.2 20.8 30.0 9.1 109.4 17.0 14.5 

Sandy loess 0 8.3 79.4 12.3 25.5 6.3 109.2 19.3 9.5 
" 211 A 0 2.0 77.8 20.1 30.0 7.5 102.0 17.3 >20 

B 0 0.8 65.2 34.0 43.4 21.5 104.0 16.9 >19 
Ci 0 0.5 67.8 31.7 45.8 23.9 104.3 17.8 17.5 
C 0 0.7 78.2 21.1 28.9 8.2 106.6 16.2 11.5 

207 A 0 1.7 75.1 23.1 33.3 4.3 100.0 18.9 19.5 
B 0 0.4 68.9 30.7 38.0 15.0 102.7 19.2 16.5 
Ci 0 0.5 64.3 35.2 41.7 19.3 101.3 18.1 20.9 
C 0 0.4 76.7 22.9 30.2 8.4 108.1 16.6 14 

C, unoxidized 0 0.3 77.5 22.2 28.6 6.7 109.6 15.8 13 
CUnton 524 A 0 1.1 68.4 30.5 35.9 10.8 97.0 19.6 12 

B 0 0.7 61.8 37.4 43.9 22.4 98.8 20.0 12 
Ci 0 0.3 69.7 30.0 36.2 19.9 103.7 19.0 14.5 

119 A 0 1.2 64.8 34.0 36.9 12.9 96.1 22.1 17 
B 0 0.7 S6.6 42.7 51.8 30.0 100.1 21.7 14.5 
Cx 0 3.4 62.9 34.7 38.1 19.9 103.9 19.8 14.5 

523 A 0 2.2 64.3 33. S 43.3 14.5 93.4 23.8 14 
B 0 2.8 58.0 39.5 48.5 24.1 98.3 19.5 16.5' 
Ci 0 4.8 58.9 36.5 36.8 18.8 105.3 18.5 10.9 

Weller 530 A 0 4.7 65.3 30.0 32.4 11.9 97.0 19.5 13.9 
B 0 1.8 46.4 51.8 61.9 40.0 99.3 22.0 >20' 
Ci 0 4.8 55.2 40.0 39.1 21.4 104.3 19.6 10 

Brunizems: 
TsLoa. 122 A 0 2.3 71.5 26.2 32.9 8.9 102.8 18.4 17 

B 0 2.4 68.6 29.0 33.9 12.7 105.2 17.5 12 
C 0 5.0 77.6 17.4 25.4 1.8 107.8 16.0 12 

212 A 0 3.4 71.6 25.0 35.7 11.7 99.8 19.2 17 
B 0 2.3 74.9 32.2 47.7 25.7 104.8 18.0 15 
Ci 0 3.1 71.4 25.5 39.1 17.3 106.7 17.5 14.5 
C 0 1.2 66.6 22.8 32.8 10.7 106.0 17.3 13 

C, unoxidized 0 2.4 74.5 23.1 29.6 8.8 107.9 15.7 12.0 
BAoscatlne 223 A 0 0.8 67.6 31.6 40.7 17.2 99.6 19.7 14 

B 0 0.7 63.9 35.4 45.5 29.5 100.1 18.5 14.5 
C. 0 0.3 69.0 30.7 37.4 19.9 109.1 18.0 14.5 
C 0 0.8 78.6 20.6 26.6 3.6 106.8 16.5 12 

C, Fe-rich 0 0.9 78.1 21.0 26.8 6.4 110.4 15.2 13.5 
C, unoiddlzed 0 1.4 76.3 22.3 28.2 9.1 107.6 17.3 12 

l l l A A 0 3.3 64.7 32.0 39.2 13.0 91.3 24.3 >21 
B 0 2.1 57.6 39.3 39.1 15.1 99.8 20.2 14.9 
Ci 0 0.8 69.4 29.8 30.8 9.0 108.9 16.7 13.9 

M i h a n t a 528 A 0 1.4 69.1 29.5 33.8 9.4 97.5 18.2 12.5 
B 0 0.7 57.8 42.5 49.5 26.2 102.0 20.5 13.5' 
C, 0 1.6 61.4 37.0 46.0 25.1 101.5 19.5 11 

Grundy 929 A 0 2.S 62.5 35.0 34.3 14.1 97.5 21.4 13 
B 0 0.7 54.5 44.8 50.5 31.2 96.3 23.4 14' 
Ci 0 0.5 65.8 33.6 38.0 20.2 104.0 17.8 12 

" 525 A 0 2.7 63.3 34.0 38.4 11.5 97.9 21.3 17.5 
B 0 0.9 51.8 47.4 52.9 27.6 93.9 22.5 15.5 
c . 0 0.4 65.6 34.0 38.8 19.1 101.3 19.5 15' 

" 541A A 0 3.6 57.4 39.0 41.5 15.2 96.7 20.0 18 
B 0 1.5 51.0 47.5 55.2 29.9 96.6 22.9 17' 
Ci 0 1.0 63.5 35.5 45.7 24.6 102.6 18.3 19' 

*Wet-dry losses exceed losses from freeze-tliaw. 
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T A B L E 6 

T E S T RESULTS F R O M K A N S A N A N D I L L I N O t A N T I L L SOILS 

Series and 
Ibwa N o . 

G r a v e l , 
> 2 m i n 

SUt, 
5-74|t 

Clay, Consistency 
M a x i m u m 
Dens i ty Nfois ture 

(%) 

Requi red 
Cement 
Content 

( % by v o l ) 

B r u n i z e m s : 
B u r c h a r d 411 

Shelby 415 

416 

" 425 
G r a y - B r o w n Fodzol lcs 

U n d l e y 422 

" 42SA 

436 
( n i i n o i a n t i l l ) 

Fa leosols : 
G u m b o t i l , 

500-5C 
Gumbo t i l , 

528-4C 

A 
B 
Cca 
C 
A 
B 
C. 
C 
A 
B 
C, 
C 
C 

A 
B 
C . 
C 
A 
B 
C, 
C 
B 
C, 
B 
C. 

Bp 

Bp 

3 .0 
3 .5 
1.5 
3 .0 
0 .8 
2 . 7 
2 .3 
2 . 0 
8 .0 
3.5 

11.2 
1.3 
2 .5 

4 .0 
1.2 
6 .2 
1.0 
0 
0 . 4 
2 . 0 
0 . 8 
1.2 
2 . 0 
5 .0 
1.0 

5 .0 

0 .3 

30 .0 
23 .5 
24 .5 
24 .5 
31 .6 
29 .2 
2 3 . 4 
2 5 . 1 
36 .5 
32.2 
27 .8 
32 .6 
35 .6 

43 .0 
3 7 . 1 
41.3 
40 .8 
40 .2 
41 .6 
40 .0 
28 .7 
30 .7 
41 .5 
19.0 
26 .0 

21 .5 

1 6 . 1 

30 .5 
30 .0 
29 .0 
28 .5 
39 .6 
30 .9 
34.3 
35.3 
29 .5 
2 5 . 1 
27 .8 
2 9 . 1 
3 0 . 9 

32 .0 
25 .2 
27 .0 
31 .7 
44 .8 
25 .0 
27 .0 
35 .0 
17 .7 
2 8 . 1 
25 .0 
32 .0 

21 .0 

1 3 . 1 

36 .5 
43 .0 
45 .0 
44 .0 
28 .0 
37 .2 
40 .0 
37 .6 
26 .0 
39 .2 
33 .2 
37 .0 
31 .0 

21 .0 
36 .5 
25 .5 
26 .5 
15.0 
33 .0 
31 .0 
35 .5 
50 .4 
2 8 . 4 
51.0 
41 .0 

52 .5 

70 .5 

43.3 
49 .5 
45 .4 
4 1 . 1 
35 .6 
4 7 . 4 
45.8 
39.6 
38 .4 
44.2 
38 .8 
38 .2 
29 .0 

2 8 . 1 
39.3 
33 .0 
28 .9 
22 .4 
39 .6 
36 .2 
40 .9 
35.6 
27 .6 
56 .5 
56 .2 

20 .3 
2 8 . 4 
30 .2 
25 .7 
1 5 . 1 
2 9 . 4 
28 .6 
25 .0 
14.6 
2 3 . 1 
19.8 
2 3 . 1 
12.0 

11.7 
23 .0 
20 .0 
14.8 

4 .7 
22 .8 
2 1 . 4 
22 .6 
18.5 
12.9 
35.3 
35 .7 

41 .0 24 .0 

85 .0 53.3 

100.5 
103.0 
108.6 
108 .1 

99.3 
103.0 

99.7 
114.0 
104.6 
109.7 
113.5 
112.5 
117.8 

106.5 
108.3 
116.3 
118.4 
113.0 
107.0 
111.0 
113 .1 
101.0 
113.6 
107.4 
109.3 

101.9 

90.3 

18.7 
20 .0 
16.3 
16.0 
21 .0 
19.3 
22 .0 
15 .0 
17.3 
15.5 
15.0 
15.5 
IS.O 

15.5 
16.7 
13.7 
11.0 
13.5 
16 .5 
15.5 
14.2 
21 .0 
1 4 . 1 
18.0 
14.5 

2 0 . 9 

2 1 . 4 

13 
13 
13.5 
17 
14 
15 
16 
11 
12 
14 
12 
15 ' 
11 

10 .5 
13.5 
12 .5 
1 3 . 5 ' 

8 
1 6 . 5 ' 
12 .5 
12 
15 
12 .5 
12 .5 
13 .0 

12 

18 ' 

' W e t - d r y losses exceed losses f r o m f r e e z e - t h a w . 

T A B L E 7 

T E S T R E S U L T S F O R E A S T E R N I O W A SANDS 

O r i g i n and 
I b w a N o . H o r i z o n 

Coarse 
Sand, 

2 - 0 . 4 2 m m 

F i n e 
Sand, 

0 . 4 2 - 0 . 7 4 m m 
SUt, 

5-74)1 
C l a y , 
< 5 | i F l 

M a x i m u m 
D e n s i t y 

( p e l ) 

O p t i m u m 
M o i s t u r e 

( % ) 

Cement 
Content 

(% by v o l ) 

F l u v i a l ' C . 3 7 . 0 59 .2 1.6 2 . 2 N P 117 .0 8 .8 7 . 5 
S -31-1 

E o l l a n , l o c a l ' C i 2 4 . 4 7 4 . 4 0 . 2 1.0 N P 110.6 9 . 5 9 . 0 
S-28-4 

E o l l a n ' C i 9 . 1 8 7 . 7 1.7 1.5 N P 113.6 9 . 1 8 .5 
S-6-2 & (band) 1 2 . 9 8 1 . 5 1.6 4 . 0 N P 116 .0 9 .5 9 . 0 

E o l l a n ' C , 1.7 8 6 . 9 8 .6 2 . 8 N P 113.6 10 .0 8 .5 
S-57-4 

' O l d s e r i e s name Ind ica tes B r u n i z e m . 
' O l d s e r i e s n a m e Ind ica t e s G r a y - B r o w n P o d a i l l c . 




