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s t a t e occur i n most t r o p i c a l countries. 
Figures 13 and 14 i l l u s t r a t e these in Puerto 
Rico. Each landform has i t s strength and 
weaknesses, and hy id e n t i f y i n g the land-
form and knowing i t s t r a i t s , a better job 
of engineering can be done. In this way, 
the r i s k can be calculated with some reas

onable assurance of safety. 
On the good side of the record, i t i s 

certain that most limestones furnish one 
of the best and most e x t e n s i v e l y used 
aggregates. With the exception of the 
very cherty limestones, i t forms a de
pendable and high quality material. 

E N G I N E E R I N G SIGNIFICANCE OF SAND AREAS' 
I N T E R P R E T E D FROM AIRPHOTOS 

A. Morgan Johnson, HiD, 4ssociate Professor of Civil Engineering 
Ylayne University 

The investigation summarized here was 
established as a doctoral thesis i n the i n 
terpretation of s o i l s by the use of aerial 
photographs, the interpretation to include 
both engineering mapping and analysis of 
highway problems associated with the types 
of s o i l s c l a s s i f i e d . I t was attempted to 
interpret the complex patterns of the a i r -
photos of northwest Indiana--patterns which 
have been made ccoiplex by the large variety 
of glacial and post-glacial deposits which 
have provided the parent material for the 
developments of the s o i l s of the region. 
A l l or portions of twelve counties were 
mapped, using airphotos, in the belief that 
a good knowledge of the s o i l types of an 
area i s the basis of good highway design 
in that area. Consequently, the area was 
studied both from the standpoint of de
veloping techniques of mapping engineering 
s o i l s from aerial photographs and from the 
standpoint of determining applications of 
the knowledge of the mapped s o i l s to prob
lems of highway design and construction. 
Studies of pavement performance were made 
during the spring breakup and during the 
sumner season to correlate s o i l types with 
the performance of both r i g i d and flexible 
pavements. 

Before the variable of s o i l texture can 
be applied to the performance of a hi^way, 
i t i s necessary to know what the s o i l s i n 
volved a r e — t h e i r origin, profile develop

ment, drainage c h a r a c t e r i s t i c s , texture, 
p l a s t i c i t y , and topography. In the i n 
terests of economy i t i s necessary to de
velop rapid means of i d e n t i f i c a t i o n of 
s o i l types and of c h a r a c t e r i s t i c s . Until 
the recent advent of the techniques of a i r 
photo s o i l s interpretation, no rapid method 
of s o i l s mapping had been developed. To 
the s k i l l e d interpreter, the aerial photo
graph, combined with a knowledge of the 
general development of the area being 
studied and of some of the basic concepts 
of pedology, as well as a familiarity with 
methods of s o i l s engineering, i s a rapid 
method of obtaining knowledge of the engi
neering c h a r a c t e r i s t i c s of the s o i l s of 
an area. 

The basic techniques of airphoto inter
pretation of s o i l s have been described i n 
the past (1,2). They include acquaintance 
with geological developments and processes 
i n the area being studied and with pedo-
logical information as to profile develop
ment, erosion, and vegetative cover. Study 
of broad areas i s combined with stereos
copic examination of matching p r i n t s to 
determine the de t a i l s of the surface feat
ures, llie elements of the airphoto pattern 
(color tones, drainage, erosion, vegeta
tion, topography, and land use) are uaei 
to bound soil areas on the basis of origin, 
developoient, texture, topographic position, 
climate, drainage and p l a s t i c i t y . An im-



29 

portant factor used in airphoto mapping i s 
the concept that any given pattern will be 
changed i f other deposits are accumulated 
on top of the s o i l of that pattern. The 
amount of modification depends upon the 
amount and nature of the overburden. The 
complex pa t t e r n s of northwest Indiana 
proved to be modifications of the more 
standard patterns and could be worked out 
by a process of reasoning following careful 
observation of the elements of the patterns. 

Many states have realized that in their 
highway system they have an extensive f i e l d 
research laboratory, and large-scale per
formance surveys have been undertaken i n 

many areas. Many of these have been re
ported i n part and some have established 
strong correlation between s o i l types and 
pavement performance (3,4,5). "Iliere are 
many factors which may affect the perfor
mance of a particular section of concrete 
pavement; coarse aggregate, fine aggregate, 
mix design, construction procedures, j o i n t 
design, subgrade, base, drainage, and 
others. A similar l i s t of factors can be 
developed in regard to flexible pavements. 
Consequently, i s o l a t i n g one of these fac
tors and successfully correlating i t with 
pavement performance i s not a simple task, 
but i t has been handled with apparent suc
cess in at least some areas. 
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F i g u r e 2. T y p i c a l C o u n t y E n g i n e e r i n g S o i l s Map. T h i s s o i l s map i s o f S t a r k e 
C o u n t y i n I n d i a n a i n the Ka n k a k e e b a s i n . I t i s t y p i c a l o f t h e s e v e r a l c o u n t i e s 
w h i c h h a v e t h e K a n k a k e e R i v e r f o r t h e i r n o r t h e r n b o u n d a r y . The s o i l s a r e 
l a r g e l y o f l a k e b e d d e v e l o p m e n t e x c e p t f o r a s m a l l a r e a o f o u t w a s h g r a v e l s i n 
t h e n o r t h e a s t c o r n e r and an a r e a o f s e m i - p l a s t i c d r i f t i n t h e s o u t h e a s t p o r 
t i o n o f t h e c o u n t y . E i g h t s o i l s were mapped m t h i s c o u n t y and t h e d e t a i l i s 

r e p r e s e n t a t i v e o f t h a t w h i c h c a n be o b t a i n e d from a i r p h o t o s . 

AREA AND ME1HGD6 

Seventeen counties i n northwest Indiana 
were surveyed i n order to map the sand 
areas described i n this report. TTiey f a l l 
within the region known physiographically 
as the Northern Moraine and Lake Section, 
a region bounded on the south by the Tipton 
T i l l Plain. Three of the divisions of the 
section are involved i n the area studied, 
i l l u s t r a t e d i n Figure 1. These are the 
Calumet Lacustrine section, the Valparaiso 
Moraine section, and the Kankakee Lacus
trine section. "Die Steuben Morainal Lake 
section borders the area studied on the 
east. The major portion of Indiana has 

been covered once or more by the glaciers 
and their heterogeneous deposits of d r i f t . 
The northern part of the state l i e s within 
the bounds of the l a s t great advance of the 
glaci e r s — L a t e Wisconsin--so that the s o i l s 
and topography of that part of the state 
are almost wholly controlled by the glacial 
deposits and some subsequent development. 
In the Valparaiso Moraine section and the 
Steuben Morainal Lake section the surface 
deposits are those of the g l a c i e r s - - t h e 
Valparaiso Moraine being the most promi
nent terminal moraine of the Michigan lobe 
of the g l a c i e r and the deposits i n the 
Steuben area being those of the E r i e and 
Saginaw lobes. Hie r o l l i n g h i l l s of the 
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t e r m i n a l moraine are t h e predominant f e a t 
u r e s o f t h e t o p o g r a p h y i n t h e s e a r e a s . 
A c t u a l t i l l p l a i n s are r a t h e r r a r e i n t h i s 
s e c t i o n o f I n d i a n a . I n t h e L a c u s t r i n e 
s e c t i o n s , t h e d e p o s i t s a r e those which were 
l a i d down by r u n n i n g o r impounded w a t e r s 
d u r i n g and f o l l o w i n g t h e t i m e o f t h e g l a 
c i e r s . 

The e n t i r e r e g i o n i s so c o m p a r a t i v e l y 
young t h a t w i t h t h e p o s s i b l e e x c e p t i o n o f 
s a n d dune f o r m a t i o n t h e r e have been no 
g r e a t n a t u r a l changes i n t o p o g r a p h y s i n c e 
t h e r e s p e c t i v e d e p o s i t s were l a i d down. 
Drainage developments and e r o s i o n have been 
r e l a t i v e l y s c a n t . O t h e r s u r f a c e changes 
have been wrought by t h e e f f o r t s o f man i n 
the p a s t hundred y e a r s . Hiese are vegeta
t i o n , c o n s t r u c t i o n o f h ighways and r a i l 
r o a d s , and a r t i f i c i a l d r a i n a g e o f many o f 
th e swampy a r e a s . The Calumet L a c u s t r i n e 
s e c t i o n i s t h e f o r m e r l a k e b e d o f g l a c i a l 
Lake C h i c a g o — a n e x t e n s i o n o f Lake Michigan 
--and i s marked by s e v e r a l p r o m i n e n t beach 
r i d g e s , p l a s t i c and sandy l a c u s t r i n e de
p o s i t s , swamps, and t h e more r e c e n t l y de
v e l o p e d p r o m i n e n t dunes b o r d e r i n g Lake 
M i c h i g a n . The Kankakee L a c u s t r i n e s e c t i o n 
embraces a l a r g e a r e a l y i n g s o u t h o f t h e 
V a l p a r a i s o M o r a i n e . I t c e n t e r s about t h e 
Kankakee R i v e r w h i c h a t one t i m e c a r r i e d 
v a s t q u a n t i t i e s o f g l a c i a l w a t e r s and when 
dammed up t o the west i n I l l i n o i s , impounded 
water over a l a r g e area, g i v i n g r i s e t o t h e 
deep sand d e p o s i t s w h i c h cover much o f t h e 
b a s i n . E x t e n s i v e areas o f outwash m a t e r i a l s 
occur about t h e b o r d e r s o f t h e b a s i n and t o 
the n o r t h and e a s t . A r t i f i c i a l d r a i n a g e has 
l o w e r e d t h e w a t e r t a b l e i n m o s t o f t h e 
sandy b a s i n r e c l a i m i n g a v a s t swamp f o r 
p r o d u c t i v e p u r s u i t s and d r y i n g t h e s u r f a c e 
sands t o t h e e x t e n t t h a t many a c t i v e dunes 
have been and are b e i n g formed. 

Many prominent f e d e r a l highways from t h e 
Chicago area f a l l w i t h i n t h e area s t u d i e d 
and o t h e r i m p o r t a n t e a s t - w e s t and n o r t h -
s o u t h highways were a v a i l a b l e f o r p e r f o r 
mance s t u d i e s as w e l l as many s t a t e h i g h 
ways and s u r f a c e d r o a d s o f l e s s e r i m p o r 
t a n c e . The US highways c r o s s i n g t h e a r e a 
are a l s o shown i n F i g u r e 1 and i n c l u d e US 
6, 12, 20, 24, 30, 3 1 , 33, 35, and 4 1 . 
These h e a v i l y t r a v e l e d r o a d s , t r a v e r s i n g 
many d i f f e r e n t s o i l a r e a s , made t h i s area 

F i g u r e 3. A i r p h o t o o f L a r g e F l a t A r e a s o f 
S a n d s . T h i s p a t t e r n o f f l a t - l y i n g s a n d s i n 
J a s p e r C o u n t y , I n d i a n a , h a s been m o d i f i e d 
by w i n d - s w e p t s a n d s , b o t h a c t i v e a n d s t a 
b i l i z e d . T h e w h i t e s p o t s a r e c u r r e n t l y 
s h i f t i n g s a n d s w h e r e a s t h e p a t c h e s o f t r e e s 
mark d u n e s w h i c h h a v e become s t a b l e . The 
m a i n a r e a s h o w s t h e v e r y f l a t t o p o g r a p h y 
and u n i f o r m l i g h t - g r a y c o l o r t o n e s o f t h e 
f l a t s a n d a r e a s . T h e r e i s a l m o s t c o m p l e t e 
l a c k o f n a t u r a l s u r f a c e d r a i n a g e b u t t h e 
a r e a h a s b een d i t c h e d t o l o w e r t h e w a t e r 
t a b l e . 

a p a r t i c u l a r l y f r u i t f u l one f o r performance 
s t u d i e s . 

Mapping was c o n v e n i e n t l y done i n u n i t s 
o f c o u n t i e s . A m osaic o f t h e p r i n t s o f 
t h e c o u n t y was a s s e m b l e d on a b o a r d and 
s t u d i e d . A f t e r a p r e l i m i n a r y u n d e r s t a n d i n g 
o f t h e area and i t s s o i l s had been developed 
and a f t e r p r e l i m i n a r y a p p r o x i m a t e bound
a r i e s had been l i g h t l y marked on t h e p r i n t s 
where i t seemed p o s s i b l e t o make an e a r l y 
p r e d i c t i o n , t h e p r i n t s were examined s t e r -
e o s c o p i c a l l y i n c o n s i d e r a b l e d e t a i l . When 
i t had been a s c e r t a i n e d w h a t b o u n d a r i e s 
c o u l d be marked w i t h s t r o n g assurance and 
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which boundaries were somewhat questionable, 
a f i e l d t r i p was planned. Fi e l d checks of 
s o i l types were made and samples taken to 
check textural composition and Atterburg 
l i m i t s . After the additional information 
of the f i e l d work was available, the mark
ing of the boundaries was completed on the 
airphotos and the markings transferred to 
a base map of the county by means of a 
transfer table. Figure 2 i s an i l l u s t r a 
tion of a typical county s o i l s map. 

Soils areas as marked were combined into 
broad groupings, such as are described later 
i n t h i s report, on the basis of features 
and c h a r a c t e r i s t i c s i d e n t i f i a b l e from the 
airphotos. fti the basis of previous ex
perience in correlation of pavement perfor
mance with s o i l types, i t was then possible 
to predict the type of highway problems to 
be encountered in the areas mapped. Spring 
breakup studies of f l e x i b l e pavements and 
condition surveys of rigid pavements served 
to substantiate these predictions. 

SOIL AREAS AND THEIR INTERPRETATICK^ 

Large Flat Areas of Sand - lliese were l a i d 
down as lakebed deposits at the time when 
the Kankakee River was dainned and perhaps 
have been reworked during lower stages of 
of the lake. Topographically, they are 
monotonously f l a t . During the time of 
Kankakee Lake, numerous beaches and islands 
were formed and modified so that many long
standing mounds and ridges are scattered 
throughout the area. L a t e r wind action 
has further modified these h i l l s so that 
they have the appearance of and are com
monly referred to as dunes. "Diese may oc
cur at random i n the f l a t sand areas or in 
close groupings over large areas, in which 
l a t t e r case they were mapped separately on 
the strength of topography, position, and 
drainage. The surface deposits in the flat 
areas are f a i r l y uniform i n s i z e and tend 
toward one-size sands, although s i l t may 
occur in the topsoil. In many cases the) 
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F i g u r e 5. A i r p h o t o o f Sand Dune and R i d g e A r e a . T h i s s t e r e o g r a m i s v e r y r e p 
r e s e n t a t i v e o f the s a n d dune a r e a s i n the Kankakee b a s i n . I t c o v e r s a p o r t i o n 
o f a band o f dunes two or t h r e e m i l e s wide e x t e n d i n g a c r o s s the f l a t s . I n t h e 
l o w e r l e f t c o r n e r o f t h e p i c t u r e may be s e e n the change t o t h e f l a t a r e a s o f 

s a n d s . 
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are u n d e r l a i n by c o a r s e r sands and g r a v e l s . 
They d r a i n w e l l when t h e w a t e r t a b l e i s low 
enough and a r t i f i c i a l d r a i n a g e has accomp
l i s h e d t h i s i n most o f the area. 

These a r e a s a r e marked by r a t h e r u n i 
form l i g h t - g r a y c o l o r tones ( F i g . 3 ) . The 
topography i s v e r y f l a t and t h e f i e l d p a t 
t e r n i s r e c t a n g u l a r . Wind w h i p p i n g a c r o s s 
t h e s u r f a c e has p i c k e d up s a n d and de
p o s i t e d i t i n s m a l l dunes, i n d i c a t e d by 
w h i t e s p o t s on the photo. Dunes which have 
r e a c h e d a s t a t e o f e q u i l i b r i u m and have 
r e t a i n e d t h e i r s hape f o r some t i m e a r e 
marked by n a t i v e t r e e s , u s u a l l y oaks. There 
i s an a l m o s t c o m p l e t e absence o f n a t u r a l 
s u r f a c e drainage and a t l e a s t one d i t c h may 
be found i n e v e r y square m i l e o f the area. 

F i g u r e 6. A i r p h o t o o f Sandy Outwash. The 
m a j o r p o r t i o n o f t h i s photo i s o f the sandy 
o u t w a s h a r e a i n n o r t h w e s t e r n S t . J o s e p h 
C o u n t y i n I n d i a n a . I t shows g e n t l y r o l l i n g 
t o f l a t t o p o g r a p h y and l i g h t - g r a y c o l o r 
t o n e s . I n f i l t r a t i o n b a s i n s a r e f a i n t and 
t h e r e a r e no g u l l i e s . The l e f t p o r t i o n o f 
t h e p i c t u r e b o u n d e d by t h e d a s h e d l i n e , 
s h o w s t h e c o n t r a s t o f t h e more g r a n u l a r 
p a t t e r n . F i g u r e 7 i s i l l u s t r a t i v e o f t h e 

t o p o g r a p h i c change a t t h i s boundary. 

There a r e some f a i n t i n d i c a t i o n s o f slow-
f l o w i n g w a t e r t o be seen i n t h e a r e a b u t 
t h e s e a r e p r o b a b l y due t o a f o r m e r con
d i t i o n a t the time o f d r a i n i n g . 

I n r e g i o n s w h e r e a r t i f i c i a l d r a i n a g e 
has l o w e r e d t h e w a t e r t a b l e , t h e s e s o i l s 
g e n e r a l l y p r o v i d e e x c e l l e n t s u b g r a d e s . 
T h ere a r e many m i l e s o f e x c e l l e n t l y p e r 
f o r m i n g f l e x i b l e and some r i g i d pavements 
on sands o f t h i s t y p e . I n g e n e r a l t h e 
t r a f f i c on these roads i s n o t heavy. Under 
heavy l o a d s , f a u l t i n g m i g h t he a p p r e c i a b l e . 
L o c a t i o n i s no problem because o f the f l a t 
ness o f t h e a r e a and no c u t s , w i t h t h e i r 
c hanges i n p r o f i l e , need be c o n s i d e r e d . 
The area c o n t a i n s many sm a l l r e g i o n s where 
t h e t o p s o i l i s v e r y h i g h l y o r g a n i c and 
t h i s s o i l p r e s e n t s a p r o b l e m i n l o c a t i o n . 
I f t h e s e s m a l l r e g i o n s , e a s i l y i d e n t i f i e d 
on t h e a i r p h o t o s , cannot be a v o i d e d , i t i s 
d e s i r a b l e t o e x c a v a t e the o r g a n i c m a t e r i a l 
and b a c k - f i l l w i t h c l e a n sand. No o t h e r 
g r a n u l a r m a t e r i a l s are l i k e l y t o be a v a i l 
a b l e i n the i i m i e d i a t e v i c i n i t y . 

Sand Dunes and Ridges - There are e x t e n s i v e 
areas o f t h i s s o i l t y p e l y i n g s o u t h o f t h e 
Kankakee R i v e r and a n o t h e r b r o a d b e l t o f 
dunes s u r r o u n d i n g the s o u t h and west shores 
o f Lake M i c h i g a n . T h e i r most c h a r a c t e r i s 
t i c f e a t u r e i s t h e t o p o g r a p h i c e x p r e s s i o n 
o f s ands i n t h e d u n e s and r i d g e s . The 
dunes appear i n m o d i f i c a t i o n s o f t h e c r e s 
c e n t shape, as l o n g r i d g e s , and o c c a s i o n 
a l l y as mounds. An e f f o r t was made t o de
t e r m i n e whether t h e r i d g e s m i g h t n o t be o f 
w a t e r - l a i d o r i g i n r a t h e r t h a n w i n d - b l o w n . 
Many c o m p a r a t i v e samples were t a k e n f r o m 
wind-blown t o p s o f r i d g e s and from deeper 
down where i t was e x p e c t e d t h e sands may 
h a v e been w a t e r - l a i d . The p l o t o f t h e 
g r a i n - s i z e d i s t r i b u t i o n c u r v e s ( F i g . 4 ) 
showed no s i g n i f i c a n t d i f f e r e n c e i n t h e 
g r a i n s i z e s a t t h e two l o c a t i o n s . To de
t e r m i n e whether a d i f f e r e n c e i n g r a i n s i z e 
o f w i n d - b l o w n and w a t e r - l a i d sands m i g h t 
be e x p e c t e d , s i m i l a r samples were t a k e n 
from t h e l a r g e dunes a l o n g Lake M i c h i g a n 
and f r o m deep i n t h e beach r i d g e s o f Lake 
C h i c a g o . The d a t a were compared and i t 
was concluded t h a t t h e beach sands and t h e 
dune sands were o f e s s e n t i a l l y t h e same 
s i z e . T h i s c o n c l u s i o n i s r e a s o n a b l e be
cause a l l t h e sands are from the same source. 
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F i g u r e 7. Ground P h o t o o f t r a n s i t i o n From Sandy Outwash to G r a v e l Outwash. 
T h i s photo, t a k e n a l o n g SR No. 2 i n E a s t e r n S t . J o s e p h County, shows the s h a r p 
c h a n g e i n t o p o g r a p h y a t t h e b o r d e r b e t w e e n the s a n d y o u t w a s h a r e a and the 
g r a v e l l y outwash marked i n F i g u r e 6. The h i l l to the l e f t r i s e s o v e r 100 f t . 
above the l e v e l o f the a d j a c e n t p l a i n - - a n e x t r e m e l o c a l change i n e l e v a t i o n 

f o r t h e s e t y p e s o f m a t e r i a l s . • 

a l t h o u g h i t m i g h t be e x p e c t e d t h a t w a t e r 
a c t i o n c o u l d wash up l a r g e r p a r t i c l e s and 
t h a t wind d e p o s i t i o n would be more s e l e c t 
i v e . I t was a l s o n o t e d t h a t t h e r e was a 
s t r i k i n g u n i f o r m i t y i n s i z e b e tween t h e 
sands s u r r o u n d i n g Lake M i c h i g a n and t h o s e 
i n the Kankakee b a s i n . 

T h i s s o i l t y p e i s one o f t h e e a s i e s t t o 
r e c o g n i z e on the a i r p h o t o s as the shape and 
t o p o g r a p h y o f t h e dunes, t h e l i g h t c o l o r 
t o n e s , t h e b l o w o u t s , t h e absence o f g u l l y 
i n g and s u r f a c e r u n - o f f , and t h e patches o f 
t r e e s can h a r d l y be m i s t a k e n ( F i g . 5 ) . 
A i j o t h e r s t r o n g f e a t u r e o f t h e a r e a marked 
i n t h e a i r p h o t o p a t t e r n i s the l a r g e number 
o f muck p o c k e t s found i n some p o r t i o n s o f 
t h e a r e a . The f i e l d p a t t e r n i s l i k e l y t o 
be i r r e g u l a r and d i t c h e s a r e f r e q u e n t l y 
used t o l o w e r t h e water t a b l e i n t h e muck-
f i l l e d d e p r e s s i o n s . 

L o c a t i o n o f h i g h w a y s i n t h i s a r e a i s 
l a r g e l y a p r o b l e m o f a v o i d i n g t h e muck 
p o c k e t s . C u t s a r e r e q u i r e d t h r o u g h t h e 
dunes and r i d g e s b u t t h e sands a r e deep 
and no change i n t e x t u r e i s i n v o l v e d . A 
d e f i n i t e p r o b l e m w i t h t h e s e sands i s t h e 
m a t t e r o f s t a b i l i z a t i o n . The sands a r e 
s u b j e c t t o w i n d e r o s i o n i n t h e n a t u r a l 

s t a t e , w h i c h w i l l a l s o cause some m o d i f i 
c a t i o n o f c u t and f i l l s l o p e s . T b i s process 
i s slow, however, and the slopes are u s u a l l y 
l e f t bare on secondary roads. Rounding the 
s l o p e s , b r i n g i n g i n t o p s o i l , and d e v e l o p 
i n g a sod cover o r p l a n t i n g s p e c i a l grasses 
a r e p r a c t i c e d on some p r i m a r y r o a d s . The 
s a n d s a r e s t a b l e when c o n f i n e d b u t a r e 
l i k e l y t o r u t i n a n a t u r a l s u r f a c e because 
o f l a c k o f b i n d e r . The same i s t r u e o f 
these sands under v e r y t h i n s u r f a c e t r e a t 
ments. To be e n t i r e l y s a t i s f a c t o r y , t h e 
subgrade s h o u l d be s t a b i l i z e d o r t h e pave
ment s h o u l d have some s t r u c t u r a l s t r e n g t h . 
I t has been shown t h a t b i t u m i n o u s m a t e r i a l s 
and o t h e r a d d i t i v e s may a i d i n such s t a 
b i l i z a t i o n . Sands a l s o p r e s e n t a p r o b l e m 
i n compaction because o f t h e i r u n i f o r m s i z e . 
They a r e s u b j e c t t o v i b r a t o r y c o m p a c t i o n 
and consequently are prone t o compact under 
t h e a c t i o n o f t r a f f i c and cause s e t t l i n g 
and f a u l t i n g o f t h e pavement. I t i s t h i s 
t y p e o f a c t i o n t h a t has l e d t o f a u l t i n g on 
many r i g i d pavements p l a c e d on a 4 o r 6-
i n . i n s u l a t i n g b l a n k e t o f sand. I n some 
i n s t a n c e s t h e sands may be m e c h a n i c a l l y 
s t a b i l i z e d by b r i n g i n g i n f i n e m a t e r i a l . 
The e x c e l l e n t d r a i n a g e c h a r a c t e r i s t i c s o f 



F i g u r e 8. A i r p h o t o s o f Sands and G r a v e l s . T h e s e t h r e e p i c t u r e s i l l u s t r a t e t h e 
s a l i e n t p a t t e r n f e a t u r e s o f s a n d and g r a v e l o u t w a s h m a t e r i a l s : C u r r e n t s c a r s , 
i n f i l t r a t i o n b a s i n s , muck c h a n n e l s , r e c t a n g u l a r f i e l d p a t t e r n s , g e n t l y r o l l i n g 
t o p o g r a p h y , and few s h o r t g u l l i e s . The p i c t u r e on t h e l e f t i s o f an a r e a i n 
F u l t o n C o u n t y , j u s t e a s t o f L a k e M a n i t o u i n an o u t w a s h c h a n n e l l e a d i n g to t h e 
T i p p e c a n o e R i v e r . The c e n t e r i l l u s t r a t i o n i s o f the outwash from t h e V a l p a r a i s o 
M o r a i n e i n e a s t e r n L a p o r t e County! and the photo on the r i g h t i s o f the o u t w a s h 
p a t t e r n i n n o r t h e r n S t . J o s e p h County. A l l t h r e e p h o t o s a r e t o the same s c a l e . 

t h e sand may r e q u i r e t h a t w a t e r - p r o o f paper 
be l a i d on t h e subgrade b e f o r e c o n c r e t e i s 
p o u r e d t o h a l t t h e d r a i n i n g o f t h e w a t e r 
from the mix i n t o t h e subgrade. 

Sandy Outwash - N o r t h e r n I n d i a n a has many 
a r e a s o f sandy outwash formed d u r i n g t h e 
time o f th e L a t e Wisconsin g l a c i e r by break
t h r o u g h s o r o v e r - f l o w s o f t h e m o r a i n e s by 
w a t e r s impounded by r a p i d m e l t i n g o f t h e 
g l a c i a l f r o n t . The s u r f a c e and topography 
i s q u i t e s i m i l a r t o t h e a r e a mapped as 
l a r g e f l a t areas o f deep sands e x c e p t t h a t 

sand dunes are much l e s s i n e v i d e n c e . The 
t e x t u r e o f t h e s u r f a c e sands does n o t f a l l 
w i t h i n such n a r r o w bands as t h a t o f t h e 
sands p r e v i o u s l y d e s c r i b e d and t h e under
l y i n g m a t e r i a l , f r e q u e n t l y g r a v e l , may 
o c c u r a t s h a l l o w o r c o n s i d e r a b l e d e p t h s . 
The t o p o g r a p h y may be g e n t l y r o l l i n g and 
t h e r e i s l i t t l e s u r f a c e d r a i n a g e . The 
g r a n u l a r n a t u r e o f t h e s o i l and the under
l y i n g g r a v e l i s such as t o g i v e e x c e l l e n t 
i n t e r n a l d r a i n a g e , b u t a r t i f i c i a l d r a i n a g e 
has been p r a c t i c e d t o l o w e r t h e u s u a l l y 
h i g h w a t e r t a b l e . 



There i s o f t e n marked c o n t r a s t i n t h e 
a i r p h o t o p a t t e r n b e t w e e n s o i l s o f t h i s 
g r o u p and t h e a d j a c e n t sand and g r a v e l 
areas, as seen i n F i g u r e 6. H i e t o p o g r a p h i c 
c o n t r a s t i s a l s o well-marked ( F i g . 7 ) . The 
c o l o r t o n e s o f t h e a i r p h o t o o f sandy o u t -
wash a r e q u i t e u n i f o r m gray. H i e r e are no 
g u l l i e s i n e v i d e n c e a l t h o u g h f a i n t i n f i l 
t r a t i o n b a s i n s and c u r r e n t s c a r s may be 
seen. The f i e l d p a t t e r n i s r e c t a n g u l a r . 
The h i g h w a y p r o b l e m o f m a j o r consequence 
i n t h i s a r e a i s t h a t o f d r a i n a g e , f o r un
l e s s t h e a r e a has been d i t c h e d t h e f r e e -
w a t e r s u r f a c e may be t o o near t h e s u r f a c e 
t o a l l o w s t a b l e suhgrade c o n d i t i o n s . F a u l t 
i n g a l s o may occur. 

Sands and Gravels - Large areas i n n o r t h e r n 
I n d i a n a were mapped as sands and g r a v e l s 
c o n s i s t i n g l a r g e l y o f o u t w a s h d e p o s i t s 
a l o n g g l a c i a l s t r e a m s and f r o m w a t e r im
pounded b e h i n d moraines. S o i l p r o f i l e s i n 
t h i s area u s u a l l y show 6 to-18 i n . o f sand, 
i n c l u d i n g some t o p s o i l , over a f o o t o r two 
o f g r a v e l c o n t a i n i n g v a r y i n g amounts o f 
sand, s i l t , and c l a y . Since t h e m a t e r i a l s 
were w a t e r - l a i d t h e y a r e s t r a t i f i e d , and 
l a y e r s o f sands and g r a v e l s may be encoun
t e r e d t o an a p p r e c i a b l e d e p t h . The t o p o 
graphy v a r i e s f r o m u n d u l a t i n g t o s t r o n g l y 
r o l l i n g . S u r f a c e d r a i n a g e i s n o t s t r o n g l y 
d e v e l o p e d as t h e d r a i n a g e i s l a r g e l y i n 
t e r n a l . Muck c h a n n e l s may be f a i r l y 
numerous. 

The f e a t u r e o f t h e a i r p h o t o p a t t e r n i s 
the m o t t l e d and p i t t e d appearance t y p i c a l 
o f c o a r s e , g r a n u l a r m a t e r i a l s . A l t h o u g h 
t h e s u r f a c e d r a i n a g e i s s l i g h t t h e r e a r e 
s h o r t V-shaped g u l l i e s and many c u r r e n t 
s c a r s and i n f i l t r a t i o n b a s i n s . C o l o r tones 
a r e p r e d o m i n a n t l y l i g h t t o l i g h t g r a y b u t 
many d a r k muck p o c k e t s and c h a n n e l s a r e 
l i k e l y t o d e v e l o p . The f i e l d p a t t e r n i s 
u s u a l l y r e c t a n g u l a r , and o r c h a r d s are f r e 
q u e n t l y v i s i b l e on t h e p h o t o s . The s i m i 
l a r i t i e s among t h e p a t t e r n s f r o m w i d e l y 
s c a t t e r e d l o c a t i o n s may be observed i n t h e 
photos i n F i g u r e 8. 

These m a t e r i a l s a r e among t h e b e s t o f 
the subgrade s o i l s . They are w e l l d r a i n e d 
and s t a b l e . I n some a r e a s t h e t o p o g r a p h y 
i s s u f f i c i e n t l y r u g g e d t o c a u s e f a i r l y 
steep grades and r a t h e r deep c u t s . E x c e l l e n t 
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p e r f o r m a n c e may be e x p e c t e d i n g e n e r a l i n 
these s o i l s a l t h o u g h some f a u l t i n g may oc
c u r a t s l a b j o i n t s u n d e r heavy t r a f f i c . 
Muck p o c k e t s s h o u l d be avoided b u t an abun
dance o f g r a n u l a r m a t e r i a l s i s a v a i l a b l e 
f o r f i l l s and o t h e r c o n s t r u c t i o n . S l i g h t 
e vidences o f pumping have been observed i n 
c u t s i n t h i s area, b u t samples o f t h e sub-
g r a d e s o i l f r o m t h e l o c a t i o n s i n v o l v e d 
showed no m e a s u r a b l e p l a s t i c o r l i q u i d 
l i m i t s and had b u t 3 t o 15 p e r c e n t o f t h e 
t o t a l sample f i n e r t h a n the No. 200 s i e v e . 

Plastic and Semiplastic Drift - A l t h o u g h 
t h e t e r m i n a l and g r o u n d m o r a i n e s o f t h e 
W i s c o n s i n d r i f t s h e e t a r e n o t i n c l u d e d i n 

1 
F i g u r e 9. A i r p h o t o o f P l a s t i c D r i f t . T h i s 
a i r p h o t o , c o v e r i n g an a r e a j u s t s o u t h o f 
US 24 i n s o u t h e r n J a s p e r C o u n t y , I n d i a n a , 
i s r e p r e s e n t a t i v e o f t h e p a t t e r n o f l a r g e 
a r e a s o f W i s c o n s i n d r i f t t i l l p l a i n s . I t 
s h o w s a b s e n c e o f i n t e n s e e r o s i o n , a b u n 
d a n c e o f phantom d r a i n a g e as i n d i c a t e d by 
t h e a r r o w s , g e n t l y b l e n d e d l i g h t and d a r k 
c o l o r t o n e s , a n d r e c t a n g u f i e 1 d w h i c h a r e 
f e a t u r e s u s u a l l y f o u n d i n a i r p h o t o s o f 

t h i s s o i l t y p e . 
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the "sands" d i s c u s s e d here, i t i s necessary 
t o d e s c r i b e them i n o r d e r f o r them t o be 
used as background f o r t h e a i r p h o t o i n t e r 
p r e t a t i o n o f s h a l l o w sands on d r i f t as w e l l 
as f o r d e s c r i p t i o n o f t h e e n g i n e e r i n g 
c h a r a c t e r i s t i c s o f t h e s h a l l o w sands. Map
ped as p l a s t i c d r i f t a r e t h e g r o u n d mo
r a i n e s , o c c u r r i n g i n t h e a r e a , many o f t h e 
t e r m i n a l and m a r g i n a l m o r a i n e s , and areas 
o f w a t e r w o r k e d d r i f t . The P h o r i z o n o f 
these s o i l s may be a c o m b i n a t i o n o f p l a s t i c 
c l a y s and s i l t s w i t h sands w h i l e t h e p a r e n t 
m a t e r i a l i s a somewhat heterogeneous mass 
o f c l a y s , s i l t s , and peb b l e s . The s o i l i s 
r e l a t i v e l y i m p e r m e a b l e and has f l a t t o 
g e n t l y r o l l i n g t o p o g r a p h y e x c e p t i n t h e 
m o r a i n i c areas where i t i s somewhat rough
e r . The s e m i p l a s t i c m o r a i n e s e x h i b i t 

t o p o g r a p h y somewhat l e s s r e g u l a r t h a n t h e 
p l a s t i c t i l l . I t s p r o f i l e development i s 
s i m i l a r t o t h a t o f t h e p l a s t i c d r i f t a l 
t h o u g h t h e B and C h o r i z o n s a r e somewhat 
more g r a n u l a r . The p a r e n t m a t e r i a l con
t a i n s s u f f i c i e n t sand and g r a v e l t o p r o v i d e 
some p e r m e a b i l i t y . 

The a i r p h o t o p a t t e r n o f p l a s t i c d r i f t 
as seen i n F i g u r e 9 e x h i b i t s an absence o f 
i n t e n s e e r o s i o n , and i n t h e n o n - m o r a i n i c 
areas d i t c h i n g has been n e c e s s a r y t o p r o 
v i d e some d r a i n a g e . The p a t c h y l i g h t and 
dark areas, g e n t l y merging, a r e a develo p 
ment o f t h e d r a i n a g e c o n d i t i o n s , t h e d a r k 
areas b e i n g t h e de p r e s s i o n s and the l i g h t e r 
a r e a s t h e r e l a t i v e r i s e s . T h e r e i s an 
abundance o f phantom d r a i n a g e because o f 
the i m p e r v i o u s n a t u r e o f the s u b s o i l . Rec-

P'igure 10. A i r p h o t o o f S e m i p l a s t i c D r i f t . 
T h i s p h o t o i s o f an a r e a i n s o u t h e r n F u l t o n 
C o u n t y mapped a s s e m i p l a s t i c d r i f t . By 
c o n t r a s t w i t h t he p a t t e r n o f p l a s t i c d r i f t , 
i l l u s t r a t e d i n F i g u r e 9, i t s h o w s more 
i r r e g u l a r s l o p e s , some e r o d e d s l o p e s , a more 
d e f i n i t e t r a n s i t i o n f r o m l i g h t t o d a r k 
c o l o r t o n e s , and a somewhat more d e v e l o p e d 
d r a i n a g e b u t w i t h some i n f i l t r a t i o n b a s i n s 

a s i n d i c a t e d by the a r r o w s . 

F i g u r e 11. A i r p h o t o o f G r a n u l a r D r i f t . 
R e p r e s e n t a t i v e o f t h e g r a n u l a r d r i f t o f the 
M a x i n k u c k e e M o r a i n e i n n o r t h e r n F u l t o n 
C o u n t y , t h i s p h o t o i s o f an a r e a a l o n g US 
31. I t e x h i b i t s t h e t y p i c a l f e a t u r e s o f 
t h e p a t t e r n o f t h i s t y p e o f a r e a : Abun
d a n c e o f s t e e p s l o p e s a n d f r e s h l y e r o d e d 
s l o p e s w i t h V - s h a p e d s t r i a t e d g u l l i e s ( a ) 
T h e r e a r e muck p o c k e t s and an abu n d a n c e o f 
i n f i l t r a t i o n b a s i n s ( b ) a n d l i g h t c o l o r 

t o n e s p r e d o m i n a t e . 
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t a n g u l a r f i e l d p a t t e r n s are c h a r a c t e r i s t i c 
o f a p l a s t i c s o i l . The p a t t e r n o f t h e 
s e m i g r a n u l a r a r e a s ( F i g . 10) i s i n t e r 
m e d i a t e between t h e p l a s t i c d r i f t as des
c r i b e d and g r a n u l a r d r i f t . The s l o p e s are 
more i r r e g u l a r than i n p l a s t i c d r i f t ; t h e r e 
are some evidenc e s o f phantom d r a i n a g e and 
a l s o some f r e s h g u l l i e s ; the c o l o r t r a n s i 
t i o n from l i ^ t t o d a r k i s more pronounced; 
and t h e r e may be some i n f i l t r a t i o n b a s i n s . 

The m a j o r p r o b l e m i n t h e p l a s t i c d r i f t 
a r e a i s t h a t o f c u t s i n t o t h e p l a s t i c B 
h o r i z o n and p a r e n t m a t e r i a l . Due t o t h e 
g e n t l y r o l l i n g n a t u r e o f t h e t o p o g r a p h y , 
t h e r e i s a t e n d e n c y i n d e s i g n t o c u t i n 
the r i s e s and f i l l i n t h e d e p r e s s i o n s . The 
f i l l i n t h e d e p r e s s i o n s i s a d v a n t a g e o u s 
f o r i t p r o v i d e s an e l e v a t e d grade l i n e i n 
an a r e a where d r a i n a g e i s p o o r . However, 
f u r t h e r e l e v a t i o n o f t h e grade l i n e i s de
s i r a b l e t o a v o i d c u t s . Performance o f pave
ments i n c u t s , p a r t i c u l a r l y where t h e grade 
c r o s s e s changes i n p r o f i l e , i s g e n e r a l l y 
r a t h e r poor. Tlie i m p e r v i o u s n a t u r e o f t h e 
s o i l makes d r a i n a g e a p r o b l e m i n t h e s e 
a r e a s . R i g i d pavements w i l l f r e q u e n t l y 
develop pumping i n these c u t s . F r o s t heaves 
a r e a l s o f r e q u e n t occurrences i n c u t sec
t i o n s and s p r i n g breakups o f f l e x i b l e pave
ments a r e p r e v a l e n t i n t h e c u t s e c t i o n s 
d u r i n g t h e season. I f t h e grade l i n e can
n o t be s u f f i c i e n t l y e l e v a t e d and c u t s prove 
t o be necessary, a b l a n k e t l a y e r o f granu
l a r m a t e r i a l i s recommended. Problems i n 
the s e m i p l a s t i c areas are n o t u n l i k e those 
j u s t d e s c r i b e d ; a l t h o u g h t h e t e x t u r e o f 
t h e s o i l s i s l e s s p l a s t i c , i t i s s t i l l 
s u f f i c i e n t l y p o o r t o cause p o o r pavement 
performance i n c u t s . Tlie rougher n a t u r e o f 
t h e t o p o g r a p h y makes e l i m i n a t i o n o f c u t s 
u n l i k e l y so t h a t t h e b l a n k e t course i n c u t s 
i s d e s i r e d i n c o n s t r u c t i o n . Drainage meas
ures need a l s o be taken. 

GranuZar Drift - These d e p o s i t s a r e more 
l i k e l y t o have been l e f t as t e r m i n a l o r 
edge m o r a i n e s t h a n as g r o u n d m o r a i n e s . 
TTiey e x h i b i t a r o u g h e r topography t h a n t h e 
more p l a s t i c f o r ms o f d r i f t . The p a r e n t 
m a t e r i a l i s g r a n u l a r and c o n t a i n s l a r g e 
p e r c e n t a g e s o f sand and g r a v e l , as w e l l as 
some s i l t and c l a y . I t i s o f t e n c h a r a c t e r 
i z e d as " d i r t y g r a v e l . " The c o m p a r a t i v e 
s t e e p n e s s o f t h e s l o p e s has r e t a r d e d t h e 

development o f t h e B h o r i z o n so t h a t t h i s 
h o r i z o n i s more s h a l l o w t h a n i n t h e more 
p l a s t i c d r i f t s o i l s and i t tends t o be p r e 
d o m i n a n t l y s i l t y . 

The s t e e p n e s s o f t h e s l o p e s i s accom
p a n i e d by r e l a t i v e l y g r e a t e r d e p r e s s i o n s 
and t h e development o f muck areas i s more 
p r e v a l e n t i n t h i s t y p e o f d r i f t . E x c e p t 
i n t h e muck a r e a s , l i g h t c o l o r t o n e s p r e 
d o m i n a t e , b u t t h e y a r e i n t e r s p e r s e d w i t h 
many i n f i l t r a t i o n b a s i n s , i n d i c a t i n g t h e 
g r a n u l a r n a t u r e o f t h e p a r e n t m a t e r i a l . 
The s l o p e s a r e more f r e s h l y e r o d e d and 
g u l l i e s a r e n o r e numerous t h a n i n p l a s t i c 
o r s e m i p l a s t i c d r i f t s . The g u l l i e s f r e 
q u e n t l y have a s t r i a t e d appearance and have 

F i g u r e 12. A i r p h o t o o f Sand ( 3 t o 5 f e e t 
d e e p ) A r e a . T h i s a r e a i n c e n t r a l J a s p e r 
County o c c u r s on the n o r t h e r n s l o p e s o f the 
M a r s e i l l e s M o r a i n e w h e r e t h e s a n d s o f t h e 
K a n k a k e e b a s i n h a v e been c a r r i e d up o v e r 
t h e d r i f t . I t i s m a r k e d by smooth s l o p e s 
w i t h some d u n e s w h i c h a r e u s u a l l y c o v e r e d 
by n a t i v e t r e e s . T h r e e o f t h e s e d u n e s a r e 
o u t l i n e d on t h e p h o t o . T h e r e i s l i t t l e 
e v i d e n c e o f s u r f a c e r u n o f f and t h e l i g h t 
a n d g r a y c o l o r t o n e s t a k e t h e p a t t e r n o f 

the u n d e r l y i n g d r i f t . 
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f a i r l y s t e e p s i d e s . Many o f t h e s e f e a 
t u r e s w i l l be n o t e d i n F i g u r e 1 1 . D i t c h i n g 
i s n o t n e c e s s a r y t o s e c u r e d r a i n a g e f o r 
these s o i l s . 

The m a j o r problem o f t h i s area i s p r o b 
a b l y t h a t o f l o c a t i o n . The t o p o g r a p h y i s 
r e l a t i v e l y r o u g h and t h e s l o p e s a r e s u f 
f i c i e n t l y s t e e p t o i n t r o d u c e t h e need f o r 
m o d e r a t e l y deep c u t s and c o r r e s p o n d i n g l y 
h i g l ] f i l l s . Another f a c t o r i n t h e l o c a t i o n 
problem i s the occurrence o f muck pockets i n 
the area. However, t h e problem o f c u t s and 
f i l l s i s n o t a d i f f i c u l t one because o f t h e 
g r a n u l a r n a t u r e o f the s o i l s . They p r o v i d e 
e x c e l l e n t embankment m a t e r i a l and d r a i n 
w e l l , even i n c u t s . G u t t e r s o f m oderate 
d e p t h i n deep c u t s s h o u l d k e e p t h e sub-

1 
F i g u r e 13. A i r p h o t o o f S h a l l o w S a n d s on 
P l a s t i c D r i f t . T h i s a r e a o c c u r s i n c e n t r a l 
Newton C o u n t y i n I n d i a n a on t h e n o r t h e r n 
s l o p e s o f the M a r s e i l l e s M o r a i n e , b u t un
l i k e t h e s i m i l a r l o c a t i o n i n J a s p e r C o u n t y 
( F i g . 1 2 ) t h e s e s a n d s a v e r a g e l e s s t h a n 3 
f t . i n d e p t h . T h i s p h o t o e x h i b i t s most o f 
t h e f e a t u r e s o f t h e a i r p h o t o p a t t e r n o f 
p l a s t i c d r i f t , i n c l u d i n g phantom d r a i n a g e . 
C o l o r t o n e s a r e v e r y l i g h t on t h e e l e v a t e d 

a r e a s and g r a y i n the d e p r e s s i o n s . 

g r a d e r e a s o n a b l y w e l l d r a i n e d . The ma
t e r i a l s a r e s u f f i c i e n t l y graded t o p r o v i d e 
e x c e l l e n t borrow m a t e r i a l and can be used 
as s u r f a c i n g f o r c o u n t y r o a d s . Poor p e r 
formance i s n o t t o be e x p e c t e d e x c e p t un
d e r a d v e r s e c o n d i t i o n s o f t r a f f i c and 
c l i m a t e . The p r o b l e m o f s u r f a c e e r o s i o n 
i s one which should be c o n s i d e r e d , and p r o 
t e c t i o n i s needed f o r c u t and embankment 
slop e s t o r e t a r d e r o d i n g . 

Sands on Drift - These sands were i n c l u d e d 
as an i n t e r m e d i a t e group between the s h a l 
l o w sands, w h i c h were mapped as 3 f t . o r 
l e s s i n d e p t h , and t h e deep sands, w h i c h 
i n c l u d e d t h o s e 5 f t . deep and more. I n 
sands o f t h i s i n t e r m e d i a t e depth t h e c h a r 
a c t e r o f t h e u n d e r l y i n g d r i f t has some i n 
f l u e n c e on t h e a i r p h o t o p a t t e r n as w e l l as 
on t h e highway p r o b l e m s i n v o l v e d , b u t i t 
d i d n o t appear f e a s i b l e t o a t t e m p t t o d i f -
f e n t i a t e between t h e d i f f e r e n t t y p e s o f 
u n d e r l y i n g d r i f t on t h e b a s i s o f t h e a i r 
photo p a t t e r n . F i e l d s ampling showed sands 
o f t h i s d e p t h l y i n g on p l a s t i c , s e m i p l a s t i c 
and g r a n u l a r d r i f t . The s u p e r f i c i a l f e a 
t u r e s o f t h i s a r e a a r e t h o s e o f t h e deep 
sands as d i s c u s s e d e a r l i e r . The sands ar e 
e i t h e r w a t e r - l a i d o r w i n d - b l o w n and gen
e r a l l y a r e one-size^) i n t e x t u r e a l t h o u g h 
t h e w a t e r - d e p o s i t e d s a n d s m.ay i n c l u d e 
l a r g e r g r a i n s . 

F i g u r e 12 shows t h a t t h e c o l o r tones o f 
t h i s s o i l p a t t e r n a r e l i g h t and g r a y , oc
c u r r i n g i n a p a t t e r n s i m i l a r t o t h a t o f the 
u n d e r l y i n g d r i f t . However, t h e c h a r a c t e r 
i s t i c m o t t l i n g shows t h r o u g h i n a m o d i f i e d 
form and t h e s u r f a c e i s f u r t h e r m o d i f i e d 
by sand dunes and r i d g e s . The s l o p e s a r e 
g e n e r a l l y smooth and t h e r e i s a c e r t a i n 
amount o f phantom d r a i n a g e . Surface r u n o f f 
i s g e n e r a l l y l a c k i n g . As i s c h a r a c t e r i s t i c 
o f sand dunes, they may be covered w i t h oak 
t r e e s when t h e y a r e s u f f i c i e n t l y r o u g ^ and 
have so l i t t l e t o p s o i l d e v e l o p m e n t t h a t 
t h e y a r e n o t t i l l a b l e . D e p t h o f sand i n 
th e dunes may, o f course, be o v e r 5 f t . b u t 
on a s m a l l s c a l e map i t was n o t r e a s o n a b l e 
t o map such i s o l a t e d s p o t s . 

The highway p r o b l e m s o f t h i s s o i l a r e a 
a r e n o t d i s s i m i l a r t o t h o s e o f t h e a r e a s 
o f more s h a l l o w s a n d s , e x c e p t t h a t t h e 
problems can be expected t o occur w i t h l e s s 
f r e q u e n c y . The sands a r e o f s u f f i c i e n t 



depth t h a t t h e y p r o v i d e a good subgrade i n 
s p i t e o f t h e c h a r a c t e r o f t h e u n d e r l y i n g 
d r i f t , u n l e s s c u t s p e n e t r a t e t o o d e e p l y . 
Consequently, o n l y i n the deeper c u t s need 
we be c o n c e r n e d w i t h p o o r s u b g r a d e c o n 
d i t i o n s . The t o p o g r a p h y w i l l be a f f e c t e d 
by t h a t o f t h e u n d e r l y i n g d r i f t . I f t h e 
d r i f t i s g r a n u l a r t h e r e i s t h e pr o b l e m o f 
l o c a t i o n t o a v o i d deep c u t s and f i l l s and 
t o a v o i d muck po c k e t s . I n the more s h a l l o w 
areas o f sand and where t h e c u t s are deep
e r , t h e problems i n v o l v e d a r e those o f the 
u n d e r l y i n g m a t e r i a l . I n deep c u t s i n t o 
p l a s t i c d r i f t i t i s p a r t i c u l a r l y necessary 
t o p r o v i d e i n t e r c e p t i n g d r a i n a g e f o r 
ground-water f l o w from the s a n d - d r i f t bound
a r y . H i e g r a i n s i z e o f the s e sands makes 
them s u b j e c t t o w i n d e r o s i o n , as w e l l as 
e r o s i o n by r u n n i n g w a t e r . The l a c k o f 
b i n d e r m a t e r i a l l e a d s t o p r o b l e m s i n em
bankment c o n s t r u c t i o n as discussed e a r l i e r . 

Shallow Sands on Plastic Drift - T h i s c l a s 
s i f i c a t i o n i n c l u d e s sands o f d e p t h s t o 
about 3 f t . T h i s type may occur i n areas 
where deep, w a t e r - l a i d sand d e p o s i t s a r e 
b o r d e r e d by p r e - e x i s t i n g a r e a s o f d r i f t 
and a l s o i n c l u d e s a r e a s o f s h a l l o w w i n d 
blown sand which may o r may n o t be i s o l a t e d 
from t h e i r s o u r c e o f s u p p l y . The s u r f a c e 
i s w e l l - d r a i n e d b u t t h e d r i f t below nec
e s s a r i l y has the c h a r a c t e r i s t i c s o f sands-
o n - d r i f t as d e s c r i b e d above. The t o p o g 
raphy w i l l t a k e t h e form o f t h e u n d e r l y i n g 
d r i f t w i t h some m o d i f y i n g by t h e sands, 
p a r t i c u l a r l y where s c a t t e r e d dunes have 
formed. 

S a l i e n t f e a t u r e s o f t h i s s o i l p a t t e r n 
may be seen i n F i g u r e 13. Slopes are gen
e r a l l y r a t h e r s m o o t h l y rounded e x c e p t a t 
the random dunes. There i s l i t t l e e r o s i o n , 
and phantom d r a i n a g e may be seen i n many 
p l a c e s . The f i e l d p a t t e r n i s r e g u l a r and 
some d i t c h i n g i s e v i d e n t . The s m o o t h l y 
blended l i g h t and dark areas o f the p l a s t i c 
d r i f t p a t t e r n a r e i n e v i d e n c e t h r o u g h t h e 
o v e r l y i n g sand b u t t h e o v e r a l l p a t t e r n has 
been l i g h t e n e d i n c o l o r so t h a t t h e h i g h e r 
p o r t i o n s o f t h e t e r r a i n show up v e r y l i g h t 
i n c o l o r t o n e and t h e depressed areas a r e 
n o t b l a c k b u t gray. 

I h e u n d u l a t i n g n a t u r e o f t h e topography 
i n t h i s s o i l a r e a i n d i c a t e s t h a t c u t s 
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t h r o u g h t h e sh a l l o w sand and i n t o t h e under
l y i n g d r i f t may be e x p e c t e d f r e q u e n t l y . 
Tlie zone o f i n t e r s e c t i o n o f t h e sand and 
d r i f t boundary i s l i k e l y t o show e v i d e n c e s 
o f poor p e r f o r m a n c e . The c o m b i n a t i o n o f 
sharp change i n s o i l t e x t u r e combined w i t h 
t h e p l a s t i c and i m p e r v i o u s n a t u r e o f t h e 
d r i f t makes t h i s s o i l area one o f t h e w o r s t 
mapped from t h e s t a n d p o i n t o f highway prob
lems. The u s u a l p r o b l e m s o f s i l t y c l a y s 
w i l l be e n c o u n t e r e d i n t h e r e g i o n s o f c u t 
where t h e pavement i s l a i d on t h e d r i f t . 
Where pavements a r e l a i d on 1 t o 2 f t . o f 
sand, a good subgrade c o n d i t i o n n'ay p r e v a i l 
a l t h o u g h f a u l t i n g a t j o i n t s i s p o s s i b l e 
u n d e r h e a v y a x l e l o a d s . D r a i n a g e i s a 

F i g u r e 14. A i r p h o t o o f S h a l l o w S a n d s on 
G r a n u l a r D r i f t . T h i s a i r p h o t o e x h i b i t s a 
c o m b i n a t i o n o f the f e a t u r e s o f s a n d s s u p e r 
i m p o s e d on t h o s e o f g r a n u l a r d r i f t . I n 
f i l t r a t i o n b a s i n s a r e e v i d e n t a n d many 
muck p o c k e t s a r e s e e n , some o f w h i c h a r e 
o u t l i n e d on t h e p h o t o . An a r e a o f d e e p e r 
s a n d s a n d d u n e s may be o b s e r v e d i n t h e 
l o w e r r i g h t s i d e o f t h e p r i n t a s i n d i c a t e d 
by t h e a r r o w . T h i s p h o t o i s o f an a r e a 
a l o n g I n d i a n a SB No. 17 i n w e s t e r n M a r s h a l l 

C ounty. 
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p r o b l e m i n t h e moderate and deep c u t s and 
i t w i l l be n e c e s s a r y t o i n t e r c e p t t h e 
ground-water f l o w . F r o s t heaves may be en
coun t e r e d , n o t o n l y i n the c u t s b u t p o s s i b l y 
i n o t h e r areas where t h e sand i s s h a l l o w . 
Tlie s o l u t i o n f o r t h e p r o b l e m s i s e s s e n 
t i a l l y t h a t o f m a i n t a i n i n g a h i g h g r a d e 
l i n e o r o f p r o v i d i n g a b l a n k e t l a y e r i n t h e 
deep c u t s and m a i n t a i n i n g p r o p e r d r a i n a g e . 

Shallow Sands on Granular Drift - Again, as 
was t h e case w i t h g r a n u l a r d r i f t , the topog
raphy o f t h i s s o i l area tends t o be i r r e g u 
l a r and i s i n f l u e n c e d a l m o s t e n t i r e l y by 
t h a t o f t h e u n d e r l y i n g d r i f t . The sands 
t e n d t o modulate t h e s l o p e s , b u t t h e r e a r e 
o c c a s i o n a l dunes p r o v i d i n g a c c e n t s t o t h e 
to p o g r a p h y . The s u r f a c e i s w e l l d r a i n e d , 
l a r g e l y i n t e r n a l l y , e x c e p t i n t h e depress
i o n s where muck p o c k e t s have formed. Tbe 
d e p t h o f t h e sands v a r i e s f r o m % t o 3 f t . 

F i g u r e 15. A i r p h o t o o f S c a t t e r e d A r e a s o f 
S a n d s on P l a s t i c D r i f t . T h i s p a t t e r n i s 
p r e d o m i n a n t l y t h a t o f p l a s t i c d r i f t , b u t 
s u p e r i m p o s e d on i t a r e l i g h t s a n d p a t c h e s 
a s o u t l i n e d . I t r e p r e s e n t s a n a r e a i n 

s o u t h e a s t Newton C o u n t y . • 

and t h e y a r e u n d e r l a i n by a p a r t i a l l y de
vel o p e d g r a n u l a r d r i f t P-type h o r i z o n w i t h 
t h e g r a v e l l y p a r e n t m a t e r i a l below. 

Comparison o f F i g u r e 14 w i t h F i g u r e 11 
w i l l show how t h e s u r f a c e l a y e r o f sand has 
m o d i f i e d the a i r p h o t o p a t t e r n o f the granu
l a r d r i f t . Tbere i s s t i l l an abundance o f 
steep s l o p e s , s l i g h t l y m o d i f i e d by the sand. 
The g u l l i e s a r e f a i r l y s h a r p and i n f l i t r a -
t i o n b a s i n s a r e n o t e d . The g r e a t e s t d i f 
f e rence i n t h e p a t t e r n s i s perhaps the con
t r a s t i n c o l o r tones. On t h e s h a l l o w - s a n d 
p r i n t , t h e h i g h e r a r e a s a r e much w h i t e r 
t h a n on t h e g r a n u l a r d r i f t b u t t h e r e a r e 
much b l a c k e r t o n e s on t h e s h a l l o w - s a n d 
p r i n t s f o r muck p o c k e t s a r e more prone t o 
d e v e l o p . S c a t t e r e d a r e a s o f w i n d - b l o w n 
a c t i o n may be seen, seme o f i t s t i l l a c t i v e , 
and n a t i v e t r e e s c o v e r most o f t h e dunes. 

The p r o b l e m s o f t h i s s o i l a r e a , o t h e r 
t h a n t h a t o f l o c a t i o n because o f t h e r o u ^ 
t o p o g r a p h y and muck p o c k e t s , a r e n o t ex
pec t e d t o be g r e a t . The change i n t e x t u r e 
i s l e s s s h a r p t h a n f o r s h a l l o w sands on 
p l a s t i c d r i f t w i t h t h e r e s u l t t h a t p e r f o r 
mance, even i n deep c u t s , w i l l n o t o r d i n 
a r i l y be bad. The s o i l p r o v i d e s good sub-
grade s u p p o r t , e x c e p t p o s s i b l y i n r e g i o n s 
o f h i g h g r o u n d w a t e r where t h e r e may be 
a p p r e c i a b l e s o f t e n i n g o f f l e x i b l e pavements. 
S u f f i c i e n t g r a n u l a r m a t e r i a l i s a v a i l a b l e 
f o r f i l l as needed. Problems o f compaction 
and e r o s i o n , as d i s c u s s e d f o r sand dunes 
and r i d g e s , have some a p p l i c a t i o n i n t h e 
s h a l l o w sand areas t o o . 

Scattered Areas of Sands on Drift - These 
s o i l a r e a s were s e p a r a t e d and mapped n o t 
because o f t h e i r i m p o r t a n c e b u t because o f 
the danger o f i n c l u d i n g them as sand areas 
i f t h e y were n o t p o i n t e d o u t . The charac
t e r i s t i c s v a r y from those o f the u n d e r l y i n g 
d r i f t , w h e t h e r i t i s p l a s t i c o r g r a n u l a r , 
t o t h o s e o f deep sands. The d r i f t p r e 
dominates, b u t i t may be covered w i t h sand 
i n s c a t t e r e d a r e a s . These sands w i l l v a r y 
from t h i n smears o f wind-blown sand o n l y a 
few i n c h e s deep t o wi n d - b l o w n d e p o s i t s i n 
dune form, t h e l a t t e r sometimes b e i n g many 
f e e t deep. T h e r e may a l s o be a r e a s o f 
w a t e r - l a i d sands which were d e p o s i t e d a l o n g 
shores o f sm a l l former l a k e s . As w i t h most 
sand s u r f a c e s , t h e t o p s o i l d evelopment i s 
l i m i t e d , p a r t i c u l a r l y on t h e s l o p e s . The 
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topography i s b a s i c a l l y t h a t o f the d r i f t , 
u n d u l a t i n g f o r p l a s t i c d r i f t and compara
t i v e l y rough f o r g r a n u l a r d r i f t , w i t h oc
c a s i o n a l m o d i f i c a t i o n s where t h e sand has 
c a u s e d r o u n d i n g o f t h e s l o p e s o r where 
wind-formed dunes have p u n c t u a t e d t h e h i g h 
p o i n t s o f the topography. 

A i r p h o t o p a t t e r n s o f t h i s t y p e a r e 
i l l u s t r a t e d by F i g u r e s 15 and 16. I n t h e 
p l a s t i c d r i f t a r e a s , t h e f e a t u r e s o f t h e 
p l a s t i c d r i f t p a t t e r n p r e d o m i n a t e . The 
s l o p e s a r e s m o o t h l y r o u n d e d , s o m e t i m e s 
a c c e n t u a t e d by dune f o r m a t i o n . The p a t c h y 
l i g h t and dark c o l o r tones are o c c a s i o n a l l y 
p u n c t u a t e d by a l i g h t e r area i n d i c a t i n g a 
sand d e p o s i t . Phantom d r a i n a g e and d i t c h 
i n g a r e p r o m i n e n t . C o l o r t o n e s o f t h e 
p a t t e r n i n t h e g r a n u l a r d r i f t a r e a w i l l 
n o t be g r e a t l y changed by t h e s c a t t e r e d 
a r eas o f sand s i n c e t h e d r i f t p a t t e r n was 
f a i r l y l i g h t due t o the w e l l d r a i n e d n a t u r e 
o f t h e s o i l . However, t h e s c a t t e r e d areas 
o f sand may i n t r o d u c e o c c a s i o n a l l i g h t e r 
s p o t s . The amount o f m o d i f i c a t i o n o f t h e 
p a t t e r n i s an i n d i c a t i o n o f t h e d e p t h o f 
th e o v e r l y i n g sand; i f t h e p a t t e r n i s b u t 
l i t t l e m o d i f i e d , t h e r e i s v e r y l i t t l e cover; 
i f the p a t t e r n i s g r e a t l y m o d i f i e d , t h e i n 
f l u e n c e o f t h e sand i s e v i d e n t l y s t r o n g e r . 
S l o p e s w i l l be s t e e p and f r e s h l y e r o d e d 
w i t h V-shaped g u l l i e s w i t h o c c a s i o n a l l y a 
wind-swept appearance t o the m o d i f i c a t i o n s . 

S o i l s i n t h e s e r e g i o n s s h o u l d r e c e i v e 
e s s e n t i a l l y the same c o n s i d e r a t i o n as those 
i n t h e s u r r o u n d i n g d r i f t areas. I t i s im
p o r t a n t t h a t t h e y n o t be t r e a t e d g e n e r a l l y 
as sand areas, p a r t i c u l a r l y i n t h e p l a s t i c 
d r i f t r e g i o n f o r t h e s o i l t y p e i s l i t t l e 
b e t t e r t h a n t h a t o f t h e u n d e r l y i n g d r i f t 
and has the f u r t h e r d i s a d v a n t a g e o f an ad
d i t i o n a l change i n t e x t u r e . 

Associated Muck, Peat, and Flood Plains -
A l l u v i a l a r e a s h a v e been s u b j e c t e d t o 
f l o o d i n g d u r i n g c o m p a r a t i v e l y r e c e n t times 
and may c u r r e n t l y be l i a b l e t o f l o o d . They 
a r e made up o f a s e r i e s o f w a t e r l a i d de
p o s i t s w h i c h may v a r y a p p r e c i a b l y i n t e x 
t u r e . They form an area o f p o s s i b l e s h i f t 
i n g stream channel as ev i d e n c e d by oxbows, 
o l d c u r r e n t m a r k i n g , meanders, and o t h e r 
l i k e m a r k i n g s ( F i g . 1 7 ) . The s o i l s a r e 
p r e d o m i n a n t l y g r a n u l a r b u t may be f o u n d 
w i t h p l a s t i c l a y e r s . The c h a r a c t e r i s t i c 

markings make a i r p h o t o i d e n t i f i c a t i o n easy. 
C o l o r t o n e s a r e u s u a l l y d a r k g r a y , even 
when n o t co v e r e d by heavy v e g e t a t i o n , be
cause o f t h e d e p t h o f t h e o r g a n i c m a t t e r 
i n t h e u p p e r h o r i z o n s . T h e r e w i l l f r e 
q u e n t l y be a s h a r p d r o p f r o m t h e u p l a n d 
t o t h e a l l u v i u m , and s h o r t g u l l i e s may 
o c c a s i o n a l l y be found c u t t i n g down t h r o u g h 
the wal 1. 

Muck and peat d e p o s i t s are p a r t i c u l a r l y 
numerous i n t h e a r e a s o f sand dunes and 
r i d g e s a n d i n t h e o t h e r p r e d o m i n a n t l y 
g r a n u l a r s o i l areas and c o n s e q u e n t l y i t i s 
a p p r o p r i a t e t o d i s c u s s them i n c o n n e c t i o n 
w i t h t h e sand w i t h which they so o f t e n oc
cu r i n c o n j u n c t i o n . The d e p o s i t s may v a r y 
f r o m s h a l l o w t o g r e a t d e p t h s and may be 
u n d e r l a i n by sands, g r a v e l s , m a r l , s i l t s , 
c l a y s , o r c o m b i n a t i o n s . Tlie n a t u r e o f oc-

F i g u r e 16. A i r p h o t o o f S c a t t e r e d A r e a s o f 
S a n d s on G r a n u l a r D r i f t . T h i s p h o t o i s 
r e p r e s e n t a t i v e o f a l a r g e p o r t i o n o f w e s t e r n 
F u l t o n C o u n t y . I t has many o f t h e c h a r a c 
t e r i s t i c s o f the g r a n u l a r d r i f t p a t t e r n but 
i s m o d i f i e d w i t h many s m o o t h l y r o u n d e d 
s l o p e s o f w i n d s w e p t a p p e a r a n c e . C o l o r 
t o n e s a r e l i g h t a n d g r a y e x c e p t f o r t h e 

muck p o c k e t s . 
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Figure 17. Airphoto of A l l u v i a l S o i l Are 
a long the Tippecanoe R i v e r i n northwest 

seen as s l i g h t v a r i a t i o n 

c u r e n c e o f the a r e a s i s s u c h t h a t t h e i r , 
dra inage w i l l be very poor u n l e s s they have 
been thoroughly d i t c h e d . The heavy b l a c k 
a r e a s a r e so e v i d e n t on the a i r p h o t o a s 
h a r d l y to r e q u i r e p o i n t i n g o u t , the i n 
t e r p r e t a t i o n may r a t h e r be one o f degree 
o f development. F i g u r e s 18 and 19 are i l 
l u s t r a t i v e o f these a r e a s . 

The highway problem i s u s u a l l y one o f 
c a r r y i n g the highway a c r o s s the a r e a be
cause i t cannot be avoided. A l l u v i a l areas 
are g e n e r a l l y found p a r a l l e l to s treams, so 
i t i s as n e c e s s a r y to c r o s s them as i t i s 
to c r o s s s t r e a m s . A h i g h , l e v e l grade i s 
u s u a l l y i n d i c a t e d i n both c a s e s ; a c r o s s 
a l l u v i u m because o f p r o j e c t i n g the grade 
l i n e from the l e v e l i n the u p l a n d to the 
l e v e l o f the b r i d g e c r o s s i n g (and to s t a y 
above f l o o d l e v e l ) and i n muck and p e a t 
a r e a s because f i l l i s u s u a l l y r e q u i r e d f o r 
foundat ion support . The mat ter o f founda
t i o n s u p p o r t i s not l i k e l y to be s e r i o u s 
i n a l l u v i a l a r e a s b e c a u s e o f t h e i r f r e 
quent ly g r a n u l a r t e x t u r e . The t o t a l l y i n 
adequate s u p p o r t i n g power of muck and peat 
s o i l s a c t i n g as a suhgrade under a pavement 
i s so w e l l known a s n o t to r e q u i r e any 

a. T h i s photo shows the a l l u v i a l area 
Fu l ton County, C u r r e n t s c a r s may be 
s in the c o l o r tone. 

c o n s i d e r a t i o n . R a t h e r , i n c o n s t r u c t i o n 
a c r o s s t h e s e beds i t i s a problem o f de 
s i g n i n g and c o n s t r u c t i n g a f i l l which w i l l 
c a r r y the pavement without se t t l ement . The 
problem r e s o l v e s i n t o e i t h e r removing the 
q u e s t i o n a b l e m a t e r i a l and b a c k f i l l i n g w i t h 
a g r a n u l a r m a t e r i a l or s p e e d i n g the con
s o l i d a t i o n o f the muck and p e a t so t h a t 
de tr imenta l se t t l ement w i l l not occur a f t e r 
the pavement has been l a i d . The f a i l u r e to 
a c c o m p l i s h t h i s end i s a t t e s t e d to by ob
v i o u s s e t t l e m e n t s a c r o s s muck and p e a t 
a r e a s . These problems are c u r r e n t l y be ing 
s t u d i e d by a committee o f the Highway Re
s e a r c h Board . 

SUMMARY AND C O N C L U S I O N S 

The b a s i c t e c h n i q u e s o f i n t e r p r e t a t i o n 
o f a e r i a l photographs f o r e n g i n e e r i n g s o i l 
c h a r a c t e r i s t i c s have been a p p l i e d t o an 
e x t e n s i v e and g l a c i a l l y complex a r e a o f 
northwest I n d i a n a . Working from techniques 
of i n t e r p r e t a t i o n o f a irphoto p a t t e r n s pre 
v i o u s l y e s t a b l i s h e d , u s i n g f i e l d t r i p s to 
a i d i n c l a s s i f y i n g a r e a s i n which the a i r 
photo p a t t e r n was complex , and a p p l y i n g 
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SUMMARY OF AIRPHOTO AND HIOIWAY ENGINEERING CHARACTER I SnCS OF SOIL AREAS 

CHARACTCRISTICS AIRPHOTO PATreflNS HICHWAY PROBLEMS 
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Urge Flat 
Areaa of 
Sands 

Saod dunes 
and Ridges 

Sandy 
Outwash 

Sands and 
Gravels 

Plastic 
D r i f t 

Sena-PI a S t i c 
D r i f t 

Granular 
D r i f t 

Sands (3 to 5 
feet deep) 
on D r i f t 

Shallow Sands 
on Plastic 
Dr i f t s 

Shallow Sands 
on Granular 
D r i f t 

Scattered 
Areas of Sand 

on Plastic 
D r i f t 

Scattered 
Areas of Sand 

on &anular 
D r i f t 

Muck and Peat 

[fecent Flood 
Plains 

Very Flat over large arena 
Occasional dunes 
&anular Textures 
A r t i f i c i a l drainage 
Unifonn grain aixe in 

surface sands 

Topographically irregular 
Dunes and ridges 
Uniform grain size 
Muck Pockets 

HffC to ro l l ing 
L i t t l e surface drainage 
Sandy materials 

Send topsoil 
Layers of gravels and sanda 
Rolling topography 
Well-drained internally 
Muck channels 

Flat to gently ro l l ing 
Impermeable 
Plastic to semi-plsstic 

Less regular topography 
More granular so i l 

Often fflorainic 
Granular parent soil 
Steep slopes 
Muck arees 

Variety of underlying 
material 

Sands are one-sized 
Some festures of under

lying B s t e r i s t 
Dtines 

Drained surface 
In^rnous below 
Occasional dunea 

Irregular topography 
Muck pockets 
Occasional dunes 
Well-drained 

Like plastic d r i f t with 
some dunes and thin 
smears of sand 

Like granular d r i f t with 
scattered dunea and thin 
surface smears'Of sand 

Hetero^neous subsurface 
materials 

Low lying 
Low density 

Water-laid deposits 
Uesndera 
Marsh 

Very f l a t 
Uniform l i ^ t n-ay color tones 
No natural surface drainage 
Ditching 
Oak trees on dunes 

Dkines and ridges 
Blowouts 
No surface run-off 
Ditching 
Irregular f i e l d pattern 

Gently rolUna to f l a t 
More uniform I ig i i t gray color 

tones 
No gullies 
Some ditches 
Faint i n f i l t r a t i o n baains 

Rollins 
Few gullies 
Pitted appearance 
Current acars 
I n f i l t r a t i o n basins 
Muck channels 
Short gullies 

Snoothly-rounded ajopes 
Intense erosion absent 
patchy l i ^ t and dark 
merging areas 

Hiantom drainage 
Rectangular f i e l d pattern 

More irregular slopes 
Some eroded slopes 
Sharper color tone changes 
Phantom drains^ 
More i n f i l t r a t i o n basins 

Steep slopes 
Freanly-eroded slopes 
V-shaped guUiea 
Light color tonea 
Muck pockets 

anooth slopes 
Some dunes, covered with 
trees 

Light snd gray color tones 
in dr i f t -Tike pattern 

PhontotD drainage 

Plastic d r i f t pattern 
underlying 

Light color on noes 
Gray color in depresaiona 
Phantom drainage 

Send pattern over granular 
d r i f t pattern 

I n f i l t r a t i o n baaina 
Muck pockets 

Plastic d r i f t patterns with 
light-colored patches 

(k-anular d r i f t patterns 
with light-colored 
patches 

Unconformities 
Sharp boundaries 
Black to dark gray color 
tones 

Low areas 
Adjvcent to stream 
Dark gray color tonea 
Much vegetation 
Current scars. Oxbows 

Faulting 
Depressions 

Muck Pockets 
Slope erosion 
Faulting 

High water table 
Faulting 

Muck channels 
Faulting 

Very poor subgrede in 
cuts 

Drainage 
Pumping 
Froat heevea 

Poor subgrade in cuts 
Drainage 
Froat action 

Location 
Erosion of cut and 
embankment alopes 

F i l l acrosa muck areas 

Poor subgrade in deep
est cuts 

Drainage at soil 
boundsriea 

Faulting 

Poor subgrade in cuts 
Drainage 
Frost heaves 

Location for cut and 
f i l l and to avoid 
muck pockets 

F i l l across muck 
Slc^e erosion 

Sane as plastic d r i f t 

Same as granular d r i f t 

F i l l acrosa depressions 
Elevated grade 
Ditching 

Grass or sod for slope 
protection 

F i l I across muck 

Ditching 
Elevated grade 

Good construction 
practices 

Blanket layers 
Elevated grade 
Granular bases 
Deep gutters or 
subdrainage in cuts 

Elevated grade 
Blanket layers 
Deep gutters or 
subdrainage in cuta 

Slope protection 
Gutters in cuts 
Good muck 

construction 

Blanket layers 
Intercepting 
drainage 

Support 
Drainage 
Settlement 

Flooding 
Settlement 

Blanket layers 
Eleveted ^ade 
Intercepting 
drainage 

Slope protection 
Good embankment 
procedures 

Special muck 
construction 

Seme as plastic 
d r i f t 

Some as granular 
d r i f t 

Elevated grade 
Special methoda 

of construction 

Elevated grade 
Improved embankment 
des i^ end compac
tion methods 
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Figure 18. Airphoto Showing Stages of Muck 
Development. T h i s p i c t u r e was taken near 
the o u t w a s h - s a n d border i n s o u t h e a s t L a -
porte County. The b lack spot i n the upper 
l e f t corner of the p i c t u r e i s a p o r t i o n of 
a lake which at one time spread over a much 
l a r g e r a r e a . The b l a c k spot a t "A" i s a 
marsh which has developed in the bed of the 
f o r m e r l a k e . The a r e a s u r r o u n d i n g t h e 
marsh i s enough h i g h e r t h a t mucky s o i l s 

are developing there . 

knowledge o f s o i l s e n g i n e e r i n g and o f geo
l o g i c a l and pedolog ica l developments i n the 
a r e a , a l l or p o r t i o n s o f 12 c o u n t i e s were 
mapped. 

I t was found t h a t the comparat ive ly com
p l e x a i r p h o t o p a t t e r n s o f s o i l s i n g l a 
c i a t e d r e g i o n s can be i n t e r p r e t e d , w i t h 
c o n f i d e n c e , to p r e d i c t the s a l i e n t c h a r a c 
t e r i s t i c s o f the s o i l s photographed. The 
method i s e s s e n t i a l l y one o f a d d i n g to 
knowledge a l r e a d y ga ined about some p a t 
t e r n s and, by a r e a s o n i n g p r o c e s s , d e t e r 
min ing how those p a t t e r n s would be changed 
i f the ground they represented were covered 
by some other s o i l m a t e r i a l . For i n s t a n c e , 
the p a t t e r n o f s h a l l o w s a n d s on p l a s t i c 
d r i f t shows e v i d e n c e s o f the a i r p h o t o p a t -

F i g u r e 19. Airphoto of Muck Channel Along 
Kankakee R i v e r . T h i s i s the narrowest con
s t r i c t i o n of the Kankakee b a s i n and the 
w a l l s , p a r t i c u l a r l y on the r i g h t , are qu i te 
d i s t i n c t . The outwash to the r i g h t f u r 
n i s h e s some of the best grave l i n I n d i a n a . 
T h a t to the l e f t o f the c h a n n e l i s more 
s a n d y . Muck and p e a t d e p o s i t s h e r e a r e 
many f e e t deep, c a u s i n g the u n i f o r m f l a t 

gray co lor tone. 

t e r n s o f both m a t e r i a l s , but the combina
t i o n i s a new one. 

R e s u l t s from e x t e n s i v e pavement p e r f o r 
mance s u r v e y s make i t p o s s i b l e , a f t e r the 
s o i l s of a g iven a r e a have been i d e n t i f i e d 
from the a i r p h o t o s , to p r e d i c t the type o f 
highway performance t'o be expected i n t h a t 
a r e a or to o u t l i n e the genera l f e a t u r e s to 
be c o n s i d e r e d i n t h e d e s i g n o f new c o n 
s t r u c t i o n . T a b l e 1 i s submitted as a sum
mary o f the c h a r a c t e r i s t i c s of the v a r i o u s 
s o i l areas d i s c u s s e d i n t h i s r e p o r t . 

I t may be concluded from the study tha t : 
(1 ) Mapping of g l a c i a l depos i t s and r e 

worked g l a c i a l m a t e r i a l s o f W i s c o n s i n g l a 
c i a l o r i g i n can be done i n c o n s i d e r a b l e de
t a i l where accompanying f i e l d i n v e s t i g a 
t i ons can be made. 
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(2) Complex patterns , or patterns of 
combinations of surface so i l conditions can 
u s u a l l y be i d e n t i f i e d as combinations of 
the components of the constituent pr in t s . 
Hi i s lends support to the bel ief that simi
l a r methods can be applied to many other 
types of areas. 

(3) From a knowledge of highway prob
lems in d i f f eren t types of s o i l areas and 
from the a b i l i t y to i d e n t i f y these s o i l 
areas on the airphotos, i t i s possible to 
predict the type of highway problems to be 
encountered in a given area by studying the 
aer ia l photographs. 

(4) On the basis of observations made, 
p l a s t i c d r i f t , shallow sands on p l a s t i c 
d r i f t , and scattered areas of sand on plas
t i c d r i f t along with muck and peat may be 
grouped as the s o i l s studied on which the 
poorest performance i s to be expected. 
Grouped as s o i l s contributing most to good 
pavement performance are sands and gravels, 
sandy outwash, large f l a t areas of sands 
( i f well drained)^nd areas of sand dunes 
and ridges (excluding muck pockets). 

A C K N O W L E D G E M E N T S 

The a u t h o r i s i n d e b t e d to P r o f e s s o r s 
K. B . Woods and R . E . F r o s t . A s s o c i a t e 
D i r e c t o r and Research Engineer r e s p e c t i v e l y 
of the J o i n t Highway Research P r o j e c t a t 
Purdue U n i v e r s i t y , for i n t e r e s t e d help and 
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