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REVIEW OF THE PROBLEM 

two b a s i c metkeds o f c l a s s i f i c a t i o n a r e used f o r making e n g i n e e r i n g s o i l 
s u r v e y s . One method depends upon t h e c l a s s i f i c a t i o n o f v a r i o a s t y p e s o f s o i l s 
i n t o groups on t h e b a s i s o f t h e i r p h y s i c a l p r o p e r t i e s , and i n d i c a t e s t h e e n g i n 
e e r i n g use o f t h e s o i l s i n a d i s t u r b e d s t a t e . T h i s method i s n o t a t e r r a i n 
c l a s s i f i c a t i o n s i n c e i t does n o t c o n s i d e r the c h a r a c t e r i s t i c s o f s o i l s a s s o c i a t e d 
w i t h t h e i r n a t u r a l e n v i r o n m e n t , because s o i l c h a r a c t e r i s t i c s r e l a t e d t o t h e 
movement o f s o i l m o i s t u r e and ground water v i t h i n the s o i l p r o f i l e a r e n o t used 
as a p a r t o f t h e c l a s s i f i c a t i o n . The method o f p r e p a r i n g t h e s o i l s u r v e y by 
t h i s method e o p h a s i i e s l a b o r a t o r y t e s t s , and c o n s i d e r a b l e s a m p l i n g and t e s t i n g 
o f r e p r e s e n t a t i v e s o i l samples a r e r e q u i r e d t o p r e p a r e t h e d e t a i l e d s o i l survey. 
The s o i l b oundaries f o r the v a r i o u s s o i l groups are e s t i m a t e d by v i s u a l inspec
t i o n o f t h e d i s t u r b e d s o i l d u r i n g the f i e l d survey o f the road l o c a t i o n . 

The o t h e r b a s i c method has been developed on t h e p r i n c i p l e t h a t s o i l s can 
be c l a s s i f i e d i n p l a c e by means o f s o i l p r o f i l e c h a r a c t e r i s t i c s ; t h a t s o i l s 
h a v i n g s i m i l a r p r o f i l e s r e q u i r e s i m i l a r e n g i n e e r i n g t r e a t m e n t , and s o i l s w i t h 
s i m i l a r p r o f i l e s o c c u r i n s i m i l a r t y p e s o f lan d s c a p e . T h i s method o f g r o u p i n g 
s o i l s has been used by M i c h i g a n and o t h e r s t o c o r r e l a t e pavement b e h a v i o r , 
methods o f h a n d l i n g s o i l s d u r i n g c o n s t r u c t i o n o p e r a t i o n s , and the general p h y s i 
c a l p r o p e r t i e s o f s o i l s . M ichigan ( i ) ^ , I n d i a n a ( 3 ) , and M i s s o u r i ( J ) have p r e 
p a r e d s o i l manuals s h o w i n g t h e range i n s o i l p r o f i l e c h a r a c t e r i s t i c s f o r t h e 
v a r i o u s s o i l s o c c u r r i n g i n these s t a t e s . T h i s i n f o r m a t i o n has been o f c o n s i d e r 
a b l e v a l u e f o r t h e i d e n t i f i c a t i o n and c l a s s i f i c a t i o n o f s o i l s from f i e l d obser
v a t i o n s . 

The mapping u n i t f o r t h i s system o f i n - p l a c e s o i l c l s s s i f i c a t i o n i s the 
medium whereby s o i l e n g i n e e r i n g i n f o f m s t i o n can be t r a n s f e r r e d q u i c k l y from one 
p r o j e c t t o another w i t h o n l y a minimum o f l a b o r a t o r y s o i l t e s t i n g . I t has been 
found t h a t each mapping u n i t developed by t h i s system o f c l a s s i f i c a t i o n expresses 
a c h a r a c t e r i s t i c range i n p a r e n t m a t e r i e l , r e l i e f , v e g e t a t i o n , and c l i m a t e , and 
t h a t each o f these mapping u n i t s r e f l e c t s a c h a r a c t e r i s t i c s e t o f t e r ' s i n c o n d i 
t i o n s which can be r e c o g n i s e d r e a d i l y by f i e l d o b s e r v a t i o n s . 

D u r i n g the pa s t s e v e r a l years t h e r e have been s e v e r a l methods o f a p p r a i s i n g 
t e r r a i n c o n d i t i o n s developed t o meet t h e r e q u i r e m e n t s o f m i l i t a r y e n g i n e e r s i n 
th e t h e a t e r o f war o p e r a t i o n s . These methods appear t o be based t o a I s r g e ex
t e n t upon d e d u c t i v e r e a a o n i n g i n which a l i m i t e d anount o f s o i l i n f o r m a t i o n from 
l a b o r a t o r y t e s t s , and the i n t e r p r e t a t i o n o f g e o l o g i c , t o p o g r a p h i c , and agronomic 
s o i l maps, and a e r i a l p h o t o graphs were used t o e s t i m a t e the e n g i n e e r i n g charac
t e r i s t i c s o f t e r r a i n c o n d i t i o n s . 

One o f t h e s e methods ( 4 ) u t i l i x e s s i g n i f i c a n t a i r p h o t o s o i l p a t t e r n s t o 
e s t a b l i s h the mapping u n i t s used t o d i s t i n g u i s h between s o i l s r e q u i r i n g d i f f e r e n t 
e n g i n e e r i n g t r e a t m e n t . The a i r p h o t o s are i n t e r p r e t e d by t r a i n e d t e c h n i c i a n s by 
u s i n g p e d o l o g i c and g e o l o g i c evidence and l i m i t e d t e s t d s t a t o e v a l u a t e t h e en-

Numbers i n parentheses r e f e r t o r e f e r e n c e s i n b i b l i o g r a p h y . 



g i n e e r i n g a i g n i f i e a n c e o f s o i l s developed upon t h e v a r i o o s s l o p e s and rock s eon-
p r i s i n g t h e landscape. The landscape ^ i t h i t s v a r i o u s l a n d f o r a s i s r e v e a l e d by 
s t e r e o s c o p i c p r o j e c t i o n s o f o r i e n t e d p a i r e d a i r p h o t o s o f the area t o be s t u d i e d . 
Whenever s o i l d e s i g n d a t a have been o b t a i n e d f o r t h e v a r i o u s d i s t i n c t i v e p h o to-
g r a p h i c s o i l p a t t e r n s f o r a p a r t i c u l a r a r e a , a f a i r l y a c c u r a t e r e c o n n a i s s a n e e 
e n g i n e e r i n g s o i l map can be prepared. 

Another method ( 5 ) , v e r y s i m i l a r i n many r e s p e c t s t o t h e p r e v i o u s method, 
was developed by g e o l o g i s t s i n which c o n s i d e r a b l y more emphasis has been p l a c e d 
upon t h e b a s i c geology o f t h e p a r e n t m a t e r i a l t o p r e p a r e s t r u c t u r a l maps i n d i 
c a t i n g i n f o r m a t i o n c o n c e r n i n g p r o b a b l e w a t e r s u p p l y f o r m i l i t a r y o p e r a t i o n s i n 
f o r w a r d a r e a s . I n c o n n e c t i o n w i t h t h i s t y p e o f work, t h e e n g i n e e r i n g charac
t e r i s t i c s o f t h e o v e r b u r d e n ( s o i l ) d e r i v e d f r o m t h e p a r e n t r o c k by w e a t h e r i n g 
has been e s t i m a t e d f o r c o n s t r u c t i o n purposes. A i r p h o t o s are i n t e r p r e t e d t o de
t e r m i n e the boundaries o f v a r i o u s p a r e n t m a t e r i a l s , and e s t i m a t e s o f e n g i n e e r i n g 
p r o p e r t i e s o f t h e s o i l s a r e based upon t h e s t u d y o f g e o l o g i c and t o p o g r a p h i a 
maps. The t o p o g r a p h i c maps p r o b a b l y were p r e p a r e d i n many cases from a i r p h o t o s 
u s i n g photogrammetric methods t o t r a n s l a t e the r e l i e f i n t o c o n t o u r maps. I t i s 
l i k e l y t h a t 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 i n t h i s method o f t e r r a i n a p p r a i s a l i s 
based t o some e x t e n t upon the c o n s i d e r a t i o n o f t h e s o i l - f o r m i n g processes. 

The m i l i t a r y f o r c e s prepared a c o n s i d e r a b l e number o f g e n e r a l reconnaissance 
maps o f f o r w a r d a r eas u s i n g t h i s method o f t e r r a i n c l a s s i f i c a t i o n , and i t has 
been observed t h a t a good c o r r e l a t i o n between e s t i m a t e d s o i l c o n d i t i o n s and ob
s e r v e d s o i l c o n d i t i o n s were f o u n d when t h e f o r w a r d a r e a s were o c c u p i e d . The 
F o r t Knox F o l i o ( S ) , p r e p a r e d by t h e G e o l o g i c a l Survey, i s an e x c e l l e n t example 
o f the type o f e n g i n e e r i n g i n f o r m a t i o n assembled f o r m i l i t a r y t e r r a i n a p p r a i s a l . 
A t t e n t i o n i s c a l l e d t o t h e c l o s e s i m i l a r i t y o f t h e g e o l o g i c , the s o i l , and the 
t r a f f i c a b i l i t y maps f o r t h i s area. 

A r e c e n t s u r v e y o f s t a t e s o i l p r a c t i c e s i n d i c a t e s t h a t 28 s t a t e s r e q u i r e a 
d e t a i l e d s o i l s u r v e y f o r t h e h i g h e r type o f road c o n s t r u c t i o n . They have foynd 
t h a t t h i s t y p e o f p r e l i m i n a r y e n g i n e e r i n g i n f o r m a t i o n i s e s s e n t i a l f o r t h e 
d e s i g n and c o n s t r u c t i o n o f thes e highways. Many o f t h e s t a t e s r e q u i r e s i m i l a r 
s o i l surveys f o r t h e i r lower c l a s s o f highways. I t has been a f o r w a r d s t e p i n 
t h e p r a c t i c a l a p p l i c a t i o n o f s o i l e n g i n e e r i n g t o t h e s y s t e m a t i c p l a n n i n g o f 
hi g h w a y programs. 

I t i s r e a s o n a b l e t o e x p e c t t h a t when t h e highway e n g i n e e r has a b e t t e r 
u n d e r s t a n d i n g o f these methods o f making t e r r a i n a p p r a i s a l s o f s o i l c o n d i t i o n s 
on an i n t e r r e g i o n a l b a s i s , a g r e a t e r use w i l l be made o f these e n g i n e e r i n g s o i l 
msps by those r e s p o n s i b l e f o r the d e s i g n and c o n s t r u c t i o n o f l a r g e highway programs. 

The e n g i n e e r i n g s o i l map w i l l serve as a v i t a l l i n k between l a b o r a t o r y and 
f i e l d r e s e a r c h , and a c o n s i d e r a b l e p a r t o f s o i l r e s e a r c h w i l l a u t o m a t i c a l l y 
s h i f t t o the st u d y o f pavement design by o b s e r v a t i o n s o f pavement be h a v i o r under 
a c t u a l t r a f f i c and c l i m a t i c c o n d i t i o n s f o r the v a r i o u s t y p e s o f subgrades de
f i n e d i n terms o f t h e map u n i t s used t o c l a s s i f y t h e s o i l s i n p l a c e . A b e t t e r 
u n d e r s t a n d i n g between t h e d i v i s i o n s o f d e s i g n , c o n s t r u c t i o n , and t e s t s , f o r many 
o f t h e c u r r e n t highway problems, can be e s t a b l i s h e d on the b a s i s o f i n f o r m a t i o n 
r e v e a l e d by t h e c o r r e l a t i o n o f these problems w i t h t h e map u n i t s d e v e l o p e d t o 
c l a s s i f y t e r r a i n c o n d i t i o n s . C e r t a i n s t a t e s ( M i c h i g a n , N o r t h C a r o l i n a , M i s s o u r i , 
e t c . ) have c o r r e l a t e d much e n g i n e e r i n g i n f o r m a t i o n w i t h t h e map u n i t s used f o r 
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t h e p r e p a r a t i o n o f c o a n t y a g r i c u l t u r a l s o i l naps, and uae these a g r i c n l t u r a l saps 
as e n g i n e e r i n g s o i l maps f o r p l a n n i n g and a s s i s t i n g i n t h e i r s o i l survey work. 

The i n t e l l i g e n t use o f e n g i n e e r i u g s o i l naps w i l l reduce t h e t i m e r e q u i r e d 
f o r t h e p r e p a r a t i o n o f d e t a i l e d s o i l s u r v e y s . I t s h o u l d be p o s s i b l e t o make 
a v a i l a b l e a c o n s i d e r a b l e amount o f s o i l e n g i n e e r i n g knowledge f o r f u t u r e highway 
p l a n n i n g by p r e p a r i n g e n g i n e e r i n g maps on a s t a t e - w i d e b a s i s . Such naps would 
be e x c e l l e n t f o r t r a i n i n g the younger e n g i n e e r s . A f i e l d t r i p and an o c c a s i o n a l 
s o i l or ro c k sample may be a l l t h a t i s r e q u i r e d t o v e r i f y t h e accuracy o f these 
g e n e r a l i s e d maps f o r p l a n n i n g and i n s t r u c t i o n purposes. 

The use o f these t y p e s o f maps would e x t e n d t h e f i e l d o f p r a c t i c a l a p p l i * 
c a t i o n o f s o i l e n g i n e e r i n g t o secondary r o a d p l a n n i n g , as i t would p e r m i t t h e 
county and township engineer w i t h l i m i t e d road funds t o use g e n e r a l i s e d s o i l en* 
g i n e e r i n g d a t a f o r t h e d e s i g n and c o n s t r u c t i o n o f roads i n t h e secondary n e t * 
work. T h i s f i e l d has been n e g l e c t e d and i t s roads have perhaps the most c r i t i 
c a l type o f pavements t o d e s i g n from t h e s t a n d p o i n t o f f o u n d a t i o n s o i l s . Pave
ment t h i c k n e s s , by n e c e s s i t y , must be h e l d t o a minimum, l o c a l m a t e r i a l s must be 
u t i l i s e d t o t h e i r b e s t advantage, and a knowledge o f t h e beh a v i o r o f s o i l s used 
f o r subgrades w i l l always be e s s e n t i a l f o r the p l a n n i n g o f t h e secondary road. 

Several s t a t e s - I n d i a n a , New Jersey, Mainci and New York - have s t a r t e d t o 
p r e p a r e e n g i n e e r i n g s o i l and d r a i n a g e maps on a s t a t e - w i d e baaLs. They p l a n t o 
c o r r e l a t e general e n g i n e e r i n g d e s i g n data and pavement behavior w i t h the mapping 
u n i t s so t h a t p r e v i o u s e x p e r i e n c e and d e s i g n recommendations can be made a v a i l 
a b l e f o r use on f u t u r e c o n s t r u c t i o n and maintenance r o a d programs. 

There i s a need f o r the s t a n d a r d i z a t i o n o f map u n i t s f o r c l a s s i f i c a t i o n o f 
t e r r a i n c o n d i t i o n s r e l a t e d t o highway e n g i n e e r i n g problems b e f o r e t o o many o f 
these e n g i n e e r i n g s o i l maps are p r e p a r e d by t h e s t a t e s . The v a r i o u s methods o f 
i n - p l a c e c l a s s i f i c a t i o n o f s o i l s and e n v i r o n m e n t a l c o n d i t i o n s d i s c u s s e d are sub
j e c t t o a wide range i n m a p - u n i t s p e c i f i c a t i o n s , d e p e n d i n g upon t h e v i e w p o i n t 
and l i m i t a t i o n s o f t h e mapmaker. The a v a i l a b l e funds t o do t h e work, t h e tim e 
p e r m i t t e d f o r c o r r e l a t i o n o f t e r r a i n c o n d i t i o n s and e n g i n e e r i n g problems, the 
t y p e o f t e r r a i n and t h e r e l i a b i l i t y o f g e o l o g i c and agronomic i n f o r m a t i o n , the 
i n t e r p r e t i v e s k i l l and e x p e r i e n c e o f t h e eng i n e e r making the t e r r a i n a p p r a i s a l , 
and t h e s c a l e o f t h e proposed e n g i n e e r i n g map are some o f the f a c t o r s t h a t must 
be c o n s i d e r e d i n s e t t i n g up the s p e c i f i c a t i o n s o f map u n i t s . 

O f f s e t t i n g f a c t o r s w i l l be t h e a b i l i t y o f t h e map r e a d e r t o e s t i m a t e the 
e f f e c t o f t h e s e f a c t o r s f o r a more d e t a i l e d a p p r a i s a l o f t e r r a i n c o n d i t i o n s 
( l o w e r l e v e l s o f g e n e r a l i s a t i o n ) w i t h r e s p e c t t o s o i l s , r o c k s , and ground water 
o r s o i l m o i s t u r e c o n d i t i o n s a f f e c t i n g the des i g n and c o n s t r u c t i o n p r a c t i c e s . 

When thes e f a c t o r s c a n n o t be e v a l u a t e d f r o m t h e s t u d y o f an e n g i n e e r i n g 
s o i l map, t h e y must be d e t e r m i n e d by means o f t h e d e t a i l e d s o i l s u r v e y d u r i n g 
t h e p r e l i m i n a r y l o c a t i o n s u r v e y . 

One o f t h e f u n c t i o n s o f t h i s Commi|ttee on S o i l S u r v e y i n g and C l a s s i f y i n g 
o f S o i l s - i n - P l a c e i s t o a s s i s t i n t h e s t a n d a r d i z a t i o n o f methods f o r the p r e 
p a r a t i o n o f e n g i n e e r i n g s o i l maps. T h i s Committee would l i k e t o hear from any 
s t a t e s t a r t i n g r e s e a r c h work on s o i l maps so t h a t they can exchange i n f o r m a t i o n 
on the l a t e s t p r a c t i c e s developed f o r t h i s type o f e n g i n e e r i n g work. 

v i i 



The l o c a t i o n and dep t h o f bedrock and e v a l u a t i o n o f s u b s u r f a c e and ground 
w a t e r c o n d i t i o n s , e s p e c i a l l y i n areas o f heavy g r a d i n g o p e r a t i o n s or i n connec
t i o n w i t h l a r g e highway s t r u c t u r e s , u s u a l l y r e q u i r e a d e t a i l e d s i t e s t u d y , s i n c e 
t h i s type o f t e r r a i n a p p r a i a a l i s beyond t h e scope o f a g e n e r a l e n g i n e e r i n g s o i l 
map. 

Subsurfsce e x p l o r a t i o n s by normsl s o i l s u r v e y methods (auger b o r i n g s ) s r e 
u s u a l l y l i m i t e d t o about 30 f t . i n de p t h below t h e n a t u r a l ground s u r f a c e . I n 
areas o f d i s i n t e g r a t e d bedrock o r where n e s t s o f b o u l d e r s occur, o t h e r methods 
o f e x p l o r a t i o n are more p r a c t i c a l ( 7 . 8). There i s an i n c r e a s i n g use b e i n g made 
o f g e o p h y s i c a l methods ( s e i s m i c o r r e s i s t i v i t y ) f o r t h i s t y p e o f s o i l s u r v e y 
work t o l o c a t e p o s i t i o n s f o r e x p l o r a t o r y t e s t p i t s o r deep b o r i n g s by churn or 
r o t a r y d r i l l s f o r the purpose o f o b t a i n i n g the maximum amount o f e n g i n e e r i n g i n 
f o r m a t i o n on sub s u r f a c e c o n d i t i o n s . 

The p r e s e n t h i g h w a y r o s d n e t w o r k i n t h e U n i t e d S t a t e s c o n t a i n s a b o u t 
3,000,000 mi. o f roads. They have been b u i l t and m a i n t a i n e d over a complex t e r 
r a i n i n v o l v i n g a l l t y p e a o f l o c a t i o n and d e s i g n p r o b l e m s . The wide range i n 
c l i m a t e and p a r e n t m a t e r i a l s have p r o d u c e d many d i f f e r e n t s o i l s and typea o f 
r e l i e f . 

These roads c a r r y a v a r i e t y o f t r a f f i c , and t h e r e g i o n a l s t u d y o f pavement 
d e s i g n and subgrade performance o f these roads can be made t o f u r n i s h p r a c t i c a l 
d e s i g n and c o n s t r u c t i o n i n f o r m a t i o n . I t i s b e l i e v e d t h e t t h e development o f 
e n g i n e e r i n g s o i l snd d r a i n a g e maps on a s t a t e , r e g i o n a l , or i n t e r r e g i o n a l b a s i s 
i s a p r a c t i c a l method o f c o r r e l a t i n g t h i s i n f o r m a t i o n so t h a t q u i c k a p p r a i s s l s 
o f t e r r a i n c o n d i t i o n s can be made f o r t h e s y s t e m a t i c p l a n n i n g o f f u t u r e r o a d 
p r o g r e s s . 

The f o l l o w i n g group o f papers i n d i c a t e s some o f t h e methods developed f o r 
msking a p p r a i s a l s o f t e r r s i n c o n d i t i o n s snd i n d i c a t e s how such i n f o r m a t i o n can 
be o b t a i n e d q u i c k l y and a t a r e a s o n s b l e c o s t . 
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The e a r l i e s t s u r v e y s made i n 
t h i s c o u n t r y , l o n g b e f o r e t h e US 
G e o l o g i c a l S u r v e y was o r g a n i z e d , 
were conducted by s p e c i a l e x p l o r a 
t o r y e x p e d i t i o n s s e n t out by t h e 
e a r l y s e t t l e r s and l a t e r by the War 
Department a t the r e q u e s t o f Con-
g r o s s to study and f i n d t r a n s p o r t a 
t i o n r o u t e s f o r t h e s e t t l e m e n t o f 
t h e t e r r i t o r i e s l y i n g beyond t h e 
b o r d e r s o f t h e d e v e l o p e d l a n d s 
a l o n g t h e A t l a n t i c C o a s t . The 
f i r s t e x p e d i t i o n s p r o d u c e d o n l y 
v e r y s k e t c h y maps o f the c o u n t r y , 
but they were i n v a l u a b l e as r e c o n 
n a i s s a n c e maps f o r the b i a s i n g o f 
t r a i l s i n t o the r i c h and undeveloped 
i n t e r i o r r e g i o n s . As the p o p u l a 
t i o n i n c r e a s e d and t h e need f o r 
more a g r i c u l t u r a l l a n d s and new 
t e r r i t o r i e s developed, more su r v e y s 
and mapping e x p e d i t i o n s were organ
i z e d . The l o c a t i o n of t r a n s p o r t a 
t i o n r o u t e s was a l w a y s one o f the 
p r i m a r y p u r p o s e s of t h e s e e x p e d i 
t i o n s . Most o f you a r e f a m i l i a r 
w i t h the e x p e d i t i o n s o f L e w i s and 
C l a r k , followed by those o f Wheeler, 
Hayden. King, and Powell, which r e 
s u l t e d i n s m a l l s c a l e r e c o n n a i s 
s a n c e maps o f v a s t a r e a s o f t h e 
then unknown r e g i o n s of the U n i t e d 
S t a t e s . 

The G e o l o g i c a l S u r v e y was o r 
g a n i z e d i n 1879 w i t h t h e p r i m a r y 
o b j e c t i v e o f making g e o l o g i c i n 
v e s t i g a t i o n s o f the r e s o u r c e s o f 
the country. A prime n e c e s s i t y i n 
s u c h work was the p r e p a r a t i o n o f 
t o p o g r a p h i c base maps on which to 
p l o t t h e r e s u l t o f t h e g e o l o g i c 

work. The f i r s t o f t h e s e t o p o 
g r a p h i c maps to be p r o d u c e d were 
r e c o n n a i s s a n c e t y p e t o p o g r a p h i c 
maps, u s u a l l y a t a s c a l e o f f o u r 
m i l e s to the i n c h . and.a c o n t o u r 
i n t e r v a l o f 250 f e e t . The s c a l e o f 
1:125.000. or two m i l e s to the i n c h 
w i t h a 1 0 0 - f o o t c o n t o u r i n t e r v a l 
was a l s o w i d e l y u sed. These maps 
were a g r e a t a i d i n the development 
o f the West. As the r e g i o n became 
more populated, the need for l a r g e r 
s c a l e maps was apparent, and about 
1900 the s c a l e o f 1:62.500 or one 
m i l e per i n c h was adopted a s the 
s t a n d a r d s c a l e f o r a t o p o g r a p h i c 
map o f the U n i t e d S t a t e s . At the 
p r e s e n t time, the h i g h l y developed 
i n d u s t r i a l , a g r i c u l t u r a l , and urban 
a r e a s a r e mapped f o r p u b l i c a t i o n 
at 1:24.000 or 2.000 f e e t per i n c h . 

The mapping o p e r a t i o n s o f the 
G e o l o g i c a l S u r v e y have p r o c e e d e d 
s i n c e the e a r l i e s t days i n a s y s 
t e m a t i c program o f c o m p l e t i n g the 
coverage of the e n t i r e U n i t e d S t a t e s . 
Funds to c a r r y on an adequate pro
gram have never been made a v a i l a b l e 
and our mapping needs have been con-
s i s t e n t l y f a r i n e x c e s s o f o u r 
a b i l i t y to produce adequate topo
gr a p h i c maps. 

F i g u r e 1 shows t h e s t a t u s o f 
t o p o g r a p h i c mapping i n the U n i t e d 
S t a t e s . T h i s index shows a r e a s cov
e r e d by p u b l i s h e d t o p o g r a p h i c maps 
o f the G e o l o g i c a l Survey and o t h e r 
a g e n c i e s . Some a d d i t i o n a l a r e a s have 
been covered by v e r y o l d r e c o n n a i s 
sance s u r v e y s which are now c o n s i d 
ered e n t i r e l y inadequate f o r p r e s e n t 



day u s e . I n q u i r i e s r e g a r d i n g the 
a v a i l a b i l i t y o f t o p o g r a p h i c maps 
may be d i r e c t e d t o the map i n f o r 
mation o f f i c e of the U> S. Ge o l o g i c 
Survey i n Washington, D< C* 

Dur i n g the f i r s t World War, the 
need f o r maps aroused c o n s i d e r a b l e 
i n t e r e s t , and the Temple A c t was 
passed i n 1923 a u t h o r i z i n g the com-
p l e t i o n of the topog r a p h i c mapping 
of the U n i t e d S t a t e s w i t h i n a 20 
y e a r p e r i o d . Funds to implement 
t h i s l e g i s l a t i o n , however, were 
never a p p r o p r i a t e d . 

During the r e c e n t World War, the 
n a t i o n a l s e c u r i t y was t h r e a t e n e d 
and our m i l i t a r y f o r c e s useH a l l 
p o s s i b l e means to secure topographic 
map coverage of the s t r a t e g i c a r e a s . 
T h i s r e s u l t e d i n c o n s i d e r a b l e map 
c o v e r a g e , much o f which u n f o r t u 
n a t e l y was s u b s t a n d a r d and f a u l t y 
due to the extreme speed w i t h which 
t h e work had to be p e r f o r m e d and 
t h e i n e x p e r i e n c e o f many o f t h e 
o p e r a t o r s . 

W i t h i n the p a s t 10 y e a r s , the 
use of a e r i a l photography i n topo
g r a p h i c mapping has been p e r f e c t e d 
to a p o i n t whereby adopted standards 
o f accuracy can be more econ o m i c a l l y 
m a i n t a i n e d and a t t h e same t i m e 
maps can be produced on a mass pro
duction b a s i s . To f i t i n wi t h t h i s 
development, the Topographic Branch 
o f the G e o l o g i c a l S u r v e y has been 
r e o r g a n i z e d so as to take f u l l ad> 
v a n t a g e o f the p o s s i b i l i t i e s a f 
forded for expanding our o p e r a t i o n s 
i n a c c o r d a n c e w i t h t h e s e n e w e s t 
improvements i n map making. U n t i l 
t h e development o f the m u l t i p l e x 
and other photogrammetric p r o c e s s e s 
to t h e i r p r e s e n t s t a g e o f p e r f e c 
t i o n , the p r e p a r a t i o n of topographic 
maps was performed by a very s e l e c t 
group of h i g h l y t r a i n e d topographers 
who were t h o r o u g h l y f a m i l i a r w i t h 
the v a r i o u s o p e r a t i o n s r e q u i r e d i n 
the p r e p a r a t i o n of a standard topo
g r a p h i c map. T h e s e men were a s 
sign e d s p e c i f i c a r e a s i n which they 
performed a l l the v a r i o u s f u n c t i o n s 

and o p e r a t i o n s r e q u i r e d from supple
mentary c o n t r o l s u r v e y s , i n c l u d i n g 
t r i a n g u l a t i o n and p r e c i s e l e v e l i n g , 
t h r o u g h t h e a c t u a l mapping, con
t o u r i n g , f i e l d c h e c k i n g , and f i n a l 
d r a f t i n g s t a g e s . Under our new 
methods of mapping, the normal time 
schedule for a complete mapping op
e r a t i o n i s t h r e e y e a r s . The f i r s t 
y e a r i s d e v o t e d l a r g e l y t o t h e 
pl a n n i n g of the o p e r a t i o n s , s e c u r 
i n g o f a e r i a l p h o t o g r a p h y , and 
s i m i l a r p r e l i m i n a r y s t e p s , and the 
i n i t i a t i o n of c o n t r o l s u r v e y s . The 
second year the a c t u a l c o m p i l a t i o n 
o f the map i s a c c o m p l i s h e d t o the 
s t a g e s o f f i n a l d r a f t i n g ; and the 
t h i r d y e a r i s r e q u i r e d f o r f i n a l 
e d i t i n g and p u b l i c a t i o n o f t h e 
manuscript. 

Most of the o p e r a t i o n s performed 
by the T o p o g r a p h i c B r a n c h i n the 
p r e p a r a t i o n of topographic maps are 
o f s u c h a n a t u r e t h a t t h e y c a n 
supply much v a l u a b l e b a s i c informa
t i o n to a s s i s t highway engineers i n 
t h e i r v a r i o u s problems of p l a n n i n g 
t r a n s p o r t a t i o n r o u t e s , and d e s i g n 
ing major highway systems as wel1 a6 
the a c t u a l l o c a t i o n o f h i g h w a y s . 
I n t h i s s h o r t paper, i t i s impos
s i b l e to do more than mention a few 
o f these items. I wish to c a l l your 
a t t e n t i o n , h o w e v e r , t o some o f 
the v a r i o u s c l a s s e s o f i n f o r m a t i o n 
and s u r v e y s w h i c h t h e G e o l o g i c a l 
Survey has a v a i l a b l e f o r the bene
f i t o f t h o s e who a r e cha r g e d w i t h 
the r e s p o n s i b i l i t i e s of m a i n t a i n i n g 
and improving highway t r a n s p o r t a t i o n 
s y s t e m s . A b r i e f e n u m e r a t i o n o f 
some of these s e r v i c e s i n c l u d e s the 
f o l l o w i n g : 

1. In c o o p e r a t i o n w i t h the US 
C o a s t and G e o d e t i c S u r v e y w h i c h 
e s t a b l i s h e s the primary h o r i z o n t a l 
and v e r t i c a l c o n t r o l n e t s , the Geo
l o g i c a l S u r v e y e s t a b l i s h e d t h i r d 
and f o u r t h o r d e r c o n t r o l r e q u i r e d 
a s a n e c e s s a r y base f o r the p r e 
p a r a t i o n o f t o p o g r a p h i c maps. In 
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c a r r y i n g out t h i s work, t r i a n g u l a -
t i o n s t a t i o n s a r e e s t a b l i s h e d f o r 
which the tr u e g e o d e t i c p o s i t i o n i s 
d e t e r m i n e d . L e v e l l i n e s a r e r u n . 
and permanent bench marks e s t a b 
l i s h e d w i t h c o r r e c t e l e v a t i o n s ad
j u s t e d to the s e a l e v e l datum. A l l 
o f t h i s i n f o r m a t i o n i s r e c o r d e d i n 
such form t h a t i t i s r e a d i l y a v a i l 
a b l e to the highway e n g i n e e r s , and 
t o f e d e r a l and s t a t e a g e n c i e s as 
w e l l as p r i v a t e c o n s u l t i n g e n g i n 
e e r s and p r i v a t e c o n t r a c t o r s . 

2. A e r i a l , photography i s used 
a s one o f the t o o l s i n p r e p a r i n g 
the modern topographic map. Where-
ever p o s s i b l e we use e x i s t i n g photo
g r a p h i c c o v e r a g e . To a s s i s t the 
G e o l o g i c a l S u r v e y i n d e t e r m i n i n g 
the e x i s t e n c e of such a e r i a l photo
graphy, a Map I n f o r m a t i o n O f f i c e i s 
m a i n t a i n e d , one of whose f u n c t i o n s 
i s to obtain up-to-date i n f o r m a t i o n 
on t h e e x i s t e n c e o f a l l a e r i a l 
photography i n the U n i ted S t a t e s by 
a l l f e d e r a l a g e n c i e s a s w e l l a s 
s t a t e agencies and p r i v a t e concerns, 
when a v a i l a b l e . Where new photo
graphy i s r e q u i r e d , t h i s i s t a k e n 
to s p e c i f i c a t i o n s b e s t s u i t e d f o r 
t h e mapping o p e r a t i o n s . S i m i l a r 
i n f o r m a t i o n i s a l s o m a i n t a i n e d on 
a e r i a l mosaics which have been com
p i l e d w i t h i n the United S t a t e s . 

F i g u r e 2 i s a map o f the U n i t e d 
S t a t e s showing the s t a t u s of a e r i a l 
photography. 

3. I n the p r e p a r a t i o n o f topo
g r a p h i c maps by modern photogram
m e t r i c methods, t h e c o m p i l a t i o n 
s c a l e i s much l a r g e r than the f i n a l 
p u b l i c a t i o n s c a l e . F o r e x a m p le. 
F i g u r e 3 i s a s m a l l s e c t i o n o f a 
p r i n t o f t h e map m a n u s c r i p t n e a r 
New Mil ford, C o n n e c t i c u t . The s c a l e 
o f F i g u r e 3 i s the same as the s c a l e 
to which i t was o r i g i n a l l y p l o t t e d , 
1:5000. I t w i l l u l t i m a t e l y be pub
l i s h e d a t 1:24000. I n mountainous 
t e r r a i n the o r i g i n a l p l o t t i n g s c a l e 
i s g e n e r a l l y s m a l l e r ; f o r example. 
F i g u r e 4 i s a s e c t i o n o f t h e map 
m a A u s c r i p t f o r C r a i g s v i l l e . V i r 

g i n i a , p l o t t e d a t 1:15840 f o r pub
l i c a t i o n a t 1: 62500* The manuscript 
i s u s u a l l y a v a i l a b l e i n 12 to 18 
months a f t e r t h e i n i t i a t i o n o f a 
p r o j e c t , and i n some r e s p e c t s , i t 
shows more d e t a i l t han the f i n a l 
p u b l i s h e d map. 

Some highway d e p a r t m e n t s a r e 
t a k i n g a d v a n t a g e o f t h i s s e r v i c e 
and are u s i n g t h e s e m a n u s c r i p t s i n 
making highway r e c o n n a i s s a n c e s u r 
v e y s o f a l t e r n a t e r o u t e s , and i n 
some c a s e s , p r e l i m i n a r y l o c a t i o n 
s u r v e y s . We have r e c e n t l y e n t e r e d 
i n t o a c o o p e r a t i v e agreement w i t h 
the S t a t e of North C a r o l i n a whereby 
t h e y w i l l u s e c o p i e s o f o u r map 
manuscript i n s t u d y i n g problems i n 
v o l v i n g the r e d e s i g n of the n a t i o n a l 
system o f i n t e r s t a t e highways t r a 
v e r s i n g the s t a t e . 

C ooperative mapping p r o j e c t s are 
u nder way a t t h e p r e s e n t time i n 
21 s t a t e s , and t h i s c o n s t i t u t e s a 
major source o f funds for our topo
g r a p h i c s u r v e y s . S e v e r a l o f t h e s e 
mapping a g r e e m e n t s a r e d i r e c t l y 
with S t a t e highway departments. I n 
most of the o t h e r s t a t e s the s t a t e 
g e o l o g i s t i s the d e s i g n a t e d cooper-
a t o r w i t h s t r o n g s u p p o r t from the 
highway department. By t h e s e co
o p e r a t i v e agreements, our mapping 
o p e r a t i o n s can be c o o r d i n a t e d and 
timed to meet the s p e c i f i c highway 
req u i r e m e n t s f o r t o p o g r a p h i c maps. 

I wish- to c a l l your p a r t i c u l a r 
a t t e n t i o n to an e x c e l l e n t a r t i c l e 
e n t i t l e s " A e r i a l Surveys i n Highway 
L o c a t i o n , " w r i t t e n by Mr. W i l l i a m 
T. P r y o r o f t h e P u b l i c Roads Ad
m i n i s t r a t i o n , which appeared i n the 
December, 1946 i s s u e o^ P/iotogram-
a e t r i c E n g i n e e r i n g . T h i s a r t i c l e 
i s an e x c e l l e n t d e s c r i p t i o n and 
a n a l y s i s of v a r i o u s methods of u s i n g 
a e r i a l photographs and t o p o g r a p h i c 
maps to a s s i s t i n the s o l u t i o n o f 
highway p r o b l e m s . The p l a n s f o r 
the e a s t e r n e x t e n s i o n of the Penn-
s l y v a n i a Turnpike were prepared from 
a e r i a l s u r v e y s made i n t h i s way. 
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l a r l y anxious to conduct i t s opera
t i o n so as to be of maximum s e r v i c e 
to the v a r i o u s o t h e r S t a t e and fed« 
e r a l a g e n c i e s . We have proposed a 
20-yr. mapping program to complete 
the topographic mapping of the en
t i r e U n i t ed S t a t e s . The accomplish-
ment of t h i s goal w i l l r e q u i r e the 
i n c r e a s i n g o f our o p e r a t i o n s t o 
t h r e e times the p r e s e n t magnitude. 
The f e d e r a l m a p p i n g p r o g r a m i s 
s t r o n g l y supported by many highway 
people, p a r t i c u l a r l y i n the s t a t e s 
of C a l i f o r n i a , M i s s o u r i , I l l i n o i s , 
Wisconsin, Michigan, and North Caro
l i n a . I n many s t a t e s t o p o g r a p h i c 
s u r v e y s a r e a dominant f a c t o r i n 
highway planning, l o c a t i o n , and de
s i g n . As the l o c a t i o n of highways 
becomes more d i f f i c u l t and c o s t l y , 
adequate topographic maps a r e more 
e s s e n t i a l to a i d the highway engin
e e r i n s e l e c t i n g the most economical 
and f e a s i b l e r o u t e . Many s t a t e 
highway departments and the P u b l i c 
Roads A d m i n i s t r a t i o n a r e f a m i l i a r 
w i t h our s e r v i c e s and a r e making 
f u l l use of t h i s i n f o r m a t i o n . We 
h e a r t i l y i n v i t e i n q u i r i e s and sug
g e s t i o n s from any of you as to how 
our work can be made more e f f e c t i v e 
to a s s i s t you i n the important prob-
1 em o f s u p p l y i n g more a d e q u a t e 
t r a n s p o r t a t i o n f o r the ever i n c r e a s 
i n g demand of the Nation. 

Note: The G e o l o g i c a l Survey, w i l l 
f u r n i s h upon r e q u e s t any o f t h e 
f o l l o w i n g p u b l i s h e d maps w i t h d e s 
c r i p t i v e t e x t d e s c r i b i n g map i n f o r 
m a t i o n o f p a r t i c u l a r i n t e r e s t t o 
highway eng i n e e r s and map u s e r s . 
1. U n i t e d S t a t e s Map s c a l e 
1:5,000,000, (28" x 4 2 " ) , showing 
S t a t u s of Topography Mapping. A l l 
S t a t u s of Topographic Mapping. A l l 
mapping by the U.S. G e o l o g i c a l Sur
vey i s shown i n r e d and t h a t by 
agencies i n green with an a p p r a i s a l 
as t o the adequacy o f t h e s e maps 
fo r p r e s e n t requirements. 

2 . U n i t e d S t a t e s Map, s c a l e 
1:5,000,000, ( 2 8 " x 4 2 " ) , showing 
the S t a t u s o f A e r i a l Photography, 
which i s an in v e n t o r y of a r e a s t h a t 
h a v e b e e n p h o t o g r a p h e d by t h e 
v a r i o u s f e d e r a l a g e n c i e s . 
3. U n i t e d S t a t e s Map, s c a l e 
1:5,000,000, ( 2 8 " x 4 2 " ) , showing 
t h e S t a t u s o f A e r i a l M o s a i c s o r 
Photo-Maps w h i c h i s an i n d e x o f 
mosaics of a r e a s of g e n e r a l i n t e r e s t 
and i n d i c a t i n g t h e s c a l e o f t h e 
mosaics, the date o f the photography 
and the agency h o l d i n g the mosaic 
n e g a t i v e s . Any of t h e s e maps may 
be o b t a i n e d by making a r e q u e s t to 
the Map I n f o r m a t i o n O f f i c e 6 f t h e 
U n i t e d S t a t e s G e o l o g i c a l S u r v e y , 
Washington 25, D.C 
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SYNOPSIS 

The design, construction, and maintenance of highways are influenced to a 
large degree by the land u n i t or land form w i t h which i t is l o c a l l y associated. 
P r i m a r i l y , land form means the form of the land. While t h i s i s important i n iden
t i f y i n g a land form, i t i s more important to know that s p e c i f i c s o l i d rock and 
moisture conditions e x i s t i n that land form. Therefore, a given land form pos
sesses a d i s t i n c t i v e type of r e l i e f , the texture of the s o i l varies i n a pre
scribed way from a "normal" for that land form; the ground water and s o i l mois
ture follow t y p i c a l trends. 

Land forms are of s i g n i f i c a n c e i n engineering because they influence the 
q u a l i t y and type of grading, pre-determine the drainage requirements and f i x the 
s o i l or rock conditions. They have added significance bepause there are an i n 
f i n i t e number of duplicates of each type. Consequently, when the best practice 
I S established for a given land form, those procedures can be generally applied 
to other s i m i l a r u n i t s . 

Such a process permits a high degree of standardization. At the same time 
I t confines that standardization to permissible l i m i t a t i o n s not always recog
nized i n the blanket a p p l i c a t i o n of standard methods. Using t h i s procedure, 
i n v e s t i g a t i o n a l work i s minimized and the occurrence of " unforeseen" events 
I S reduced. 

I n the t r a i n i n g of personnel, the land form gives them a tangible physical 
form to v i s u a l i z e . Since we learn by association, t h i s helps by taking a s o i l 
out of the abstract or detached c o n d i t i o n and d e f i n i t e l y r e l a t e s i t to topo
graphy and moisture conditions. I n small organizations where t e s t i n g equipment 
and s k i l l cannot be f i n a n c i a l l y j u s t i f i e d , design can be a matter of r e l a t i n g 
e x i s t i n g road conditions to new road requirements on s i m i l a r land forms. 

In the discussion of various land forms, emphasis i s placed on the physical 
c h a r a c t e r i s t i c s of the materials that compose them, and the i n t e r - r e l a t i o n s h i p 
of the r e l i e f , s o i l , rock and ground water c h a r a c t e r i s t i c s . 

In engineering p r a c t i c e , i t i s desirable to consider small u n i t s such as 
i n d i v i d u a l h i l l s , as land forms. I f , then, there is a series of h i l l s composed 
of the same material, they represent a r e p e t i t i o n of the same land form • a re
p e t i t i o n of the same conditions. 

Generally, each of these forms has some prominent c h a r a c t e r i s t i c that re
quires special consideration by the engineer. Among these to be discussed are 
the landslide tendencies of the basalt, clay, and clay shale land forms; special 
considerations i n l o e s s i a l areas; unusual s o i l conditions i n dry areas, and the 
special problems found i n the A r c t i c . 

Aerial and ground photographs have been used to i l l u s t r a t e i n d i v i d u a l forms 
as well as to i d e n t i f y the variations that occur w i t h i n each u n i t area. 
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The o b j e c t o f a s o i l s u r v e y i s 
t o p r o v i d e u s e f u l i n f o r m a t i o n on 
ground c o n d i t i o n s so t h a t e n g i n e e r -
i n g s t r u c t u r e s can be designed eco-
n o m i c a l l y . I n the category of use
f u l i n f o r m a t i o n i s to be found s o i l 
t e x t u r a l d e s c r i p t i o n s , i n d i c a t i o n s 
o f p l a s t i c i t y , e l a s t i c i t y , s h r i n k 
age, and o t h e r p h y s i c a l p r o p e r t i e s 
o f the s o i l and i t s b e a r i n g capa
c i t y . I n a d d i t i o n to the s o i l i t -
s e l f, t h e r e are c o n s i d e r a t i o n s o f 
s o i l moisture and ground water con
d i t i o n s and the l o c a t i o n and type 

t e s t i n g o f t h e s e samples, and t h e 
p l o t t i n g o f p r o f i l e i n f o r m a t i o n can 
not be j u s t i f i e d e c o n o m i c a l l y . On 
h e a v i l y t r a v e l l e d roads where hun
d r e d s of thousands o f d o l l a r s a r e 
expended f o r each m i l e , c o n s i d e r 
a b l e sums can be a l l o t t e d f o r the 
d e t a i l e d work t h a t may be n e c e s s a r y . 
I n c o n t r a s t , thousands o f m i l e s of 
road have and w i l l be b u i l t without 
t h e b e n e f i t o f s o i l i n f o r m a t i o n . 
Where t h e s e roads have f a i l e d r e 
p e a t e d l y , a s o i l survey o f some 
o r d e r would n o r m a l l y have a n t i c i -

F i g u f e 1 

o f bedrock when i t i s p r e s e n t . The 
depth to which the s u r v e y extends 
depends upon the type o f s t r u c t u r e 
i n v o l v e d and the depth of the exca
v a t i o n with r e f e r e n c e to the ground 
s u r f a c e . 

The o p e r a t i o n of s o i l s u r v e y i n g 
i s an e x p e n s i v e one; when combined 
w i t h t h e c o s t o f t e s t i n g t h e ma
t e r i a l sampled, t h e amount o f t e n 
becomes p r o h i b i t i v e . T h i s c o s t i s 
a f u n c t i o n o f the number o f samples 
o b t a i n e d and t e s t e d ; t h e r e f o r e , 
each sample must be r e p r e s e n t a t i v e 
a s w e l l a s s i g n i f i c a n t . On t h e 
m a j o r i t y of highway p r o j e c t s , de
t a i l e d s t a t i o n - t o - s t a t i o n sampling, 

pated and c o r r e c t e d o r compensated 
f o r the u n s a t i s f a c t o r y c o n d i t i o n . 
At the other extreme, a s o i l survey 
may have i n d i c a t e d an e q u a l l y s a t i s 
f a c t o r y and a more economical d e s i g n . 

The b a s i s of making s o i l s u r v e y s 
e c o n o m i c a l l i e s i n t h e j u d i c i o u s 
s e l e c t i o n o f s a m p l i n g l o c a t i o n s . 
The samples o b t a i n e d from such l o 
c a t i o n s should r e p r e s e n t an area of 
s o i l having some c o n s i d e r a b l e depth. 
F i g u r e 1 i l l u s t r a t e s the p r i n c i p l e 
o f s o i l - a r e a s u r v e y i n g i n w h i c h 
a) one sample l o c a t i o n i s t h e key 
to a s o i l a r e a , and b) s o i l a r e a s 
r e c u r , e l i m i n a t i n g t h e n e e d f o r 
a d d i t i o n a l samples i n s i m i l a r s o i l 
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a r e a s . T h i s l a n d form s u b d i v i d e s , 
on a p e d o l o g i c a l b a s i s • i n t o two 
r e c u r r i n g s o i l a r e a s . A r e p r e s e n 
t a t i v e l o c a t i o n permits the s o i l to 
be c l a s s i f i e d i n t h r e e dimensions, 
i n area, and i n depth. Sampling a t 
a l l "A" l o c a t i o n s would produce the 
same types of s o i l m a t e r i a l a t c o r 
r e s p o n d i n g d e p t h s . S a m p l i n g a t 
l o c a t i o n s " B* d i f f e r from the "A" 
b u t a r e s i m i l a r w i t h i n t h e "B" 
group. Without t h i s c o n c e p t t h e 
samples from a g i v e n l o c a t i o n have 
l i t t l e s i g n i f i c a n c e beyond the hole 
from which they were obtained. 

Where i t i s a p p l i c a b l e , t h e 
p r i n c i p l e of r e c u r r i n g s o i l a r e a s 
i s d i r e c t l y d e r i v e d f r o m s o i l 
s c i e n c e (pedology). That p r i n c i p l e 
can be s t a t e d a s : s i m i l a r s o i l s 
a r e d e v e l o p e d on s i m i l a r s l o p e s 
( p o s i t i o n s ) u n d e r t h e a c t i o n o£ 
w e a t h e r i n g o f s i m i l a r m a t e r i a l s . 
T h i s i s best i l l u s t r a t e d by example: 
where l i m e s t o n e s o c c u r , the a c t i o n 
o f w e a t h e r i n g p r o d u c e s a r e d d i s h 
s i l t y c l a y s o i l . Where the s l o p e s 
a r e the same, and the c l i m a t e not 
g r e a t l y a t v a r i a n c e , the depth and 
nature of the s o i l mantle are s i m i 
l a r r e g a r d l e s s o f g e o g r a p h i c l o c a 
t i o n . E v i d e n c e o f t h i s has been 
p r e s e n t e d e l s e w h e r e . (10, ( 2 ) ^ 
T h i s concept forms the b a s i s of the 
" M i c h i g a n " method where a l a r g e 
amount o f d e s i g n d e t a i l h a s been 
r e l a t e d t o s p e c i f i c s o i l o c c u r 
ences ( J ) . 

I t was i m p l i e d p r e v i o u s l y t h a t 
t h e p e d o l o g i c a l methods a r e n o t 
a l w a y s a p p l i c a b l e t o highway en
g i n e e r i n g . Such i n s t a n c e s may occur 
p a r t i c u l a r l y i n the s e m i - a r i d a r e a s 
w h e r e w e a t h e r i n g i n f l u e n c e s a r e 
m i n i m i z e d and s o i l p r o f i l e s a r e 
w e a k l y d e v e l o p e d . A t t e n t i o n i s 
d i r e c t e d to the f a c t the p r i n c i p l e s 
o f pedology appl y , but t h a t under 
t h o s e c i r c u m s t a n c e s s o i l c h a n g e s 
mapped on a p e d o l o g i c a l b a s i s may 
' Figures in parentheses r e f e r to the 
bibliography at the end of the paper. 

o f t e n be too r e f i n e d f o r u t i l i z a 
t i o n by e n g i n e e r s . 

I t i s not the p u r p o s e o f t h i s 
paper to propose a s p e c i f i c method 
to be used i n the e x e c u t i o n of s u r 
v e y s . The i n t e n t i s to d i r e c t a t 
t e n t i o n to the l a n d form as a u n i t 
common to a l l r e g i o n s and c l i m a t e s . 
A l a n d form i s a u n i t of l a n d hav
in g a d e f i n i t e form. The form of a 
l a n d u n i t i s c o n t r o l l e d by i t s o r i 
g i n a t i n g p r o c e s s , subsequent e a r t h 
movement, and the weather r e s i s t 
ance o f the m a t e r i a l s t h a t compose 
i t . F o r example, a v o l c a n o i s a 
l a n d form. I t i s a u n i t h a v i n g a 
d e f i n i t e shape and t h a t shape i s 
c a u s e d by t h e r e p e a t e d p r o c e s s 
of molten l a v a w e l l i n g up through a 
v e n t , f l o w i n g out, and c o o l i n g to 
form a cone. I n t h i s i n s t a n c e , the 
o r i g i n i s unique to t h i s one l a n d 
form and t h e r e f o r e t h e r e a r e no 
s i m i l a r l a n d forms h a v i n g a n o t h e r 
o r i g i n . 

The group o f l a n d forms t h a t 
comprise the sedimentary rock group 
( s a n d s t o n e , l i m e s t o n e , and s h a l e ) 
have the same o r i g i n , and t h e r e f o r e 
the same i n i t i a l form - l e v e l s u r 
f a c e and h o r i z o n t a l beds. I n s p i t e 
o f t h i s o r i g i n a l s i m i l a r i t y the r e 
s i s t a n c e o f t h e s e m a t e r i a l s t o 
w e a t h e r i n g i s so v a r i e d t h a t they 
r e a d i l y assume s e p a r a t e and d i s 
t i n c t l y i n d i v i d u a l forms. F i g u r e 2 
shows two a d j a c e n t , u n l i k e l a n d 
forms. Within the v a l l e y a r e a the 
numerous low h i l l s comprise a group 
of m o r a i n i c ( g l a c i a l ) l a n d forms. 
The p a r t i c u l a r road problems a s s o 
c i a t e d with t h i s form a r e r e p e a t e d 
i n e a c h c u t . The m a s s i v e h i l l s 
r i s i n g above the moraine a r e com
posed of hard s h a l e . Rock c u t s and 
seepage are c o n s i d e r a t i o n s i n t h i s 
l a n d form. I n those r e g i o n s where 
c l i m a t e has r e l a t i v e l y l i t t l e e f f e c t 
on s o i l s the l a n d form may s u f f i c e 
as a u n i t i n the h i g h e s t (most de
t a i l e d ) o r d e r of s u r v e y s . I n the 
r e g i o n s of h i g h e r r a i n f a l l and/or 
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g r e a t e r w e a t h e r i n g , t h e p e d o l o g i c 
s o i l s e r i e s may be an a c c e p t a b l e 
u n i t . U n d e r t h o s e c i r c u m s t a n c e s 
a l a n d f o r m may have two o r t h r e e 
or more s o i l - a r e a s p o s s e s s i n g c h a r 
a c t e r i s t i c s s u f f i c i e n t l y d i f f e r e n t 
t o w a r r a n t s e p a r a t e e n g i n e e r i n g 
c o n s i d e r a t i o n . 

(Photo: Robinson) 
F i g u r e 2. An Example o f Two A d j a c e n t 

U n l i k e Land Forms. 

L i k e w i s e , i t i s n o t an o b j e c t i v e 
t o a d v a n c e a p a r t i c u l a r means o f 
a c h i e v i n g t h e s u r v e y . A l l methods 
o f e x e c u t i n g t h e s o i l s u r v e y a r e 
based upon t h e i n d i s p e n s i b l e f i e l d 
s a m p l i n g . Depending upon t h e q u a l i 
t y and d e t a i l r e q u i r e d , t h e n a t u r e 
o f t h e a r e a , t y p e o f p e r s o n n e l 
a v a i l a b l e and o t h e r r e q u i s i t e s , 
t h i s b a s i c t y p e may be e x p e d i t e d by 
t h e use o f c o u n t y s o i l s u r v e y maps 
(USDA B u r e a u o f P l a n t I n d u s t r y ) , 
t o p o g r a p h i c maps, and a e r i a l p h o t o 
g r a p h s . The d e g r e e t o w h i c h t h e s e 
c a n s u p p l e m e n t d e t a i l e d s a m p l i n g 
and t e s t i n g d e p e n d s upon c i r c u m 
s t a n c e s ; i t s u f f i c e s t o p o i n t o u t 

t h a t a g r o w i n g number of. o r g a n i z a 
t i o n s a r e a b l e t o p r o d u c e s o i l - d e 
s i g n r e c o m m e n d a t i o n s a t a r e a s o n 
a b l e c o s t by u t i l i i i n g t h e s e s u p p l e 
mentary methods. 

At t h e p r e s e n t t i m e t h e Highway 
R e s e a r c h B o a r d C o m m i t t e e on The 
Sampling o f Subgrade and F o u n d a t i o n 
S o i l s ( F . R. O l m s t e a d , C h a i r m a n ) 
has s e c u r e d an u p - t o - d a t e c o m p i l a 
t i o n and e v a l u a t i o n o f s o i l s u r v e y 
maps t h r o u g h t h e c o o p e r a t i o n o f the 
S o i l S u r v e y D i v i s i o n (USDA). The 
US G e o l o g i c a l S u r v e y has r e c e n t l y 
p u b l i s h e d i n d e x maps s h o w i n g t h e 
s t a t u s o f t o p o g r a p h i c mapping and 
o f a e r i a l p h o t o g r a p h i c c o v e r a g e . 

The s o i l s u r v e y l i s t i n g shows 
t h a t i n some s t a t e s m a p p i n g has 
been c o m p l e t e d t o an e x t e n t t h a t 
t h e i r use would p e r m i t t h e a d o p t i o n 
o f t h e p e d o l o g i c method as a b a s i s 
o f g a t h e r i n g a n d a p p l y i n g s o i l 
i n f o r m a t i o n . 

The f o l l o w i n g q u o t a t i o n i n d i c a t e s 
t h e t o p o g r a p h i c mapping s i t u a t i o n , 
" B a r e l y h a l f o f t h e U n i t e d S t a t e s i s 
t o p o g r a p h i c a l 1 y mapped i n some manner 
and l e s s t h a n o n e - q u a r t e r o f t h e 
c o u n t r y i s covered by maps o f s u f f i 
c i e n t d e t a i l t o meet p r e s e n t day en
g i n e e r i n g r e q u i r e m e n t s . " (H^ . I n 
c o n t r a s t , more t h a n e i g h t y p e r c e n t 
o f t h e c o u n t r y has been p h o t o g r a p h e d . 
Those a r r a s n o t now c o v e r e d are gen-
e r a l l y t h e m o u n t a i n o u s and d e s e r t 
a r e a s . 

Land forms are p e r f e c t l y r e c o r d e d 
on a low c o n t o u r i n t e r v a l map and i n 
a e r i a l p h o t o g r a p h s ; t h e y a r e i n d i 
r e c t l y shown on s o i l maps. The l a n d 
f o r m as a u n i t i s the common denomi
n a t o r o f c i v i l e n g i n e e r i n g c o n s t r u c 
t i o n ; i n t h e p e d o l o g i c t y p e o f s o i l 
mapping t h e l a n d f o r m i s synonomous 
w i t h a p a r e n t m a t e r i a l a r e a , a c a t e n a 
a r e a , o r a s o i 1 - a s s o c i a t i o n a r e a . 
I n g e o l o g i c mapping i t becomes t h e 
s m a l l e s t l a n d u n i t t h a t c o n s i s t e n t 1y 
r e c e i v e s t h e a t t e n t i o n o f t h e geo
l o g i s t . I t i s i m p o r t a n t t o e n g i n e e r s 
because i t i s more t h a n a b a s i s o f 
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s o i l s u r v e y i n g ; i t i s a l s o the con
t r o l l i n g f a c t o r i n drainage r e q u i r e 
ments a n d e x c a v a t i o n q u a n t i t i e s . I t 
s p e c i f i e s the type o f m a t e r i a l to 
be excavated and otherwise i n c l u d e s 
s u c h c h a r a c t e r i s t i c s a s s u s c e p t i 
b i l i t y to ( l a n d ) s l i d i n g . 

The l a n d f o r m a d i s c u s s e d a r e 
g e n e r a l l y s u b d i v i s i o n s o f the l a n d 
forms a c c e p t a b l e i n geomorphology. 
The broad and general c l a s s i f i c a t i o n 
o f l a n d forms i s not o f t e n s u f f i 
c i e n t l y s p e c i f i c f o r the d e t a i l e d 
t reatment of e n g i n e e r i n g p r o j e c t s ; 
t h e r e f o r e , when the g e o l o g i s t s t o p s 
w i t h the t h i r d ( l o w e s t ) o r d e r l a n d 
f o r m s ( v a l l e y s , r i d g e s , b a s i n s , 
e t c . ) an e n g i n e e r must c o n t i n u e 
to s u b d i v i d e t h e s e i n t o sub-forms 
o f a suggested f o u r t h or f i f t h o r 
d e r . The need f o r t h i s may be i l 
l u s t r a t e d by v i s u a l i z i n g two con
tour maps of the same a r e a ; one map 
h a v i n g a S O - f t . c o n t o u r i n t e r v a l 
may p r e s e n t a g e n e r a l p i c t u r e o f 
the area> but d e t a i l s n e c e s s a r y to 
e n g i n e e r s a r e shown o n l y on the map 
h a v i n g a 5 - f t . c o n t o u r i n t e r v a l . 
Where sub-order land forms are con
s i d e r e d , more than topographic form 
i s i n v o l v e d , f o r w i t h i n a g i v e n 
l a n d form t y p e t h e mass o f s o i l 
and/or rock and ground water condi
t i o n s w i l l vary to some e x t e n t and 
t h e s e a r e r e f l e c t e d i n v a r i a t i o n s 
i n s o i l c o l o r a n d v e g e t a t i v e 
cover. ( 5 ) . 

LAND POBMS 

The e a r t h ' s f e a t u r e s may be d i 
v i d e d i n t o l a n d forms so t h a t each 
form p r e s e n t s s e p a r a t e and d i s t i n c t 
s o i l c h a r a c t e r i s t i c s , topography, 
r o c k m a t e r i a l s , and ground w a t e r 
c o n d i t i o n s . The r e c u r r e n c e o f a 
l a n d form, r e g a r d l e s s of l o c a t i o n , 
i m p l i e s a r e c u r r e n c e o f the b a s i c 
c h a r a c t e r i s t i c s of t h a t land form. 

The bedrock l a n d forms f o l l o w 
t h e c o n v e n t i o n a l d e l i n e a t i o n w i t h 
s e v e r a l notable e x c e p t i o n s : g r a n i t e s 
a r e u l t i m a t e l y s u b d i v i d e d i n t o low 
and h i g h q u a r t z g r a n i t e s ; s o l u b l e 

l i m e s t o n e s a r e s e p a r a t e d from the 
dolomites and young c o r a l i n e l i m e 
s t o n e s ; s h a J e s i n t o t h e c l a y and 
sandy t y p e s ; s a n d s t o n e s i n t o hard-
massive and s o f t . G l a c i a l d r i f t i s 
s u b d i v i d e d i n t o m o r a i n e s , t i l l 
p l a i n s , outwash p l a i n s , kames, e s -
k e r s , drumlins, v a l l e y t r a i n s , l a k e 
beds, and peat bogs; a e o l i a n m a t e r i 
a l s i n t o s a n d d u n e s and l o e s s . 
W a t e r - l a i d m a t e r i a l s a l s o i n c l u d e 
f l o o d p l a i n s , t e r r a c e s , a l l u v i a l 
f a n s and c o s t a l p l a i n s a s w e l l a s 
t h o s e a l r e a d y a s s i g n e d to o t h e r 
c a t e g o r i e s . 

While s e v e r a l o f the forms a r e 
u s u a l l y r e c o g n i z e d a s g e o l o g i c a l 
u n i t s , e a c h has been c l a s s i f i e d 
p r i m a r i l y upon i t s p h y s i c a l c h a r a c 
t e r i s t i c s , e s p e c i a l l y t h o s e t h a t 
are c l o s e l y r e l a t e d to e n g i n e e r i n g . 

The f o l l o w i n g examples have been 
s e l e c t e d to i l l u s t r a t e a v a r i e t y of 
l a n d forms and t o p o i n t o u t t h e 
e f f e c t of extreme c l i m a t i c c o n d i 
t i o n s i n the a r i d and a r c t i c r e g i o n s ' 

SOLUBLE LIMESTONES 
The wide d i s t r i b u t i o n o f l i m e 

stone on the s u r f a c e of the e a r t h , 
and the i n f o r m a t i o n e x i s t i n g r e 
garding the s o i l m a t e r i a l weathered 
from these rocks, are c o n s i d e r a t i o n s 
t h a t make t h i s an e x c e l l e n t i l l u s 
t r a t i o n of a bedrock land form. 

The s o l u b l e l i m e s t o n e s weather 
to forms having combined c h a r a c t e r 
i s t i c s t h a t s e t them a p a r t from a l l 
o t h e r t y p e s . T h e s e f e a t u r e s a r e 
r e c o g n i z a b l e p a r t i c u l a r l y i n a e r i a l 
p h o t o g r a p h s by t h o s e h a v i n g t h e 
most elementary t r a i n i n g , whereas, 
on the ground they may be i n d i s t i n 
g u i s h a b l e to a l l but the e x p e r t . 
The i d e n t i f y i n g f e a t u r e s to be seen 
on topographic maps of a e r i a l photo
graphs a r e found i n the c r o s s - s e c 
t i o n and p r o f i l e c h a r a c t e r i s t i c s of 
t h e v a l l e y s s u p p l e m e n t e d by t h e 
p r e s e n c e o f s i n k h o l e s i n the up
l a n d and t h e r e l a t i v e l y a n g u l a r 
o u t l i n e of the land form. F i g u r e 3 
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F i g u r e 3. ( S c a l e : 1 i n . . 1250 
I d e n t i f y i n g t h e S o l u b l e 

i s a v e r t i c a l p h o t o g r a p h r e c o r d i n g 
i n e x a c t d e t a i l t he s u r f a c e p h y s i c a l 
f e a t u r e s and t h e n u m e r o u s s i n j i -
i i o l e s i d e n t i f y i n g t h e s o l u b l e l i m e 
s t o n e b e d r o c k . Water s t a n d i n g i n 
the s i n k s marks t h o s e b l o c k e d w i t h 
e r o d e d s o i l . The m a j o r i t y a r e d r y 
and f r e e d r a i n i n g . The d a r k a r e a 
(A) i s a g r o u p o f f o r e s t e d c l a y -
s h a l e h i l l s d i f f e r i n g i n e v e r y way 
f r o m t h e a d j a c e n t l i m e s t o n e . The 
o u t l i n e i s r e p r e s e n t e d i n a p l a n 
v i e w by t h e l i n e m a r k i n g t h e con
t a c t between t h e a l l u v i u m and t h e 
u p l a n d , o r b e t w e e n t h e l i m e s t o n e 
and an u n d e r l y i n g f o r m a t i o n . Modi
f i c a t i o n o f t h i s i s f o u n d i n t h e 
t r o p i c s u n d e r a d v a n c e d s t a g e s o f 
w e a t h e r i n g a n d a l s o i n t i l t e d 
s t r u c t u r e s . The proce s s o f weather
i n g reduces t he l i m e s t o n e t o a r e d 
d i s h s i l t y - c l a y s o i l v a r y i n g i n 
t h i c k n e s s b e t w e e n one and 20 f t . 
I n s p e c t i o n i d e n t i f i e s t h e l a n d form 
as l i m e s t o n e ; t h e g e n e r a l d e p t h o f 
the m a n t l e can be e s t i m a t e d by r e 
f e r e n c e t o o u t c r o p s . By s a r a p l i n g , 

(USDA Photo) 
f t . ) S u r f a c e P h y s i c a l F e a t u r e s 
Limestone Bedrock. 
t h e g e n e r a l t e x t u r e o f t h e s e s o i l s 
has been e s t a b l i s h e d . T a b l e 1 i s 
an e x t r a c t o f d a t a a c c u m u l a t e d from 
t h e samples o f these s o i l s . 

W i t h i n t h e l i m e s t o n e t y p e s o f 
l a n d f o r m t h e r e i s a r e l a t i v e l y 
n a r r o w v a r i a t i o n f r o m average con
d i t i o n s . However, t h i s m a t e r i a l 
p r e s e n t s so much o f a c o n t r a s t t o 
o t h e r s t h a t i t i s u n i q u e . I n i t i 
a l l y , t h e h o r i z o n t a l beds o f l i m e 
s t o n e p r e s e n t e d a r e l a t i v e l y l e v e l 
s u r f a c e . S u b s e q u e n t w e a t h e r i n g 
p r o d u c e s s i n k h o l e t o p o g r a p h y i n 
the u p l a n d . T h i s t o p o g r a p h y c r e a t e s 
many s m a l l c u t s and s h o r t f i l l s i n 
road a l i g n m e n t t o g e t h e r w i t h a spe
c i a l need t o p r o t e c t t h e r o a d w a y 
f r o m t h e f u r t h e r c a v i n g o f t h e 
s i n k s . Inasmuch as some s i n k s a r e 
f r e e - d r a i n i n g i n t o u n d e r g r o u n d 
c a v e r n s and o t h e r s a r e p l u g g e d , 
t h e i r p r e s e n c e c r e a t e s a l t e r n a t e 
c o n d i t i o n s o f bad and e x c e s s i v e 
d r a i n a g e . As i n F l o r i d a on Highway 
No. 9 ( 6 ) t h e s e p r o v i d e d t h e o n l y 
r e a s o n a b l e means o f d i s p o s i n g o f 
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TABLE 1 
Qaographic Garrelation Of Limestone Soils 

Based Dxin Some Atterberg L i m i t s " 

Atterberg ' 
LL Pf 

69.3 27.6 
57.4 33.9 
63.6 29.5 
56.B 28.4 
59. 1 20.3 
65.0 35.5 
60.0 40.9 
54.1 31.7 

Geographic Location 
1. US - Alabama 
2. US - Arizona 
3. m - Indiana 
4. US - Kansas 
5. US - Kentucky 
6. US - Ohio 
7. US • Oklahoma 
8. US - West V i r g i n i a 
9. W. Indies - Barbados 107.0 79.1 
10. W. Indies - Puerto 61.8 26.2 
11. E. Indies - Papua 68.5 37.3 

Without exact data, s o i l s at the f o l 
lowing l o c a t i o n s have been c l a s s i f i e d as 
indicated. 
12. Zanzibar, Tanganyika, N. W. A f r i c a , 
Spain, Greece, Turkev, Palestine Tnnidad, 
Cuba, H a i t i and Java as medium heavy clay 
t o f a t waxy clay ranging from p l a s t i c t o 
very p l a s t i c i n consistency. 

"Source: Nos. l-8.(«); 10 ( f l ) ; 12 (iO) 

s u r f a c e water. 
The p e c u l i a r i t i e s of we a t h e r i n g 

produce a smooth but h i g h l y i r r e g u 
l a r r o c k s u r f a c e . I n c u t s t h e 
s o i l mantle i s o f t e n found to va r y 
a s much a s 10 f t . i n t h i c k n e s s 
w i t h i n a few f e e t measured h o r i z o n 
t a l l y , t h u s the s o i l c u s h i o n be
n e a t h the pavement may v a r y from 
one to many f e e t w i t h i n s h o r t d i s 
t a n c e s . Although a s i l t y c l a y , 
these limestone s o i l s , normally de
ve l o p e d , seem to be the e x c e p t i o n 
to the t e x t u r a l c r i t e r i a for pumping 
beneath r i g i d pavements. 

LAND FORMS OF 
WIND-TRANSPORTED MATHWALS 

Windblown m a t e r i a l s or e x t e n 
s i v e and important d e p o s i t s i n many 
p a r t s of the world . They v a r y i n 

s i z e from the v a s t l o e s s p l a i n s o f 
Nort>h China, C e n t r a l Europe, and the 
C e n t r a l U n i ted S t a t e s , to r e l a t i v e l y 
i n s i g n i f i c a n t i s o l a t e d dune d e p o s i t s 
o c c u r r i n g i n almost every c o u n t r y . 
The t e x t u r e and u n i f o r m i t y of these 
d e p o s i t s has been shown by l o c a l 
i n v e s t i g a t i o n s but only i n i s o l a t e d 
i n s t a n c e s have t h e r e been e f f o r t s 
t o b r i n g the s i g n i f i c a n c e of t h e s e 
to the a t t e n t i o n of e n g i n e e r s . 

The l o e s s ( s i l t ) and sand have 
s e p a r a t e and d i s t i n c t l a n d forms. 
While there are some wide v a r i a t i o n s 
from the normal forms, i t has been 
observed ( 5 ) t h a t l o e s s i s u s u a l l y 
d e p o s i t e d i n r i d g e s whose axes a r e 
app r o x i m a t e l y p a r a l l e l . T h i s t e n 
dency t h a t i s a p p a r e n t i n a e r i a l 
photographs and i n some topographic 
maps i s l o s t t o an i n d i v i d u a l on 
the ground. F i g u r e 4 i s a v e r t i c a l 
photograph of deep l o e s s n e a r the 
source. The axes of the i n d i v i d u a l 
r i d g e s have been i n d i c a t e d to em
p h a s i z e the p a r a l l e l i s m o f t h i s 
l a n d form. S t u d i e s have shown the 
presence of very f i n e sand near the 
s o u r c e ( f l o o d p l a i n s ) w i t h a r e 
placement by s i l t and c l a y a t grea t 
d i s t a n c e s . S a m p l e s l i s t e d i n 
T a b l e s 2 and 3 r e f l e c t t h e i r p o s i 
t i o n w i t h r e s p e c t to the so u r c e by 
the amount of sand p r e s e n t rfr higher 
i n d i c e s where sand was absent. 

The data shown i n Ta b l e s 2 and 3 
a l s o i l l u s t r a t e the remarkable u n i 
f o r m i t y of t e x t u r e and c o n s i s t e n c y 
r e g a r d l e s s of geographical l o c a t i o n . 
T h i s i s emphasized by the s i m i l a r 
c o n s t r u c t i o n methods t h a t are p r a c 
t i c e d i n w i d e l y s e p a r a t e d a r e a s . 
These c h a r a c t e r i s t i c s a r e so con
s i s t e n t from land form to land form 
t h a t s e v e r a l highway d e p a r t m e n t s 
have found t h a t i n the l o e s s a r e a s 
numerous e l e m e n t s of d e s i g n and 
c o n s t r u c t i o n a c h i e v e i d e n t i c a l r e 
s u l t s , even though wid e l y s e p a r a t e d . 
On t h i s b a s i s , the " s h r i n k a g e " of 
the m a t e r i a l between the ex c a v a t i o n 
and the embankment i s r e l a t i v e l y 
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F i g u r e 4. ( S c a l e : 1 i n . • 3520 f t ) 
(USDA Photograph) 

Deep Loess Near t h e Source. 

TABLE 2 
Grain-size Date on Various Loess Deposits' 
Geographic 
Location 

1. China 
2. Germany 
3. Iowa 
4. Nebraska 
5. I l l i n o i s 
6. Missouri 
7. Idaho 
8. Tennessee 
9. Mississippi 
10. Kansas 
11. Washington 
12. Wisconsin 
13. Colorado 
14. South Dakota 
15. Louisiana 
16. Kentucky 

•source C12) {8) 

TABLE 3 
Sone physical Test Results 

Sand S i l t Clay On Loessial Materials 

6.4 67. 1 26.5 
8.0 66.0 26.0 
6.S 76.0 17.5 Geographic LL PI Max. Wt Opt. 
13..0 75. 0 12.0 Location Miist 
19.0 73.0 8.0 
15.0 67.0 18.0 
17.5 60. 5 22.0 1. China 29. 6.1 

104. 5 
-

11.5 72. 5 16.0 2. Tennessee 29.0 4.9 104. 5 18.2 
11.0 83.0 6.0 3. Mississippi 31.8 3. 1 104.9 17.8 
9.0 71.2 26.6 4. I l l i n o i s 26.2 3.9 106.2 15.5 
6.8 64.0 29.2 5. Washington 30.7 7.5 99.5 21.4 
1.0 68.0 31.0 6. Missouri 33.6 16.3 - -

11.0 68.8 20.2 7. Nebraska 32.0 8.0 - -
2.0 76.3 20.4 8. Indi ana 29.6 7.6 - -
4.0 88.0 8.0 9. Iowa 28.0 9.5 - -
0.6 88.8 10.6 

"Source: 1-9 {5,8) 

''Lb. percu. Ft. (dry) Proctor 
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f i x e d s i n c e t h e n a t u r a l d e n s i t y and 
t h e c o m p a c t e d d e n s i t y a r e n e a r l y 
c o n s t a n t v a l u e s . L i k e w i s e , l i m i t e d 
d a t a on t h e amount o f p o r t l a n d ce
ment r e q u i r e d t o s t a b i l i z e l o e s s 
i n d i c a t e s t h a t o v e r c o n s i d e r a b l e 
a r e a s , 10 t o 12 p e r c e n t by volume 
has been s a t i s f a c t o r y . F i g u r e 5 
i l l u s t r a t e s a c o n s t r u c t i o n c h a r a c 
t e r i s t i c t o be o b s e r v e d i n a l 1 l o e s s 
a r e a s . When a l a n d f o r m t y p e ex
h i b i t s t h i s degree o f u n i f o r m i t y i n 
s o i l and r e l a t e d c o n d i t i o n s , t h e 
amount o f f i e l d s a m p l i n g and l a b 
o r a t o r y t e s t i n g becomes i n s i g n i f i 
c a n t . The r u l e o f v e r t i c a l c u t 
s l o p e s i n t r o d u c e s an element o f i n 
s t a b i l i t y i n deep c u t s i n l o e s s . 
I n sub-humid c l i m a t e s o f t h e n o r t h 
w e s t e r n U. S. and C h i n a , s i m p l e 
s l o p e s i n 80 t o 100 f t . c u t s have 
b e e n s a t i s f a c t o r y . E x c e s s i v e l y 
e r o s i o n , t h e s e s o i l m a t e r i a l s r e 
q u i r e s p e c i a l p r o t e c t i o n f r o m r u n 
n i n g w a t e r . The so u r c e area o f t h e 
l o e s s can be seen i n t h e background 
o f t h i s p i c t u r e . Back o f t h e camera 
t h e l o e s s e x t e n d s , as a g r a d u a l l y 
t h i n n i n g d e p o s i t , f o r more t h a n 
100 m i . 

s i l t was s l o p e d and sodded i n a c u t 
s e c t i o n . S u b s e q u e n t e r o s i o n has 
been so s e v e r e as t o d e s t r o y t h e 
e s t a b l i s h e d c o v e r . 

Dune sand a l s o p r e s e n t s a r e 
m a r k a b l e u n i f o r m i t y t h a t has been 
caused by t h e s o r t i n g a c t i o n o f t h e 
w i n d . The r e c o g n i t i o n o f t h e dune 
f o r m s o f a l l s i z e s i n a i r p h o t o s 
e s t a b l i s h e d t h e l i m i t s o f t h e g r a i n 
s i z e w i t h i n a n a r r o w range. A spe
c i f i c s o i l s e r i e s w i l l be f o u n d t o 
be r e l a t e d t o o l d dunes when fo u n d 
on s o i l maps. R e c e n t o r a c t i v e 
dunes a r e so l a b e l e d . Seldom a r e 
t o p o g r a p h i c maps s u i t a b l e f o r t h i s 
l a n d form i d e n t i f i c a t i o n . F i g u r e 7 
shows a t y p i c a l dune p a t t e r n i n t h e 
s u b - a r c t i c i n a v e r t i c a l p h o t o g r a p h 
o f a h e a v i l y f o r e s t e d d u n e and 
swamp a r e a . I n s p i t e o f t h e vege
t a t i v e c o v e r t h e l i g h t g r a y o f t h e 
d r y sand i s o b v i o u s . S i m i l a r dunes 
a r e c o m m o n p l a c e i n t h e t r o p i c s . 
S amples o f dunes f r o m t h e a r c t i c 
c o a s t t o t h e s o u t h e r n h e m i s p h e r e 
h a v e f u r n i s h e d t h e s t a t i s t i c a l 
p r o o f o f t h e i r u n i f o r m i t y i n t o p o 
g r a p h i c a nd t e x t u r a l c h a r a c t e r 
i s t i c s . P r o t e c t i o n o f s l o p e s a g a i n s t 

llllllllllllll^^ .j^^l^^jjjjjjjjjjjjj^^ 
(Courtesy: The Highway Magazine) 

F i g u r e 5. Bench-type C o n s t r u c t i o n 
i n Loess 

The t e n d e n c y t o assume a v e r t i 
c a l s l o p e can be seen d e v e l o p i n g a t 
t h e o r i g i n a l g r o u n d l i n e i n F i g u r e 
6.. I n t h i s i n s t a n c e , t h e l o e s s i a l 

(Photo: H. E. Nelson) 
F i g u r e 6. E r o s i o n o f L o e s s i a l 

S i l t Cut S e c t i o n 
w i n d e r o s i o n , e x c e s s i v e w e a r on 
equipment, h i g h b i n d e r - s o i l r e q u i r e 
m e n t s and an e x c e e d i n g l y p o r o u s 



18 

F i g u r e 7 ( S c a l e : 1 i n . = 1259 f t . ) H e a v i l y F o r e s t e d Dune 
and Swamp Area. 

s u b g r a d e a r e f e a t u r e s o f t h e many 
dune a r e a s w h e t h e r i n Maine o r i n 
Nevada, as shown i n F i g u r e 8. The 
w h i t e sand h i l l s i n t h e f o r e g r o u n d 
o f t h e p i c t u r e c o n t r a s t i n e v e r y 
way t o t h e d a r k r o c k h i l l s i n t h e 
background. 

(Photo: Nevada Dept of Highways) 
F i g u r e 8. The Sand Dune as a 

Land Form 

A b r i e f o f t h i s d a t a i s shown i n 
T a b l e 4. R e c o g n i z i n g t h e c h a r a c 
t e r i s t i c f o r m o f dunes and e s t i 
m a t i n g t h e i r d i s t a n c e f r o m t h e 
s o u r c e p e r m i t s r e f e r e n c e t o t h e 
t a b l e f o r a c l o s e a p p r o x i m a t i o n o f 
th e g r a i n s i z e d i s t r i b u t i o n . H a v i n g 
e s t a b l i s h e d t h e l a n d f o r m and t h e 
t e x t u r e o f these s o i l s by one o f t h e 
meth o d s , o b s e r v a t i o n s and r e c o r d s 
w i l l i n d i c a t e t h e b e s t p r a c t i c e t o 
be f o l l o w e d i n d e a l i n g w i t h them as 
s u b - g r a d e o r f o u n d a t i o n m a t e r i a l . 
Thus t h e c o n c e p t o f t h e l a n d f o r m 
p r o v i d e s a t a n g i b l e b a s i s f o r 
g a t h e r i n g and c o m p a r i n g , n o t o n l y 
s o i l d a t a b u t d e s i g n and subsequent 
pe r f o r m a n c e r e c o r d s . 

LAND FORMS IN 
GLACIATED REGICWS 

The areas o f t h e e a r t h t h a t have 
been i n f l u e n c e d by g l a c i a t i o n may 
c o n t a i n any or a l l o f t h e l a n d forms 



TABLE 4 
Mechanical Analyses Of Dune Sands' 

Sieve Analysis (Average) 
Geographic Number Pass 20 Pass 40 Pass 60 Minus 
Location Samples Plus 20 Ret. 40 Ret. 60 Ret. 100 100 

1. u. S. Nebraska Trace 5.9 20.8 66. 1 6.9 
2. U. S. Wisconsin 0.4 20.8 33.4 36.6 8.6+ 
3. U. S. I l l i n o i s - 2. 1 14.0 69.9 14.0 
4. U. S. N. Dakota -••S Trace 9.2 20. 3 58.9 11.4 
5. V. S. Kansas 3 Trace 4.7 24. 3 67.3 2.6+ 
6. U. S. Massachusetts 2 Trace 5.5 23.4 67.6 2. 3+ 
7. U. S. Washington 1 6.0 14.0 41.0 27.5 11. 5 
8. U. S. Alaska « « - 21.8 58. 2 20.0 
9. B r i t i s h Columbia 'I . 6. 5 31.2 43.6 17.5+ 
10. Peru, S. A. 1 • - Trace 0. 3 87.3 12. 3+ 
11. Laborador 1 - 3.2 26.6 59.2 11.0 
12. C h u r c h i l l , Manitoba 1 - 6.6 38. 5 54.7 0.2 
13. Pan American Hwy,, C- A. 1 - 0.5 5.4 59.2 34.7 
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^Source: 1-6 (12) 

p r e v i o u s l y enumerated. Of p a r t i c u 
l a r i n t e r e s t t o e n g i n e e r s a r e t h e 
l e v e l , w e l l - d r a i n e d t e r r a c e s o r 
" v a l l e y t r a i n s . " A g r o u n d v i e w of 
a t e r r a c e l a n d f o r m i s shown i n 
F i g u r e 9, showing the f l a t s u r f a c e , 
t h e a s s o c i a t e d u p l a n d , and t h e r e 
c e n t a l l u v i u m i n t h e f o r e g r o u n d . 
The w e l l d e f i n e d e d g e s , l a c k o f 
s u r f a c e d r a i n a g e , and a b s e n c e o f 
g u l l e y s on t h e t e r r a c e f a c e i n d i 
c a t e t h e p r e s e n c e o f g r a v e l . The 
low mountain i n the background i s a 
t y p i c a l " g r a n i t e " l a n d f o r m t o be 
found i n many p a r t s o f t h e w o r l d . 

T h e s e g r a v e l a n d s a n d p l a i n s 
o f f e r e x c e l l e n t s i t e s f o r a i r p o r t s 
and h i g h w a y s s i n c e t h e e s s e n t i a l 
f e a t u r e o f t h i s l a n d f o r m i s i t s 
n e a r l y l e v e l s u r f a c e . W h i l e good 
s u b - d r a i n a g e i s t h e r u l e i n s u c h 
a r e a s , an i n s p e c t i o n o f s o i l maps 
or a e r i a l p h o t o s w i l l show c o n s i 
d e r a b l e v a r i a t i o n i n s o i l and d r a i n 
age c o n d i t i o n s w i t h i n t h e t e r r a c e 
a r e a . F i g u r e 10 i l l u s t r a t e s s u c h 
an a r e a . The v e r t i c a l view p r e s e n t s 

(photo: H. E. Nelson) 
F i g u r e 9. T e r r a c e Land Form 

tn e s t r o n g c o n t r a s t i n s o i 1 p a t t e r n s 
f o u n d i n r e l a t i v e l y i m p e r v i o u s 
s i l t y c l a y and t h a t a s s o c i a t e d w i t h 
g r a v e l s . The i n t e g r a t e d d r a i n a g e 
p a t t e r n and t h e m o t t l e d b l a c k and 
w h i t e s o i l p a t t e r n mark t w o - f i f t h s 
o f t h e a r e a as a s i l t y c l a y . The 
r e l a t i v e l y p l a i n appearance o f t h e 
c e n t r a l p o r t i o n i s a t y p i c a l g r a v e l 
p a t t e r n . The s m a l l i r r e g u l a r d a r k 
d o t s i n t h i s a r e a a r e v e r y s l i g h t 
d e p r e s s i o n s a c t i n g as " i n f i l t r a t i o n 
b a s i n s " f o r s u r f a c e w a t e r . A l t h o u g h 
t h e a r e a r e p r e s e n t s s e v e r a l s q u a r e 
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F i g u r e 10. ( S c a l e : 1 i n . ; 5000 
P a t t e r n s Found i n R e l a t i v e 

m i l e s , no s u r f a c e r u n o f f o c c u r s . 
C oarse g r a v e l o c c u r s i n t h e l i g h t 
b and t h a t p a r a l l e l s t h e b o u n d a r y 
between t h e two d e p o s i t s . 

F i g u r e 11 i s a ground v i e w o f a 
f l e x i b l e r o a d s u r f a c e on a t e r r a c e 
l a n d f o r m c o r r e s p o n d i n g t o t h a t 
shown i n F i g u r e s 9 and 10. T h i s 
i l l u s t r a t e s t h e " s t a n d a r d " p e r f o r 
mance e x p e c t e d on t h e l e v e l , w e l l -
d r a i n e d ( g r a v e l ) l a n d f o r m s . 
G r o u n d - l i n e p r o f i l e s , i n s i g n i f i c a n t 
d i t c h r e q u i r e m e n t s , few c u l v e r t s 
and a t h i n ( 4 - i n . ) base are common
p l a c e e l e m e n t s t h a t p r o d u c e s a t i s 
f a c t o r y s e r v i c e on t h i s r o a d . 
The s m a l l d a r k a r e a s w i t h i n t h e 
t e r r a c e l a n d form, m e n t i o n e d i n r e 
f e r e n c e t o F i g u r e 10, a r e shown a t 
c l o s e range i n F i g u r e 12. I n such 
a r e a s , two o r t h r e e e x t r a i n c h e s o f 
base m a t e r i a l s a r e needed t o d i s 
t r i b u t e t h e t r a f f i c l o a d t o t h e 

(AAA photograph) 
f t . ) The S t r o n g C o n t r a s t i n S o i l 
l y I m p e r v i o u s S i l t y C l a y 

s o i l t h a t i s more p l a s t i c and i m 
p e r f e c t l y d r a i n e d . 

F i g u r e 11. F l e x i b l e S u r f a c e Road 
on a T e r r a c e Land Form 

I n many a r e a s l a r g e q u a n t i t i e s 
o f sand and g r a v e l are r e q u i r e d f o r 
c o n s t r u c t i o n work. As a g g r e g a t e , 
as base course m a t e r i a l , or as f i l l 
m a t e r i a l , t h e s e g r a n u l a r m a t e r i a l s 
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a r e o f t e n o f u t m o s t i m p o r t a n c e . An 
e s k e r i s a l a n d f o r m i n w h i c h 
g r a v e l and sand a r e f o u n d . 

One o f t h e s e r i d g e s i s shown i n 
F i g u r e 13. T h i s g r a v e l r i d g e r e 
s e m b l i n g a l o n g " f i l l " has an un
m i s t a k a b l e l a n d f o r m . E s k e r s , 
common i n m o s t g l a c i a t e d a r e a s , 
s ometimes r e a c h t h e l e n g t h o f 100 
m i . , o t h e r a few hundred y a r d s . I n 
t h i s view, l a k e s i n t e r s p e r s e d among 
b a r e g r a n i t e h i l l s c o m p r i s e t h e 
b a l a n c e o f t h e a r e a . T h i s u n i q u e 
f o r m c o n s i s t s o f w a t e r - w a s h e d and 
a s s o r t e d g r a v e l s and sands. They 
ar e e x c e l l e n t as a source o f g r a v e l 
and because o f t h e i r w e l l - d r a i n e d 
c h a r a c t e r t h e y a r e adapted t o w i n t e r 
g r a d i n g . Even i n t h e a r c t i c t h e y 
r e m a i n u n f r o z e n when a d j o i n i n g de
p o s i t s become f i l l e d w i t h g r o u n d 
i c e . 

F i g u r e 12. " I n f i l t r a t i o n B a s i n s " 
i n T e r r a c e Land Form 

CLIMATIC INFLUENCES ON LAND FGPUS 
I n a reas where e x t r e m e s o f c l i 

m a t e a r e e x p e r i e n c e d t h e r e a r e 
numerous i n f l u e n c e s w h i c h a r e n o t 
p r e s e n t u n d e r m o d e r a t e c l i m a t i c 
c o n d i t i o n s . I n s u c h a r e a s a i r -
p h o t o s a r e p a r t i c u l a r l y v a l u a b l e 
because o f the l i m i t e d knowledge o f 
t e r r a i n c o n d i t i o n s and t h e l a c k o f 
maps o f o t h e r t y p e s . D e s e r t a r e a s 
and t h e a r c t i c r e g i o n s a r e examples 
o f e x t r e m e s o f c l i m a t e t h a t e x e r t 

g r e a t i n f l u e n c e on s o i l and founda
t i o n c o n d i t i o n s . I n s u c h a r e a s 
where the c l i m a t e i n f l u e n c e s e n g i n 
e e r i n g works t h e l a n d forms n a t u r 
a l l y p r e s e n t a r e n o t g r e a t l y a l 
t e r e d by t h e c l i m a t i c f o r c e s . 
T h e s e u n u s u a l e f f e c t s a r e f o u n d 
s u p e r i m p o s e d upon l a n d f o r m s f o u n d 
e l s e w h e r e ; t h u s as a u n i t i t r e 
mains a common d e n o m i n a t o r r e g a r d 
l e s s -of c l i m a t e . 

The p a r t i c u l a r p r o b l e m s o f t h e 
a r c t i c a r e a s s o c i a t e d w i t h a r e a s 
where t h e a v e r a g e a n n u a l t e m p e r a 
t u r e f a l l s below t h e f r e e z i n g p o i n t ; 
u n d e r such c i r c u m s t a n c e s t h e tem
p e r a t u r e o f t h e ground i s g e n e r a l l y 

(RCAF photo) 
F i g u r e 13. An O b l i q u e View 

o f an Esker. 
below f r e e z i n g . P e r e n n i a l l y f r o z e n 
ground, or p e r m a f r o s t , e x i s t s under 
t h e s e c o n d i t i o n s b u t t h e p r o b l e m 
becomes c r i t i c a l o n l y when w a t e r 
has been s u p p l i e d t o t h e s o i l and 
t h a t w a t e r has been c o n c e n t r a t e d 
i n t o i c e l e n s e s a n d m a s s e s o f 
g r o u n d i c e . The c o n s t r u c t i o n o f 
b u i l d i n g s , r o a d s , and r u n w a y s , o r 
i n f a c t a n y d i s t u r b a n c e o f t h e 
g r o u n d c o v e r i n i t i a t e s m e l t i n g and 
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a r e s u l t i n g e x c e s s i v e s e t t l e m e n t . 
Two g e n e r a l c o n d i t i o n s a r e en

c o u n t e r e d . I n a r e a s where u n c o n 
s o l i d a t e d m a t e r i a l s a r e p r e s e n t , 
t h e young d e p o s i t s s u c h as f l o o d 
p l a i n ( l a n d f o r m ) m a t e r i a l s have 
i c e p r e s e n t i n m i n o r l e n s e s and 
v e i n s 1/8 t o ^ i n . i n t h i c k n e s s . 
I n o l d e r m a t e r i a l s ( c o a s t a l p l a i n , 
m o r a i n , t e r r a c e l a n d f o r m s ) t h e 
g r o u n d i c e has formed i n t o m a s s i v e 
wedges o f i c e t h a t a r e o f t e n s e v e r 
a l f e e t w i d e a t t h e s u r f a c e and 
t a p e r downward t o depths o f as much 
as 40 f t . I n p l a n t h e s e wedges 
f o r m i n t o t h e p o l y g o n a l p a t t e r n 
shown i n F i g u r e 14. The p o l y g o n 
p a t t e r n i s o u t l i n e d by v e r y s l i g h t 
d e p r e s s i o n s i n w h i c h swamp g r a s s i s 
f o u n d . A r c t i c moss c o v e r s t h e s u r 
f a c e on t h e i n t e r i o r o f t h e p o l y 
gon. L a r g e masses o f g r o u n d i c e 
a r e c o i n c i d e n t w i t h t h e o u t l i n e s . 
The h i l l i n the c e n t e r o f t h e f o r e 
g r o u n d i s a r o c k l a n d form. F i g u r e 
15 i s a g r o u n d v i e w o f a r c t i c t e r 
r a i n on B a f f i n I s l a n d s h o w i n g t h e 
l e v e l s u r f a c e o f a t e r r a c e ( m a r i n e ) 

F i g u r e 14. A r c t i c Land Form Con
t a i n i n g Ground I c e . 

l a n d f o r m i n t h e f o r e g r o u n d and 
bare r o c k i n t h e background. Ground 
i c e has a c c u m u l a t e d i n t h e t e r r a c e 
m a t e r i a l t o f o r m t h e p o l y g o n o u t 
l i n e p a r t i a l l y shown. The b l o c k 
d i a g r a m i n F i g u r e 16 shows t h e r e 
l a t i o n s h i p between t h e s u r f a c e p a t 
t e r n and t h e s u b - s u r f a c e c o n d i t i o n s 

F i g u r e 15. Ground View o f A r c t i c 
T e r r a i n Showing Polygon O u t l i n e 

Formed by Ground I c e . 

Grast -

F i g u r e 16. S e c t i o n o f an O l d 
A l l u v i a l Land Form C o n t a i n i n g 

Ground I c e . 

F i g u r e 17 shows a wedge o f g r o u n d 
i c e m e l t i n g a f t e r t h e s u r f a c e i n 
s u l a t i o n o f moss had been removed. 
The d i s t a n c e f r o m t h e g r o u n d s u r 
f a c e t o t h e t o p o f t h e i c e i s about 
12 i n . The p r o c e s s o f t h a w i n g , as 
s e e n i n F i g u r e 18, p r o d u c e s deep 
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way i n t h e b a c k g r o u n d o f t h e p i c 
t u r e a n d s e c t i o n s o f r o a d w e r e 
s i m i l a r l y " d i s s e c t e d . " F a i l u r e o f 
t h e s i m p l e s t t y p e s o f s t r u c t u r e s 
r e s u l t i n g f r o m t h e t h a w i n g o f 
ground i c e are d i f f i c u l t t o r e p a i r . 
C o n t i n u e d m e l t i n g a t a v a r i a b l e 
r a t e p r o c e e d s o v e r a p e r i o d o f 
s e v e r a l y e a r s . P r o g r e s s i v e f a i l u r e 
r e s u l t s i n t h e deep c a v i n g shown i n 
F i g u r e 20. 

F i g u r e 17. Wedge o f Ground I c e (Ungava Bay, NWT.) 
F i g u r e 19. F o r m a t i o n o f a P olygon 

" t r e n c h " system 

F i g u r e 18. Process o f Thawing 
Produces Deep " c a v e i n " Trenches 

" c a v e i n " t r e n c h e s . Here, t h a w i n g 
a l o n g one arm o f a p o l y g o n exposes 
a c o n n e c t i n g i c e wedge. The s t r i p 
p i n g o f t h e a r e a i n F i g u r e 19 r e 
s u l t e d i n the f o r m a t i o n o f a p o l y g o n 
" t r e n c h " system. There has been no 
e r o s i o n o r l o s s o f s o i l . The r u n -

As a r e s u l t o f s t u d i e s i n t h e 
a r c t i c i t i s p o s s i b l e t o e s t a b l i s h 
a s e r i e s o f l a n d f o r m s i n w h i c h 
p e r m a f r o s t may be e x p e c t e d . Photo-
a n a l y s i s o f t h e s e l a n d forms i n d i 
c a t e s t h e degree o f d e v e l o p m e n t o f 
t h e g r o u n d i c e i n t h e s e , and t h e 
e x a c t l o c a t i o n o f t h e i c e i n some. 
Ground e x a m i n a t i o n o f r e p r e s e n t a t i v e 
l a n d f o r m s o f t h i s g r o u p i n g f r o m 
w e s t e r n A l a s k a t o L a b o r a d o r and 
B a f f i n I s l a n d e s t a b l i s h t h i s s i m i 
l a r i t y . 

The a p p a r e n t a l t e r n a t i v e t o con
s t r u c t i o n on t h e s e l a n d forms i s t o 
seek b e d r o c k l a n d f o r m s . E x p l o r a 
t i o n i n t h e C a n a d i a n S h i e l d a r e a 
r e v e a l s t h a t m a s s i v e and r e s i s t a n t 
r o c k such as g r a n i t e o r q u a r t z i t e 
i s s u s c e p t i b l e t o d i s t o r t i o n by 
p e r m a f r o s t . F i g u r e 21 shows ni a s s i v e 
b l o c k s o f r o c k w e i g h i n g many t o n s 
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may r e s u l t i n d i s a s t e r o u s s e t t l e 
ment. 

F i g u r e 20. P r o g r e s s i v e F a i l u r e 
R e s u l t s i n Deep Caving 

F i g u r e 2 1 . Rock Heaved from O r i g i 
n a l P o s i t i o n by Ground I c e 

t h a t have been heaved by t h e f o r 
m a t i o n o f s u b s u r f a c e i c e . Th« 
h i g h e s t p r o j e c t i o n i s a b o u t 20 f t . 
above t h e o r i g i n a l s u r f a c e . As i * 
o t h e r l a n d forms c o n t a i n i n g g r o u n d 
i c e , o r d i n a r y c o n s t r u c t i o n p r a c t i c e 

ARID REGIONS 

I n d r y a r e a s t h e e x c e s s i v e run
o f f o c c a s s i o n e d by t h e l a c k o f 
v e g e t a t i o n c a r r i e s g r e a t masses o f 
s o i l m a t e r i a l and r o c k d e b r i s f r o m 
t h e m o u n t a i n s l o p e s o u t i n t o t h e low 
v a l l e y a r e a s t y p i c a l o f t h e s e r e 
g i o n s . Recause o f t h e d e t a i l shown 
t h e s e a r e a s a r e o f g r e a t v a l u e i n 
s e l e c t i n g t h e b e s t a v a i l a b l e l o c a 
t i o n f o r e n g i n e e r i n g w o r k s . R a i l 
roads and highways, because o f s o i l 
and w a t e r c o n d i t i o n s a r e g e n e r a l l y 
l o c a t e d on t h e t r a n s i t i o n s l o p e s 
between t h e h i l l s and v a l l e y f l o o r . 
These t r a n s i t i o n s l o p e s g e n e r a l l y 
t a k e t h e f o r m o f a l l u v i a l f a n s o r 
outwash m a t e r i a l . F i g u r e 22 i s an 
o b l i q u e view o f a l a n d form^ o f t h i s 
t y p e , s h o w i n g t h e g e n e r a l shape o f 
t h i s l a n d u n i t formed by t h e depo
s i t i o n o f m a t e r i a l s washed from t h e 
m o u n t a i n v a l l e y . The n u m e r o u s 
c h a n n e l s a r e an i n d i c a t i o n o f t h e 
d i f f i c u l t y i n l o c a t i n g r o a d s 9n 
t h e s e l a n d f o r m s . I n t h i s t r a n s i 
t i o n area t h e s h i f t i n g c h a n n e l s and 
a c c u m u l a t i n g d e b r i s r e q u i r e d e t a i l e d 
p l a n n i n g f o r t h e p r o t e c t i o n o f t h e 
r i g h t - o f - w a y . A e r i a l p h o t o g r a p h s 
p r o v i d e t h e p r e c i s e r e c o r d o f many 
d e t a i l s t h a t a r e n e c e s s a r y f o r p r o 
p e r o r i g i n a l l o c a t i o n and s u b s e 
quent p r o t e c t i o n . 

p i p e l i n e s and a i r p o r t s , as w e l l 
as t h e o t h e r t r a n s p o r t a t i o n l i n e s 
a l s o must t r a n s e c t t h e " R a s i n " areas 
t h a t l i e a t t h e o u t e r f r i n g e o f 
t h e s e f a n s s u c h as t h a t shown i n 
F i g u r e 23. A l k a l i f l a t s a r e f o u n d 
i n t h e a r i d r e g i o n s o f a l l c o u n 
t r i e s . I n a d d i t i o n t o i d e n t i f i c a 
t i o n o f s o i l a r e a s on t h e b a s i s o f 
t e x t u r e , s o i l maps and a e r i a l p h o t o 
graphs can be used t o l o c a t e a l k a l i 
s o i l s , g r o u n d w a t e r seepage zones, 
and a c t i v e channel a r e a s . The w h i t e 
a r e a i n t h e f o r e g r o u n d i s c r u s t e d 
w i t h s a l t s o f p o t a s s i u m , magnesium, 
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(Photo: Spence) 
F i g u r e 22. O b l i q u e View o f an A l l u v i a l Fan 

(Photo: H. E. Nelson) 
F i g u r e 23. A l k a l i F l a t s 

sodium, c a l c i u m and o t h e r compounds. o f s a l t s a r e t o be f o u n d ; t h e same 
These a l k a l i f l a t s ( l a k e - b e d l a n d compounds used i n t h e a c c e l e r a t e d 
f o r m ) a r e r e l a t i v e l y i m p o r t a n t w e a t h e r i n g o r " s o u n d n e s s " t e s t s o f 
s i n c e i n t h e s e , h i g h c o n c e n t r a t i o n s a g g r e g a t e s and c o n c r e t e s . E a r l y 
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d i s i n t e g r a t i o n o f c o n c r e t e and the 
r a p i d c o r r o s i o n o f p i p e l i n e s and 
metal c u l v e r t s are a s s o c i a t e d w i t h 
the a l k a l i s o i l s i n t h i s land form. 
F o r e x a m p l e , t h e U. S. N a t i o n a l 
Bureau of Standards c o r r e l a t i o n ( 7 ) 
shows t h a t 8 - i n . s t e e l p i p e s p l a c e d 
i n s u c h a r e a s can be e x p e c t e d t o 
corrode and leak w i t h i n f i v e y e a r s . 
S i m i l a r l y , muck s o i l s ( a l a n d form 
common i n g l a c i a t e d a r e a s ) can be 
e x p e c t e d t o c o r r o d e p i p e w i t h i n 
seven y e a r s . 

LANDSUDE LAND FXJUMS 
The r i s k o f t h e u n e x p e c t e d i s 

o f t e n a c o n t r i b u t i n g i t e m to h i g h 
c o n s t r u c t i o n c o s t s . T h i s f a c t o r 
a l s o c a r r i e s on i n t o t h e s e r v i c e 
l i f e o f highways and o t h e r e n g i n 
e e r i n g s t r u c t u r e s . While l a n d s l i d e 
o c c u r r a n c e s are but an example of a 
g r e a t many v a r i e t i e s o f r i s k , they 
w e l l i l l u s t r a t e the use o f the land 
form as a b a s i s o f p r o j e c t i n g ex
p e r i e n c e . Here the l a n d form e s 
t a b l i s h e s the p e r m i s s i b l e l i n i t a t 
which e x p e r i e n c e can be p r o j e c t e d 
from one land form to another s i m i 
l a r one. 

I n the c o n s i d e r a t i o n o f l a n d 
s l i d e s , two f a c t s are o u t s t a n d i n g : 

1. T h e r e i s a g r o u p o f l a n d 
f orms ( i d e n t i f i e d by r o c k t y p e ) 
s u c h as c l a y s h a l e , mixed s h a l e , 
s a n d s t o n e a n d / o r l i m e s t o n e , and 
b a s a l t t h a t a r e prone to s l i d i n g 
a l o n g t h e i r u n s u p p o r t e d e d g e s . 
C o n v e r s e l y , a l a r g e number o f l a n d 
forms do not f a i l by s l i d i n g . 

2. L a n d s l i d e s a r e a means by 
w hich n a t u r e a d j u s t s s l o p e s to a 
s t a b l e form. For t h a t r e a s o n i t i s 
t r u e t h a t o l d l a n d s l i d e s may be 
found i n t h e s e l a n d forms. R a r e l y 
w i l l an e ngineer c r e a t e an o r i g i n a l 
l a n d s l i d e i n a g i v e n l a n d form. 
T h e r e f o r e , a l a n d form s h o u l d be 
examined c a r e f u l l y when i t i s one 
o f t h e s u s c e p t i b l e t y p e s . O l d 
s l i d e s w i l l i n d i c a t e the l a n d s l i d e 
t e n d e n c i e s o f the l a n d form; d r a i n 

age c o n d i t i o n s on the u p l a n d w i l l 
i n d i c a t e the p o s s i b l e l o c a t i o n s of 
new s l i d e s . P h o t o - a n a l y s i s i s par
t i c u l a r l y w e l l s u i t e d to t h i s type 
of an i n v e s t i g a t i o n . 

F i g u r e 24, a v e r t i c a l photograph, 
r e c o r d s the p r e d i s p o s i t i o n of the 
above-mentioned m a t e r i a l s to f a i l 
by s l i d i n g . The h i g h w a y ( w h i t e 
l i n e ) i s l o c a t e d on s l o p i n g t e r r a i n . 
Recent, A ( i n d i c a t e d by arrows) and 
o l d , B s l i d e s along the unsupported 
fac e , running d i a g o n a l l y upper l e f t 
to lower r i g h t , show t h a t roads and 
s t r u c t u r e s n ear t h i s f a c e a r e s u s 
c e p t i b l e to d e s t r u c t i o n by s l i d e s . 
Dense f o r e s t cover prevents adequate 
ground r e c o n n a i s s a n c e . The l i g h t 
gray a r e a C which the road e n g i n 
e e r s a t t e m p t e d t o c i r c u m v e n t i s a 
s h a l l o w swamp; i t s u p p e r b o r d e r 
m a r k s t h e a p p r o x i m a t e l i m i t o f 
m a t e r i a l s u s c e p t i b l e to s l i d i n g . 

A s t e r e o p a i r of v e r t i c a l photo
graphs showing numerous l a n d s l i d e 
s c a r s i n a b a s a l t l a n d form a r e 
shown i n F i g u r e 2 5 . E n c i r c l i n g 
arrows i n d i c a t e t h r e e major s l i d e s . 
The outcrops o f b a s a l t i c rock appear 
a a c o n t o u r o u t l i n e s a t lower l e f t 
c e n t e r . Where s u r f a c e s t r e a m s 
p a r a l l e l the b o r d er o f t h e s e l a n d 
forms, s l i d i n g i s imminent. 

SUMUARY 
A study of th« e n g i n e e r i n g h i s 

t o r y o f a l a n d form would i n c l u d e 
the i n v e s t i g a t i o n of d e s i g n methods 
and c o n s t r u c t i o n p r o c e d u r e s . Such 
an i n v e s t i g a t i o n would i n e v i t a b l y 
show t h a t w i t h i n t h a t l a n d form, 
the p r o c e s s of t r i a l and e r r o r , as 
w e l l a s i n t e l l i g e n t e n g i n e e r i n g 
planning, had e t o l v e d c e r t a i n p r a c 
t i c e s t h a t a r e the b e s t f o r t h o s e 
p a r t i c u l a r c o n d i t i o n s . Those par
t i c u l a r c o n d i t i o n s a r e c h a r a c t e r 
i s t i c s of the land form under study 
c o n d i t i o n s o f t o p o g r a p h y , s o i l , 
water, and bedrock. 

S i n c e t h e r e a r e a s m a l l number 
of land form types and a g r e a t num-
b e r o f e a c h t y p e , t h e y assume a 
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F i g u r e 24. P r e d i s p o s i t i o n o f M a t e r i a l s To F a i l by S l i d i n g Shown 
by Old S l i d e s 

(photo: US A i r Force) 
F i g u r e 25. L a n d s l i d e Scars i n a B a s a l t Land Form 
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s i g n i f i c a n c e to e n g i n e e r s , f o r they 
r e p r e s e n t a r e p e a t i n g s i t u a t i o n , a 
b a s i s f o r s c i e n t i f i c s t a n d a r d i z a 
t i o n , a means to economy i n men and 
Doney. 
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DISCUSSION 
PROFESSOR D. P. KRYNINE, Yale Uni
versity The l a s t q u a r t e r of a cen
t u r y has been c h a r a c t e r i z e d by the 
growing i n t e r e s t of the e n g i n e e r i n g 
p r o f e s s i o n i n s o i l m e c h a n i c s and 
geology. P a r t i c u l a r l y , the highway 
e n g i n e e r s a r e i n f l u e n c e d i n a l l 
phases of t h e i r a c t i v i t i e s by s o i l 
p e r f o r m a n c e and l o c a l g e o l o g i c a l 
f e a t u r e s . S o i l mechanics, a branch 
of e n g i n e e r i n g knowledge c r e a t e d by 
e n g i n e e r s , r a p i d l y f ound common 
language w i t h i t s u s e r s . Geology, 
however, i s not i n the same s i t u a 
t i o n ; and e n g i n e e r s a r e o f t e n l o s t 
i n the mass of g e o l o g i c a l informa
t i o n a v a i l a b l e . I t seems to the 
w r i t e r t h a t a r t i c l e s and books on 
g e o l o g y f o r e n g i n e e r s s h o u l d be 
w r i t t e n w i t h a t w o - f o l d p u r p o s e : 
a) t o a c q u a i n t t h e e n g i n e e r w i t h 
the g e o l o g i c a l problems t h a t he has 
to f a c e and to h e l p him understand 
and overcome the o r d i n a r y and rou
t i n e g e o l o g i c a l d i f f i c u l t i e s t h a t 
he meets i n h i s e v e r y d a y p r a c t i c e 
and b) to i n d i c a t e to him the major 
d i f f i c u l t i e s when he may have t o 
c a l l a g e o l o g i s t f o r c o n s u l t a t i o n 
and t o make i t p o s s i b l e f o r him i n 
such a c a s e t o i n t e r p r e t and apply 
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g e o l o g i c a l recommendations s u c c e s s 
f u l l y . P r o f e s s o r B e l c h e r ' s paper 
i s a f o r t u n a t e and p r o per s t e p i n 
t h i s d i r e c t i o n . The t i t l e o f the 
paper r i g h t l y i n d i c a t e s to both the 
e n g i n e e r and the g e o l o g i s t what i s 
important i n a p p l i c a t i o n s of geolo

gy to e n g i n e e r i n g - " t h e e n g i n e e r i n g 
s i g n i f i c a n c e " of g e o l o g i c f e a t u r e s . 
Without e n t e r i n g i n t o d e t a i l s , the 
w r i t e r w i s h e s t o c a l l a t t e n t i o n of 
the highway e n g i n e e r s to t h i s i n 
t e r e s t i n g and important paper. 
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AN AIRPHOTO STUDY OF THE TRIASSIC AREA 

IN ALBEMARLE COUNTY, VIRGINIA 

p . L . MELVILLE 
A s s o c i a t e Research Engineer 

Virginia Department of Highways 

SYNOPSIS 

l l i i s paper i s concerned w i t h an airphoto study of deposits of T r i a s s i o age 
i n V i r g i n i a . The area investigated i s located at the southern part of Albenarle 
County. The purpose of t h i s i n v e s t i g a t i o n i s to determine the usefulness o f 
airphotos i n c o r r e l a t i n g e x i s t i n g s o i l s w i t h highway problems. 

The problems involved i n cona«ction w i t h the occurrence of T r i a s s i c forma
tio n s are raanyfold. Successful highway construction has to be s p e c i a l l y adapted 
to the d i f f e r e n t physiography and has to take i n t o account unusual pedological 
features. 

Though the V i r g i n i a Department of Highways has been using airphotos f o r 
l o c a t i o n work, t h i s study has brought new l i g h t on the topography and valuable 
data on s o i l s . I n the past, geological and agricnltnro-pedologieal publications 
were the only sources of i n f o r m a t i o n and they were found more than once t o be 
c o n f l i c t i n g . The airphoto pattern furnished e a s i l y a more r e l i a b l e boundary f o r 
the l ^ i a s s i c basin and a p o s s i b i l i t y to d i f f e r e n t i a t e the s o i l s i n the basin as 
a function of t h e i r parent materials: sandstones and shales. Iliey are often i n -
terbedded and intermixed so that i d e n t i f i c a t i o n on the ground i s not always pos
s i b l e . Hie airphoto pattern shows c l e a r l y the main outcrops since the sandstone 
w i l l weather i n t o a a o i l which, even i f p l a s t i c , i s less f i n e - g r a i n e d , hence 
somewhat better drained than the s o i l derived from shale /9 , l i t e shales and sand
stones weather at about the same rate. The topography r a r e l y contains series of 
p a r a l l e l ridgea usually formed by t i l t e d beds of sandstone and shale, but shows 
the low gradients and f l a t slopes associated w i t h fine-grained s o i l s . Hie drain
age has not u s u a l l y the t y p i c a l t r e l l i s p a t t e r n . The land i s f e r t i l e and used 
in t e n s i v e l y and extensively for farming. A remarkable agronomic landmark i a the 
cedar t r e e : i t u s u a l l y occurs i n rows of small trees and i t s evergreen, dense 
foliage 1 8 e a s i l y recognizable e i t h e r on a ground or an a e r i a l survey. 

A road performance survey was made i n connection with the i n v e s t i g a t i o n . 
Important d i f f e r e n c e s were observed though lack of o r i g i n a l f i e l d data was a 
handicap. Paved roads required more maintenance i n the zone of T n a s s i c s o i l s : 
others had to be s t a b i l i z e d f i r s t across the T r i a s s i c zone to make then year-
round passable, and wherever the t r a f f i c became heavier, i t was again i n the 
T r i a s s i c zone t h a t they had to be r e i n f o r c e d f i r a t . A cost survey covering a 
nine-year period showed that the average maintenance cost of unpaved roads was 
higher i n the T r i a s s i c basin than f o r equivalent routes i n the surrounding Pre-
Cambrian area. 

This study confirms the importance of a thorough knowledge of the T r i a s s i c 
basins for highway engineering and the airphoto survey as used for t h i s i n v e s t i 
gation has remarkable p o s s i b i l i t i e s f o r f u r t h e r i n g that knowledge. This impro
ved or new knowledge and r e s u l t i n g techniques were rather e a s i l y obtained and 
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proved to be r e l i a b l e . I t i s hoped to extend t h i s method of study to other 
s i m i l a r areas and to use airphoto engineering i n v e s t i g a t i o n s of s o i l s as one 
more to o l for better roads. 

S o i l mapping and i n v e s t i g a t i o n 
have made some remarkable p r o g r e s s 
i n r e c e n t y e a r s , t h a n k s to a new 
t o o l which was d e v e l o p e d by some 
d i s t i n g u i s h e d e n g i n e e r s . Most 
C i v i l E n g i n e e r s are f a m i l i a r by now 
w i t h the a s t o u n d i n g p o s s i b i l i t i e s 
of a e r i a l photography. I t i s p r a c 
t i c a l l y a p a s s c a r d to the r e a l m s 
o f topography, d r a i n a g e , pedology; 
geology, agronomy, and ecology. ( J ) l 

The a i r p h o t o i s f o r the highway 
e n g i n e e r an a c c u r a t e r e c o r d of the 
p h y s i c a l f e a t u r e s o f the e a r t h ' s 
s u r f a c e . I t i s up to him to i n t e r 
p r e t them and o b t a i n from them the 
w e a l t h of u s e f u l and p r a c t i c a l i n 
formation they c o n t a i n . 

T h e i r v a l u e when a p p l i e d to s o i l 
s u r v e y i n g i s now a w e l l e s t a b l i s h e d 
f a c t . Our k n o w l e d g e o f a e r i a l 
photography f o r such use i s b e i n g 
a l l the time enhanced by the work 
o f c i v i l e n g i n e e r s c o n n e c t e d w i t h 
v a r i o u s highway departments, u n i 
v e r s i t i e s , the P u b l i c Roads Admini
s t r a t i o n , t h e C i v i l A e r o n a u t i c s 
A d m i n i s t r a t i o n ( i O ) , and t h e US 
G e o l o g i c a l Survey. For a number of 
y e a r s the Highway R e s e a r c h B o a r d 
Proceedings have f e a t u r e d papers on 
a e r i a l photography ( 6 ) . The study 
o f s o i l p a t t e r n s has r e c e i v e d spe
c i a l a t t e n t i o n a t the J o i n t Highway 
R e s e a r c h P r o j e c t of Purdue U n i v e r 
s i t y under the l e a d e r s h i p o f Pro
f e s s o r Donald J . B e l c h e r ( 2 ) , now 
o f C o r n e l l U n i v e r s i t y , R o b e r t E, 
F r o s t , and o t h e r s (7, 8, 9). 

The aim of t h i s study i s to ap
p l y the p r i n c i p l e s and known ad
vantages of mapping s o i l s from a i r -
photos to a p a r t i c u l a r type area of 
V i r g i n i a . T r i a s s i c f o r m a t i o n s oc
c u r a t d i f f e r e n t l o c a t i o n s i n the 
Commonwealth ( s e e F i g u r e i ) and i t 
^ Numbers i n parentheses refer to b i b l i o 
graphy at the end of t h i s paper. 

i s b e l i e v e d t h a t a e r i a l photography 
can f a c i l i t a t e the work of the high
way e n g i n e e r . The T r i a s s i c zones 
always c o n t r a s t very much with t h e i r 
surroundings i n geology, topography, 
pedology, d r a i n a g e , agronomy, eco
logy, and e s p e c i a l l y as f a r as high
way e n g i n e e r i n g i s concerned. 

One t r i p through a T r i a s s i c b a s i n 
i n V i r g i n i a w i l l be enough to con
v i n c e anyone, e n g i n e e r or not, o f 
the unusual n a t u r e of the problems 
i n v o l v e d . Upon c r o s s i n g the boun
dary i n t o a T r i a s s i c b a s i n one has 
t h e i m p r e s s i o n he i s e n t e r i n g a 
d i f f e r e n t l a nd. I t i s indeed s t r i k 
i n g to w i t n e s s the e f f e c t of s o i l s 
on men as i l l u s t r a t e d by t h a t d i f 
f e r e n c e . For the highway e n g i n e e r 
t h i s w i l l mean s p e c i a l d e s i g n s , l o 
c a t i o n s , c o n s t r u c t i o n and mainte
nance problems. The main c o n t r a s t s 
w i l l be d e r i v e d from the nature and 
p r o p e r t i e s o f the s o i l s . F o r i n 
s t a n c e , anyone who has been through 
a T r i a s s i c b a s i n a t the time of the 
s p r i n g break-up or even o n l y a f t e r 
a r a i n c a n n o t h e l p n o t i c i n g t h e 
s l i c k deep r e d mud. T h i s i s j u s t 
one token reminder of the g r e a t im
p o r t a n c e of the e n g i n e e r i n g prob
lems i n v o l v e d . 

Thus, i t i s a remarkable oppor
t u n i t y to s t u d y the p o s s i b i l i t i e s 
of a e r i a l ^ p h o t o g r a p h y as a p p l i e d to 
t h e s t u d y o f the T r i a s s i c a r e a s . 
The S c o t t s v i l l e a r e a was s e l e c t e d 
a s an e x a m p l e : i t i s one o f t h e 
s m a l l e s t T r i a s s i c o u t c r o p s i n the 
S t a t e . Only the l a r g e r p a r t o f i t 
which l i e s i n Albemarle County was 
c o n s i i l e r e d f o r t h i s p a p e r s i n c e 
t h i s study, i n t e n d e d to be f o r the 
time b e i n g more i n t e n s i v e than ex
t e n s i v e , can l a t e r be e x tended i f 
proved s u c c e s s f u l . The r e m a i n i n g 
o f the S c o t t s v i l l e T r i a s s i c B a s i n 
l i e s i n Buckingham and Nelson Coun
t i e s . An a t t e m p t e s p e c i a l l y was 
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made a t c o r r e l a t i n g t h e g e o l o g y 
( m a i n l y as r e p o r t e d by t h e V i r g i n i a 
G e o l o g i c a l S u r v e y ) , t h e p e d o l o g y 
( m a i n l y as r e p o r t e d by t h e US De
p a r t m e n t o f A g r i c u l t u r e ) , t h e a i r 
p h o t o s o i l s u r v e y , and highway p e r 
formance. 

The a r e a i s about 80 m i . west o f 
R i c h m o n d . I t i s p a r t o f a l o n g 
b e l t o f s u c h f o r m a t i o n s e x t e n d i n g 
f r o m n o r t h e r n M a s s a c h u s e t t s t h r o u g h 
n o r t h e r n S o u t h C a r o l i n a . T h e 
S c o t t s v i l l e a r e a i s a b o u t 20 m i . 
l o n g a n d has a maximum w i d t h o f 
some f o u r m i . I t s t o t a l a r e a i s 
a b o u t 35 s q . m i . l y i n g i n t h r e e 
c o u n t i e s . As s t a t e d p r e v i o u s l y , 
t h e p r o j e c t was t e m p o r a r i l y r e 
s t r i c t e d f o r p r a c t i c a l p u r p o s e s t o 
A l b e m a r l e County w i t h a square m i l e 
age o f a b o u t 25. Any f u r t h e r r e 
f e r e n c e i n t h i s paper t o t h e S c o t t s 
v i l l e area s h o u l d t h u s be c o n s t r u e d 
as b e i n g o n l y t h e p a r t o f i t i n 
A l b e m a r l e County. 

I t i s w e s t o f t h e F a l l l i n e 
w i t h i n t h e p h y s i o g r a p h i c p r o v i n c e 
c o m m o n l y k n o w n as t h e P i e d m o n t 
P l a t e a u , c l o s e t o t h e B l u e R i d g e . 
The e l e v a t i o n ranges fro m about 400 
t o 500 f t . a bove sea l e v e l . The 
d r a i n a g e i s f a i r l y s i m p l e i n p a t 
t e r n and t h e s t r e a m s f l o w i n t o t h e 
James R i v e r w h i c h bounds t h e a r e a 
t o t h e s o u t h e a s t . The t o p o g r a p h y 
i s g e n t l e w i t h f l a t l a n d and r o l l i n g 
h i l l s as i l l u s t r a t e d by F i g u r e s 2 
and 3. ( i l ) 

From an a g r o n o m i c a l p o i n t o f view 
t h e a r e a i s q u i t e i m p o r t a n t . The 
a g r i c u l t u r e c o n s i s t s m o s t l y o f t h e 
p r o d u c t i o n o f c o r n , h a y , o a t s , 
w h e a t , a p p l e s , d a i r y p r o d u c t s , and 
l i v e s t o c k . Some l a r g e f a r m s and 
b e a u t i f u l s t a b l e s may be f o u n d 
t h e r e ( s e e F i g u r e s 4 and 5 ) . Ex
c e p t f o r p l a c e s o f r o u g h e r t o p o 
g r a p h y o r where t h e b e d r o c k i s a t 
o r n e a r t h e s u r f a c e , t h e a r e a may 
be b r o a d l y d e s c r i b e d as one o f r i c h 
f a r m l a n d . The n a t u r a l v e g e t a t i o n 
i s c o m p r i s e d m o s t l y o f oaks, h i c k 

o r y , p e r simmon, p o p l a r , some p i n e 
a n d t h e T r i a s s i c l a n d m a r k : t h e 
c e d a r . The o c c u r r e n c e o f c e d a r 
t r e e s i n c o n n e c t i o n w i t h T r i a s s i c 
f o r m a t i o n s i s a l w a y s s t r i k i n g (see 
F i g u r e 6 ) . O n l y two p r i m a r y h i g h -

F i g u r e 2 A l b e m a r l e C o u n t y - S c o t t s -
v i l l e Area Change i n p h y s i o g r a p h y 

a t t h e f a u l t l i n e : t h e p i c t u r e was 
t a k e n on s o i l d e r i v e d from Pre-

Cambrian p a r e n t m a t e r i a l l o o k i n g 
toward t h e T r i a s s i c B a s i n ( R t . 6 ) . 
ways c r o s s t h e a r e a : Route 6 f r o m 
S c o t t s v i l l e w e s t w a r d and Route 20 
f r o m t h e same town t o C h a r l o t t e s 
v i l l e . The S t a t e Highway Department 
a l s o m a i n t a i n s a n e t w o r k o f secon
d a r y r o a d s . 

The c l i m a t e i s f a i r l y m i l d w i t h 
a mean a n n u a l p r e c i p i t a t i o n o f 
44.6 i n . e v e n l y d i s t r i b u t e d t h r o u g h 
o u t t h e y e a r . The a v e r a g e a n n u a l 
s n o w f a l l i s 19.4 i n . The mean tem
p e r a t u r e s a t C h a r 1 o t t s v i 1 1 e , t h e 
c o u n t y s e a t , a r e : w i n t e r 37.5 F; 
s p r i n g 5 6 . 0 F; summer 7 4 . 6 F; 
f a l l 58.7 F ( 5 ) . 
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GEOLOGICAL STUDY 
I t i s t o be n o t e d t h a t f r o m a, 

g e o l o g i c a l p o i n t o f view t h e T r i a s s i c 
p e r i o d i s one o f t h e most i n t e r e s t 
i n g . I t i s p a r t o f what i s known 
as t h e M e s o z o i c e r a . T hough t h e 
word M e s o z o i c means m e d i e v a l l i f e , 
i t i s n o t t o be c o n c l u d e d t h a t i t 
i s h a l f w a y i n t h e p a s t g e o l o g i c a l 
t i m e . J u s t as i t i s t h e case f o r 
m e d i e v a l t i m e s i n h i s t o r y , t h e r e i s 
much more e l a s p e d t i i r e b e f o r e t h a n 
a f t e r , b u t t h i s m e d i e v a l t i m e i s 
t h e t u r n i n g p o i n t t o what we m i g h t 
c a l l " m o d e r n " t i m e s -

F i g u r e 3 A l b e m a r l e C o u n t y - S c o t t s -
v i l l e Area R t . 723 W h i t e paper 

on r o a d i s a t f a u l t l i n e between 
Pre-Cambrian and T r i a s s i c f o r 

m a t i o n s ( c a r i s on T r i a s s i c s o i l ) 
The T r i a s s i c p e r i o d may be r e 

membered as t h e t i m e o f t h e r e p 
t i l e s . I t i s t h e t i m e when some 
o f t h e s e huge a n i m a l s were r u l i n g 
o u r w o r l d . One has seen i n many a 
museum t h e r e c o n s t r u c t e d s k e l e t o n 
o f a d i n o s a u r o r b r o n t o s a u r u s . For 
any n e o p h y t e i n g e o l o g y who i s more 
i n t e r e s t e d i n s t o n e s f o r h i g h w a y 
a g g r e g a t e s , a l l t h e s e bones a r e ex
t r e m e l y i m p r e s s i v e b u t do n o t mean 
t o o much. Yet t o complete t h e p i c 
t u r e one s h o u l d r e c a l l t h a t t h o s e 
r e p t i l e s sometimes weighed as much 
as two l a r g e s i z e s t r e e t c a r s , t h a t 
t h e y d o m i n a t e d n o t o n l y t h e l a n d 
b u t a l s o t h e seas and t h e a i r and 

i t i s o n l y w i t h t h e p r o g r e s s i v e d i s 
a p p e a r a n c e o f t h e i r r u l e i n t h e 
a n i m a l w o r l d o v e r a p e r i o d o f many 
t h o u s a n d s o f y e a r s t h a t t h e f i r s t 
mammals and t h e n t h e f i r s t b i r d s 
e v o l v e d . 

The word T r i a s s i c was f i r s t used 
i n Germany a b o u t a c e n t u r y ago t o 
d e s c r i b e a t h r e e - f o l d sequence o f 
r o c k . The t h r e e - f o l d d e s c r i p t i o n 
i s n o t a p p l i c a b l e t o t h i s c o u n t r y 
a n d t h e p a r t o f t h i s g e o l o g i c a l 
p e r i o d i n w h i c h we a r e i n t e r e s t e d 
may be more p r o p e r l y d e s c r i b e d as 
r e p r e s e n t e d by t h e Newark s e r i e s i n 
t h e l a t t e r h a l f o f t h e T r i a s s i c 
t i m e . An a r i d or s e m i - a r i d c l i m a t e 
seems t o have been most common a t 
t h a t t i m e a n d no i n d i c a t i o n o f 

F i g u r e 4 A l b e m a r l e County-'Scotts-
v i l l e Area T y p i c a l Pre-Cambrian 
Landscape w i t h farm ( R t . 712) 

g l a c i a t i o n h a s a p p a r e n t l y b e e n 
f o u n d i n T r i a s s i c f o r m a t i o n s ( i 2 ) . 

One o f t h e most s t r i k i n g f e a t u r e s 
o f t h e Newark s e r i e s i s t h e p r e 
d o m i n a n t l y r e d c o l o r o f t h e s e d i 
m e n t s . I t has been v a r i o u s l y des
c r i b e d as deep r e d , c h o c o l a t e brown, 
r e d brown, o r ' I n d i a n r e d , " and t h e 
c o l o r i s a l i m i t e d , y e t r e m a r k a b l e , 
" r u l e o f thumb" i n i d e n t i f y i n g T r i 
a s s i c f o r m a t i o n s . I t i s n o t an ab
s o l u t e r u l e s i n c e t h e r e a r e " r e d 
b e d s " o f o t h e r a g e s , a n d as one 
f o l l o w s t h e N e w a r k b a s i n s i n a 
s o u t h e r l y d i r e c t i o n , more and more 
o f t h e s e d i m e n t s a r e g r e e n i s h g r a y 
i n s t e a d o f t h e t y p i c a l r e d . T h i s 
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i s due a p p a r e n t l y t o t h e i r meso-. 
p h y t i c o r i g i n . 

Fro i r i a s t r a t i g r a p h i c p o i n t o f -
v i e w t h e S c o t t s v i l l e T r i a s s i c b a s i n 
i s a l m o s t e x c l u s i v e l y composed o f 
s e d i m e n t a r y r o c k s ( s e e F i g u r e 7 ) . 
They may be s u b d i v i d e d i n t o t h r e e 
g r o u p s : c o n g l o m e r a t e s , s a n d s t o n e s , 
and s h a l e s . The c o n g l o m e r a t e f o u n d 
i n t h e S c o t t s v i l l e zone i s q u i t e 
p r o b a b l y known as a " t r a p " b o r d e r 
c o n g l o m e r a t e i n v i e w o f t h e l a r g e 
number o f " t r a p " o r diafcase p e b b l e s 
i n t h e r o c k . I t has been used v e r y 
w i d e l y as a r o a d m e t a l a n d t h e 
Commonwealth i s commonly q u a r r y i n g 
i t i n n o r t h e r n V i r g i n i a . I t i s a 
h eavy s t o n e and w i l l w e a t h e r v e r y 
s l o w l y , t h e m a t r i x and t h e p e b b l e s 
w e a t h e r i n g u s u a l l y a t a b o u t t h e 
same r a t e . 

The b o r d e r c o n g l o m e r a t e a l o n g 
t h e f a u l t l i n e f o r m i n g t h e w e s t e r n 
b o u n d a r y o f t h e b a s i n i s t h e o n l y 
f o r m a t i o n t h a t i s n o t i n t e r m i n g l e d 
w i t h o t h e r s : a t no p l a c e can one 
l o c a t e s h a l e - o r s a n d s t o n e - ex
c l u s i v e l y s i n c e t h e y a r e u s u a l l y 
i n t e r b e d d e d . B u t t h e r e i s s u f f i 
c i e n t p r e d o m i n a n c e o f one o r t h e 
o t h e r t o p e r m i t t h e d e s c r i p t i o n o f 
any g i v e n a r e a as one u n d e r l a i n by 
s h a l e o r by s a n d s t o n e as t h e c a s e 
may be. 

The f o r m a t i o n s w h i c h u s u a l l y 

F i g u r e 5 A l b e m a r l e C o u n t y - S c o t t s -
v i l l e Area T y p i c a l T r i a s s i c 
l a n d s c a p e w i t h s e c o n d a r y r o a d 

l e a d i n g t o f a r m ( R t . 712) 

g r a d e t o w a r d t h e c e n t e r o f t h e 
b a s i n f r o m b o r d e r c o n g l o m e r a t e t o 
s andstone and t u r n i n t o s t i l l f i n e r 
s e d i m e n t s o f t h e s h a l e g r o u p a r e 
a p p a r e n t l y r e v e r s e d i n t h e a r e a un
der s t u d y s i n c e as a r e s u l t o f some 
g e o l o g i c a l phenomena, t h e s h a l e s 
l i e a t t h e w e s t e r n and e a s t e r n s i d e s 
o f t h e b e l t o f s a n d s t o n e s . 

T h i s i s e s p e c i a l l y n o t i c e a b l e 
f o r t h e main o u t c r o p s and an e a s t -
w e s t s e c t i o n g o i n g t h r o u g h S c o t t s 
v i l l e w o u l d show a f t e r t h e Pre-Cam-
b r i a n f o r m a t i o n s : s h a l e f o r a b o u t 
one m i . , s a n d s t o n e f o r a b o u t one 
m i . , s h a l e f o r a b o u t two m i . , b o r 
d e r c o n g l o m e r a t e f o r a few h u n d r e d 
f e e t t o - t h e f a u l t l i n e . As shown 
i n F i g u r e 8 t h i s i s a l s o t h e case 
a t o t h e r l o c a t i o n s where t h e beds 
a r e s m a l l e r i n e x t e n t and n o t as 
c l e a r l y d i f f e r e n t i a t e d . 

The s a n d s t o n e m a i n o u t c r o p i s 
t h u s a n a r r o w n o r t h - s o u t h b e l t o f 
Manassas s a n d s t o n e as i t was i d e n 
t i f i e d a t t h e t i m e o f t h e War Be
tween t h e S t a t e s . I t does n o t usu
a l l y w i t h s t a n d w e a t h e r i n g t o o w e l l , 
f u r n i s h i n g a f a i r l y sandy s o i l as 
soon as t h e i r o n o x i d e cement has 
s u f f i c i e n t l y weakened. The s h a l e 
w h i c h l i e s , t o t h e e a s t and west o f 
t h e s a n d s t o n e i s commonly known as 
B u l l Run s h a l e ( i i ) . 

A l o n g s i d e t h e s t r e a m s and espe
c i a l l y i n t h e James R i v e r V a l l e y 
can be f o u n d some d e p o s i t s o f r e c e n t 
a l l u v i u m s . 

From a s t r u c t u r a l p o i n t o f v i e w 
one s h o u l d n o t e t h a t t h e beds d i p 
west and t h e e x i s t e n c e o f a s e r i e s 
o f f a u l t s e s p e c i a l l y a l o n g t h e wes
t e r n end o f t h e area and o f s e v e r a l 
d i k e s . The d i k e s a r e o f d i a b a s e 
and o n l y one b e i n g a c t u a l l y i n t h e 
a r e a u n d e r s t u d y , t h e i g n e o u s f o r 
m a t i o n s may be o v e r l o o k e d as f a r as 
t h i s paper i s concerned. 

The s u r r o u n d i n g f o r m a t i o n s a r e 
a l l o f Pre-Cambrian or Cambrian age 
w i t h t h e e x c e p t i o n o f some d e p o s i t s 
o f O r d o v i c i a n l i m e s t o n e . The o l d e r 
d e p o s i t s a r e e x t r e m e l y metamorphosed 
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( s c h i s t s , g n e i s s e s , p h y l l i t e s , 
s l a t e s , and s o a p s t o n e s ) . 

PEDOLOGICAL STUDY 
As i t may b e e x p e c t e d f r o m a 

Study o f t h e p a r e n t m a t e r i a l s , t h e 
s o i l s o f t h e a r e a w i l l h a v e one 
common v i s i b l e t r a i t : t h e r e d t o 
brown c o l o r . Two m a i n t y p e s a r e 
r e c o g n i z e d by t h e US D e p a r t m e n t o f 
A g r i c u l t u r e and i d e n t i f i e d as t h e 
Bucks and t h e Penn s o i l s ( s e e F i g 
u r e 9 ) . 

The Bucks s o i l s a r e d e r i v e d f r o n 
t h e p u r p l e o r I n d i a n r e d t o br o w n 
s a n d s t o n e s and s h a l e s . I t i s a 
good a g r i c u l t u r a l s o i l w i t h f a i r 
d r a i n a g e . The Penn s o i l s a r e more 

s h a l l o w and a r e u s u a l l y b e t t e r 
d r a i n e d t h a n t h e Bucks s o i l s . B o t h 
w i l l v a r y i n p r o p e r t i e s w h e n e v e r 
l a r g e r beds o f s h a l e s o c c u r . The 
Bucks s o i l i s m o r e f a v o r a b l e t o 
c u l t i v a t i o n and t h i s e x p l a i n s why 
th e Penn s o i l a reas are s t i l l heav
i l y f o r e s t e d . 

B e sides t h e two main s o i l s e r i e s 
t h r e e m i n o r ones have been i d e n t i 
f i e d . The G r a n v i l l e s o i l i s f a i r l y 
sandy and i s u s u a l l y d e r i v e d f r o m 
t h e s a n d s t o n e s and has good n a t u r a l 
d r a i n a g e . The L a n d s d a l e s o i l i s 
h e a v i e r i n t e x t u r e and i s d e r i v e d 
f r o m s a n d s t o n e s a n d s h a l e s . The 
s m a l l o c c u r r e n c e s o f igneous r o c k s , 
as p r e v i o u s l y n o t e d , as d i a b a s e 
d i k e s r e s u l t i n s o i l o f t h e I r e d e l l 
s e r i e s , which i s q u i t e p r o p e r l y 
nicknamed the " b l a c k j a c k " s o i l . I t 
has a poor d r a i n a g e . 

The s u r r o u n d i n g P r e - C a m b r i a n 
area c o n t a i n s s o i l s d e r i v e d f r o m 
the o l d e r r o c k s . The m a i n s e r i e s 
a r e : D a v i d s o n , Congaree, A l t a v i s t a , 
Nason, Wickham, O r a n g e , Y o r k , and 
Tatum ( 5 ) . 

F i g u r e 6 A l b e m a r l e C o u n t y - S c o t t s -
v i l l e Area A T r i a s s i c landmark, 

t h e cedar t r e e ( R t . 626) 
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I f one compares t h e g e o l o g i c a l 
t o the p e d o l o g i c a l map i t i s o b v i 
ous t h a t they d i f f e r to a l a r g e ex
t e n t as f a r a s t y p e s o f f o r m a t i o n 
and .boundaries a r e c o n c e r n e d . Of 
course one cannot expect them to be 

a s e r i e s o f f a u l t s . Those f a u l t s 
may have been l o c a t e d more e x a c t l y 
a s f a r a s t h e s t r u c t u r e , t h a n as 
f a r a s t h e s t r a t i g r a p h y o f t h e 
b a s i n i s c o n c e r n e d . The e a s t e r n 
b o u n d a r i e s c o i n c i d e q u i t e s a t i s 
f a c t o r i l y . 

W 
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F i g u r e 8 C r o s s S e c t i o n Of T r i a s s i c Through H o w a r d s v i l l e , 
Albemarle County 

i d e n t i c a l s i n c e the g e o l o g i s t w i l l AIHPHOTO SITJDY 
b a s e h i s o b s e r v a t i o n on rock o u t 
c r o p s and s t r u c t u r a l f o r m a t i o n . F i g u r e 10 shows an u n c o r r e c t e d 
w h i l e the p e d o l o g i s t w i l l be more a i r p h o t o m o s a i c o f t h e a r e a , and 
i n t e r e s t e d i n what the s o i l i s r e - F i g u r e s 11, 12, and 13 are c l o s e - u p 
g a r d l e s s o f where i t comes from, v i e w s o f the t h r e e main p a t t e r n s 
The g e o l o g i s t g i v e s l e s s e x t e n t to t h a t "ay he o b s e r v e d . The f i r s t 
the S c o t t s v i l l e T r i a s s i c a r e a and on* shows the rugged topography r e -
e s p e c i a l l y he p l a c e s t h e w e s t e r n s u i t i n g f r o m t h e P r e - C a m b r i a n 
and s t i l l more the n o r t h e r n boun- g n e i s s e s and s c h i s t s . I n o p p o s i -
d a r i e s s e v e r a l m i l e s i n s i d e where t i o n the two o t h e r s show long, low 
t h e US D e p a r t m e n t o f A g r i c u l t u r e u n i f o r m g r a d e s and smooth s l o p e s , 
has l o c a t e d them. T h i s may be ex- The l a t t e r p a t t e r n s are q u i t e t y p i -
p l a i n e d by two f a c t s . F i r s t i s the c a l o f p l a s t i c f i n e - g r a i n e d s o i l s 
" f l o w " o f weathered m a t e r i a l s , w i t h - ( 1 0 ) . 
i n a c e r t a i n range, away from the T i l t e d s h a l e s and s a n d s t o n e s 
rock parent m a t e r i a l , and second i s u s u a l l y r e s u l t i n f a i r l y rugged r e -
t h e f a c t t h a t t h e n o r t h e r n and l i e f . Y e t s i n c e the a n g l e o f d i p 
w e s t e r n b o u n d a r i e s a r e , as f a r as ( w e s t d i p i n t h i s c a s e ) i s s m a l l 
the g e o l o g i s t i s concerned, made by and the i n t e r b e d d i n g extremely pro-
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F i g u r e 9 
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F i g u r e 10 

nounced, t h e 1andform i s n o t s t r o n g - t h a t t h e s a n d s t o n e s and the s h a l e s 
l y d e v e l o p e d . The p a t t e r n o f par a - h a v e w e a t h e r e d a t a b o u t t h e same 
l l e l i s m t h a t one w o u l d e x p e c t f r o m r a t e .and t h a t ( w i t h one o u t s t a n d i n g 
t h e a l t e r n a n c e o f s t r a t a i s h a r d l y e x c e p t i o n w h i c h w i l l be s t u d i e d i n 
e x i s t e n t . T h i s i s due t o t h e f a c t d e t a i l ) t h e y a r e u s u a l l y c l o s e l y 
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i n t e r b e d d e d and i n t e r m i x e d . I t i s 
o n l y a t a few p l a c e s (due n o r t h o f 
S c o t t s v i l l e , f o r i n s t a n c e ) t h a t a 
s e r i e s o f r i d g e s may be o b s e r v e d . 
The s t r i k e i s a l m o s t due n o r t h and 
t h e s h o r t d e p r e s s i o n s i n b e t w e e n 
are f i l l e d w i t h a l l u v i u m s , o f t e n o f 
Pre-Cambrian o r i g i n . A more d e f i 
n i t e l a n d f o r m due t o d i f f e r e n t weath
e r i n g may be a t t r i b u t e d t o t h e 
b o r d e r c o n g l o m e r a t e a l o n g t h e f a u l t 
l i n e . But i t i s so s m a l l i n e x t e n t 
t h a t i t i s n o t s i g n i f i c a n t f o r h i g h 
way s o i l e n g i n e e r i n g . 

shows some e x t r e m e l y i n t e r e s t i n g 
f e a t u r e s . The s o i l b o u n d a r i e s were 
e s t a b l i s h e d a f t e r a c a r e f u l and 
c l o s e s t u d y o f s o i l p a t t e r n s , d r a i n 
age and l a n d f o r m . 

The l i m i t s o f t h e T r i a s s i c Ba
s i n w h i c h were t h u s d e t e r m i n e d co
i n c i d e c l o s e l y w i t h t h o s e o f f e r e d 
i n t h e p e d o l o g i c a l s t u d y (see PEDO
LOGICAL STUDY). One s h o u l d remem
ber t h a t t h e map shown on F i g u r e 9 
was made from g r o u n d s u r v e y s w i t h 
o u t q u o t e d r e f e r e n c e t o a i r p h o t o s . 
T h u s , t h e a i r p h o t o s o i l s u r v e y 
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F i g u r e 11 
The d r a i n a g e p a t t e r n a l s o i s n o t 

t y p i c a l o f an a r e a o f t i l t e d s and
s t o n e s and s h a l e s . The u s u a l " t r e l -
1 i s p a t t e r n " i s a l m o s t n o n - e x i s t e n t 
e x c e p t a t one or two l o c a t i o n s such 
as t h e a b o v e m e n t i o n e d a r e a due 
n o r t h o f S c o t t s v i l l e . No m a j o r 
s t r e a m c r o s s e s t h e area b u t a l l t h e 
d r a i n a g e i s s o u t h o r e a s t , u s u a l l y 
a g a i n s t t h e d i p , t o w a r d t h e James 
R i v e r . 

A s o i l map a t t a c h e d t o F i g u r e 10 
was p r e p a r e d f r o m t h e m o s a i c and 

F i g u r e 12 

v e r i f i e s t h e f i n d i n g s o f t h e A g r i 
c u l t u r a l S o i l S u r v e y and c o n f l i c t s 
w i t h some o p i n i o n s o f t h e V i r g i n i a 
G e o l o g i c a l Survey. 

One o f t h e most i m p o r t a n t f e a -
t o r e s b r o u g h t o u t by t h e a i r p h o t o 
s t u d y i s t h e l o c a t i o n o f t h e m a j o r 
s a n d s t o n e d e p o s i t i n r e l a t i o n t o 
t h e beds o f s h a l e . As s t a t e d p r e 
v i o u s l y i t i s h a r d l y p o s s i b l e t o 
t a k e them a p a r t i n g e o l o g i c a l o r 
a g r i c u l t u r o - p e d o l o g i c a l s t u d y on 
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account of i n t e r b e d d i n g , b l e n d i n g , 
c l o s e s i m i l a r i t y i n composition and 
r a t e of w e a t h e r i n g . As a r u l e the 
sandstone i n t h i s area w i l l f u r n i s h 
a sandy to s i l t y c l a y a t about the 
same r a t e as the s h a l e w i l l g i v e a 
very p l a s t i c , s i l t y c l a y (U, 1). 

Y e t F i g u r e 10 c l e a r l y i n d i c a t e d 
t h e m a j o r a r e a o f s a n d s t o n e and 
those of s h a l e . T h i s d i s t i n c t i o n 
can be made through the d i f f e r e n c e 
i n d r a i n a g e p r o p e r t i e s of the r e 
s u l t i n g s o i l s . The sandstone w i l l 
w e a t h e r i n t o a c o a r s e r g r a i n e d , 
somewhat b e t t e r d r a i n e d s o i l than 
the s h a l e . I t has been found a t 
some l o c a t i o n s t h a t the s a n d s t o n e 
w i l l r e s u l t i n a sandy c l a y w i t h 
s u f f i c i e n t l y good v e r t i c a l drainage 
to g i v e on the mosaic a l i g h t gray 
to w h i t i s h p a t t e r n . The c o l o r pat
t e r n f o r the s h a l e i s a dark u n i 
form gray. 

i 

• • -I ttmmm 
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F i g u r e 13 

As shown i n Table 1, a s e r i e s of 
s o i l s a m p l e s was o b t a i n e d a l o n g 
S t a t e Highway 6. The samples were 
t a k e n from the s i d e of c u t s about 

th r e e to f i v e f t . below the ground 
s u r f a c e and r e p r e s e n t v e r t i c a l l y 
from three to 24 i n . below the s u r 
f a c e of the c u t . A l l t e s t s were 
p e r f o r m e d a c c o r d i n g t o c u r r e n t 
standard s p e c i f i c a t i o n s . 

As i t w i l l be s e e n , t h e s o i l 
s a m p l e s c o r r e s p o n d i n g t o a s h a l e 
parent m a t e r i a l showed more p l a s t i 
c i t y t h a n t h o s e d e r i v e d from the 
outcrops of border conglomerate and 
s t i l l more t h a n t h o s e w e a t h e r e d 
from beds of sandstone. T h i s v e r i 
f i e s the f i n d i n g s of the a i r p h o t o 
s u r v e y though the out c r o p s of bor
der conglomerate a re not of s u f f i 
c i e n t c o ntinuous e x t e n t to be s i g 
n i f i c a n t f o r a i r p h o t o survey u n l e s s 
some low a l t i t u d e p i c t u r e s a r e 
used. 

I t can be r e a d i l y observed t h a t 
the a r e a i s one of r i c h f a r m l a n d . 
A b o u t t h e o n l y p l a c e s where t h e 
ground has not been c l e a r e d of i t s 
n a t u r a l v e g e t a t i o n a r e where t h e 
bedrock i s too c l o s e to the s u r f a c e . 
The f a i r l y r e g u l a r f i e l d p a t t e r n 
i n d i c a t e s t h a t t h e r e i s l i t t l e 
v a r i a t i o n i n ground e l e v a t i o n . The 
o c c u r r e n c e o f cedar t r e e s , as p r e 
v i o u s l y noted, i s n o t i c e a b l e on the 
a i r p h o t o s . They o f t e n o c c u r i n 
s t r a i g h t l i n e s and have dense e v e r 
green f o l i a g e . 

From the p o i n t o f view of con
s t r u c t i o n a l m a t e r i a l s , the a i r p h o t o 
p a t t e r n i n d i c a t e s t h a t s m a l l depo
s i t s o f s a n d and g r a v e l ( m o s t l y 
f i n e g r a i n e d a l l u v i u m s ) a r e a v a i l 
a b l e a l o n g t h e James R i v e r ( 9 ) . 
N e i t h e r the" s h a l e nor the sandstones 
would be very s u i t a b l e as a highway 
aggregate s i n c e they would weather 
f a i r l y r e a d i l y i n t o the too common 
very p l a s t i c c l a y . The border con
g l o m e r a t e c o u l d be q u a r r i e d a t a 
number of p l a c e s along the w e s t e r n 
f a u l t l i n e . 

PERFORMANCE 
I n 1932 the S t a t e Highway Depart

ment took charge of the maintenance 
and c o n s t r u c t i o n of p r a c t i c a l l y a l l 
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the county roads; some o f them were 
added.to the p r i m a r y road s y s t e m , 
o t h e r s formed the secondary network. 
As a r e s u l t , a d e q u a t e r e c o r d s o f 
the work done under county s u p e r v i 
s i o n are not a v a i l a b l e today. T h i s 
was a handicap f o r the road perform
ance s u r v e y which was made i n con
n e c t i o n w i t h t h i s study. 

A l l the roads i n the a r e a were 
d r i v e n over a t low speed and t h e i r 
c o n d i t i o n r e c o r d e d as i t c o u l d be 
d e t e r m i n e d by c a r e f u l v i s u a l i n 
s p e c t i o n . I n order to a v o i d v a r i 
a b l e s due to c l i m a t i c c o n d i t i o n s , 
the s u r v e y was a c c o m p l i s h e d i n two 
c o n s e c u t i v e days of uniform weather 
c o n d i t i o n s . T h i s should be kept i n 
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TABLE 1 
RESULTS OF SOIL TESTS 

Ht. 6 

imple No. Mileage from Sp. Gt. L L PL P I ( t p t . M o i s t . Max. Dena. 
S c o t t s v i l l e 

S I 2.8 2.69 64 32 32 27 95 

S3 3.5 2.66 46 29 17 23 102 
S4 4.0 2.74 54 31 23 26 97 
SS 4.7 2.73 65 37 28 28 97 
S6 5.0 2.73 53 38 IS 30 93 

mind when e x a m i n i n g the i l l u s t r a 
t i o n s . A t r a f f i c flow map was pre
pared from counts taken d u r i n g the 
summer of 1947 ( s e e F i g u r e 1 4 ) . I t 
shows t h a t t h e t r a f f i c was q u i t e 
l i g h t on the secondary roads which 
may be c l a s s i f i e d as b e l o n g i n g to 
the " farm-to-market" type. The two 
p r i m a r y r o a d s ( R o u t e s 6 and 2 0 ) 
h a v e s l i g h t l y h e a v i e r t r a f f i c 
counts and were a t the time of the 
survey the only two paved roads (.13) 

Route 6 i s an i m p o r t a n t e a s t -
west highway. I t has a waterbound 
macadam base c o v e r e d w i t h a b i t u 
minous s u r f a c e t r e a t m e n t . Though 
i t i s i n e x c e l l e n t c o n d i t i o n both 
on T r i a s s i c and n o n - T r i a s s i c s o i l s , 
i t i s i n t e r e s t i n g to note t h a t i t 
was i n 1938 t h a t the s e c t i o n through 
the T r i a s s i c b a s i n had to be moder
n i z e d to the p r e s e n t s t a n d a r d w h i l e 
the o l d s o i l base r o a d o u t s i d e o f 
the a r e a under s t u d y was n o t r e 
b u i l t u n t i l 1942. Though o t h e r 
f a c t o r s w i l l e n t e r i n t o the p i c t u r e , 
i t i s obvious t h a t the drainage and 
b e a r i n g power c o n d i t i o n s encountered 
i n c o n n e c t i o n w i t h T r i a s s i c s o i l s 
made n e c e s s a r y a b e t t e r and more 
e x p e n s i v e type o f pavement i n the 
T r i a s s i c b a s i n four y e a r s before i t 
was n e c e s s a r y i n an a d j o i n i n g P r e -
Cambrian a r e a . 

The o t h e r p r i m a r y h i g h w a y i s 
Route 20 l i n k i n g S c o t t s v i l l e and 
C h a r l o t t e s v i l l e . I t i s one of the 
o l d e s t P o r t l a n d cement pavements i n 

P a r e n t 
M a t e r i a l 

Shale 
Sandstone 
Sandstone 
Shale 
Border 

Conglomerate 

t h e s t a t e and was b u i l t by t h e 
C o u n t y Road D e p a r t m e n t i n 1919. 
S i n c e a c c u r a t e r e c o r d s on t h i s 
pavement a r e n o t a v a i l a b l e , one 
s h o u l d remember t h a t any f i n d i n g s 
of the performance s u r v e y might be 
i n f i r m e d by the f a c t t h a t d i f f e r e n t 
s e c t i o n s were b u i l t by d i f f e r e n t 
c o n t r a c t o r s w i t h d i f f e r e n t m a t e r i 
a l s . T h i s f a c t w i l l o b v i o u s l y a f 
f e c t the q u a l i t y of the r e s u l t i n g 
c o n c r e t e , b u t s i n c e t h e s e c t i o n 
b o u n d a r i e s a r e not a v a i l a b l e , i t 
had to be overlooked i n the survey. 
N e v e r t h e l e s s , i t i s indeed s t r i k i n g 
to note the d i f f e r e n c e i n perform
a n c e o f t h e pavement i n t h e two 
s o i l a r e a s as shown i n F i g u r e s 15 
and 16. A c r a c k c o u n t was made 
o v e r two f i v e m i l e s t r e t c h e s o f 
r o a d : i n t h e T r i a s s i c b a s i n t h e 
a v e r a g e number o f c r a c k s f o r 0.1 
m i l e was 32 a g a i n s t 12 on a d j o i n i n g 
Pre-Cambrian s o i l f or approximately 
t h e same t r a f f i c . T h i s means a 
c r a c k i n t e r v a l of 44.0 a g a i n s t 16.5 
f e e t . The pavement b u i l t w i t h o u t 
j o i n t s ( e i t h e r l o n g i t u d i n a l o r 
t r a n s v e r s a l ) i s s t i l l i n e x c e l l e n t 
c o n d i t i o n f o r i t s age i n the P r e -
Cambrian area but shows g e n e r a l i z e d 
f a i l u r e i n the T r i a s s i c b a s i n . Map 
c r a c k i n g , s p e l l i n g , and s c a l i n g 
were o b s e r v e d , but from the l a r g e 
amount of p a t c h i n g i t was not pos
s i b l e to d e t e r m i n e the o c c u r r e n c e 
of blowups. Thus, i t appears t h a t 
the poor drainage and b e a r i n g power 
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p r o p e r t i e s of s o i l s d e r i v e d from 
T r i a s s i c p a r e n t m a t e r i a l s were r e 
f l e c t e d i n the performance of the 
pavements, but i t was not p o s s i b l e 
from the d a t a a v a i l a b l e to deter-' 
mine d i f f e r e n t performances of p r i 
mary highways between the s h a l e and 
the sandstone a r e a s . 

T h i s i s a l s o c l e a r l y shown i n 
another way on the se c o n d a r y road 
system. At the time of the study, 
a l l were s o i l r oads w i t h v a r i a b l e 
amounts of c r u s h e r run or c r u s h e d 
r o c k m a t e r i a l f o r s t a b i l i z a t i o n 
added every year to the s u r f a c e as 
needed. Some of the rock used has 
a l s o been of T r i a s s i c age but most 
of i t has come from the surrounding 
Pre-Cambrian a r e a . 

too common a s i g h t on s e c o n d a r y 
roads b u i l t on T r i a s s i c s o i l s . 

A study of e x p e n d i t u r e s on secon
dary roads was undertaken to d e t e r 
mine the r e l a t i v e c o s t s of c o n s t r u c 
t i o n and maintenance as a f u n c t i o n 
o f s o i l t y p e s . T h i s u n d e r t a k i n g 
was handicapped by the f a c t t h a t i n 
t h e S c o t t s v i l l e a r e a o n l y f o u r 
secondary roads are e x c l u s i v e l y on 
one s o i l type and a l l o t h e r r o u t e s 
c r o s s s o i l b o u n d a r i e s . The r e s u l t 
of the i n v e s t i g a t i o n i s r e p r e s e n t a 
t i v e inasmuch as the data c o v e r s a 
n i n e - y e a r p e r i o d . As the r o u t e s 
were s e l e c t e d by a p r o c e s s o f e l i 
m ination not based on t h e i r p e r f o r 
mance, the p r o c e s s was thus about 
e q u i v a l e n t to l o t sampling. 

F i g u r e 15 Albemarle County-Scotts-
v i l l e Area Poor performance of 

concrete pavement on s o i l d e r i v e d 
from T r i a s s i c parent m a t e r i a l . 

( R t . 20) 
An i n s p e c t i o n of F i g u r e s 17 and 

18 w i l l show c l e a r l y the d i f f e r e n c e 
i n a ppearance of the ro a d s i n the 
two a r e a s . E s p e c i a l l y obvious i s 
the d i f f e r e n c e i n d r a i n a g e c h a r a c 
t e r i s t i c s which a r e emphasized a t 
the time of the " s p r i n g break-up." 
As shown i n F i g u r e 19, a t any s e a 
son the s u r f a c e water w i l l remain 
f o r days a f t e r any r a i n w h i l e i t 
di s a p p e a r s much f a s t e r on surround
i n g s o i l s d e r i v e d from Pre-Cambrian 
p a r e n t m a t e r i a l s . The deep r e d -
brown s t i c k y mud i s u n f o r t u n a t e l y 

F i g u r e 16 Albemarle County-Scotts-
v i l l e Area E x c e l l e n t performance of 
conc r e t e pavement on s o i l d e r i v e d 
from Pre-Cambrian parent m a t e r i a l . 

(Rt . 20) 
The r e s u l t s a r e shown on T a b l e 

2. The f i r s t two l i n e s a r e f o r 
r o u t e s e n t i r e l y i n t h e T r i a s s i c 
a r e a w h i l e the two o t h e r ones a r e 
j u s t on t h e o u t s i d e . O t h e r w i s e 
they are the same ki n d of u n t r e a t e d 
s o i l roads, t h o u g h R o u t e 6 2 6 i s 
s u b j e c t e d t o a much h e a v i e r t r a f f i c 
than the o t h e r s . I t w i l l be s e e n 
t h a t the average c o s t per m i l e per 
year f o r m a i n t e n a n c e on T r i a s s i c 
s o i l has a mean value of $226 a g a i n s t 
$81 f o r P r e - C a m b r i a n s o i l . The 
s t r i k i n g d i f f e r e n c e would s t i l l be 



TABLE 2 
COSTS OF TYPICAL SECONDARY ROADS I N ALBEMARLE COUNTY-SCOTTSVILLE AREA 

1 9 3 9 - 1 9 4 7 

R t . Ml l e a g e S o i l A r e a A v g . 
D a i l y 

T r a f f i c 
1947 

T o t a l C o s t i n 
D o l l a r s 

( 1 9 3 9 - 1 9 4 7 ) 
M a i n t . C o n s t . 

Y e a r l y A v g . 
C o s t m 
D o l l a r s 

M a i n t . C o n s t . 

Y e a r l y A v g . p e r 
M i l e 

i n D o l l a r s 
M a i n t . C o n s t . 

Y e a r l y A v g . C o s t 
p e r M i l e p e r C a r 

i n C e n t s 
M a i n t . C o n s t . 

626 10.4 T r i a s s i c 104 19126 5209 2125 
713 2.3 T r i a s s i c 25 5123 343 569 
714 1.0 P r e - C a m b r i a n 15 569 - 63 
725 0.6 P r e - C a o b r i a n 24 535 74 59 

579 
38 

204 
247 
63 
99 

56 
17 

14 

. 5 4 " 
2 . 7 1 
1. 15 
1. 13 

. 15 

. 18 

. 16 

T h i s l o w v a l u e i s due t o t h e much h e a v i e r t r a f f i c t o w h i c h t h i s r o u t e i s s u b j e c t e d . 
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l a r g e r i f Route 626 were omitted on 
a c c o u n t of the h e a v i e r t r a f f i c on 
t h i s r o a d as compared t o t h a t on 
t h e o t h e r t h r e e r o u t e s . I f t h e 
t r a f f i c i s t a k e n i n t o a c c o u n t , 
Route 626 cannot be used f o r com
p a r i s o n , but for ap p r o x i m a t e l y the 
same t o t a l mileage, one can compare 
Route 713 a g a i n s t a combination of 
Routes 714 and 725. Y e t f o r Route 
713 on T r i a s s i c s o i l , t h e y e a r l y 
a v e r a g e c o s t p er m i l e p e r c a r i s 
2.71 c e n t s a g a i n s t a mean v a l u e on 
P r e - C a m b r i a n s o i l o f 1.14 c e n t s . 
S i m i l a r c o n c l u s i o n s may be drawn 
from an a n a l y s i s of the c o n s t r u c 
t i o n c o s t s though t h e y a r e l e s s 
s t r i k i n g as f a r as performance in 
concerned. 

F i g u r e 17 Albemarle County-Scotts-
v i l l e Area A secondary road on 

poorly d r a i n e d s o i l from T r i a s s i c 
parent m a t e r i a l (note t y p i c a l 
f l a t landscape and v e g e t a t i o n 

of cedar t r e e s 
CONCLUSIONS 

From the a i r p h o t o s t u d y of the 
T r i a s s i c bas^n of S c o t t s v i l l e , the 
f o l l o w i n g c o n c l u s i o n s are i n d i c a t e d : 

1. I t i s p o s s i b l e to use a i r -
photos to i n v e s t i g a t e the s o i l a r e a s 
connected w i t h T r i a s s i c o u t c r o p s . 
I t was found t h a t whenever a forma
t i o n was of s u f f i c i e n t e x t e n t to be 
of highway e n g i n e e r i n g s i g n i f i c a n c e 
i t could be determined and bounded. 

2. E x i s t i n g g e o l o g i c a l d a t a , 
though h i g h l y v a l u a b l e , a r e con
f l i c t i n g w i t h i n f o r m a t i o n o b t a i n e d 

from a g r i c u l t u r a l s o i l s u r v e y s . 
Airphoto i n v e s t i g a t i o n s agree w i t h 
the l a t t e r though no e v i d e n c e was 
found of c o r r e l a t i o n between parent 
m a t e r i a l s and a g r i c u l t u r a l s o i l 

F i g u r e 18 Albemarle C o u n t y - S c o t t s -
v i l l e Area A secondary road on 
f a i r l y w e l l d rained s o i l from 

Pre-Cambrian parent m a t e r i a l (note 
t y p i c a l v e g e t a t i o n of pine t r e e s ) 

F i g u r e 19 Albemarle C o u n t y - S c o t t s -
v i l l e Area A secondary road on s o i l 

d e r i v e d from T r i a s s i c parent 
m a t e r i a l . Note poor drainage 

of p l a s t i c s o i l . 
( R t . 735) 

s e r i e s . 
3. The a i r p h o t o s o i l p a t t e r n i s 

t y p i c a l of a f i n e - d r a i n e d p l a s t i c 
s o i l but due to l o c a l c o n d i t i o n s 
t h e l a n d f o r m and d r a i n a g e do n o t 
u s u a l l y conform t o the " t r e l l i s " 
p a t t e r n e x p e c t e d from t i l t e d beds 



46 

of sandstones and s h a l e s . 
4. Only the a i r p h o t o s p e r m i t t e d 

an e a s y d i s t i n c t i o n b e tween t h e 
major o u t c r o p s o f T r i a s s i c s a n d 
stone and s h a l e , and a l l s i g n i f i c a n t 
s o i l boundaries were found r e l i a b l e . 

5. The a r e a i s one o f f e r t i l e 
farmland and as i s u s u a l l y the c a s e , 
the r i c h a g r i c u l t u r a l s o i l s c o r r e s 
pond to poor highway s o i l s on a c 
count o f t h e i r p l a s t i c p r o p e r t i e s . 

6» A p e r f o r m a n c e s u r v e y i n d i 
c a t e d t h a t f o r o v e r a p e r i o d o f 
y e a r s more maintenance and a h i g h e r 
type of pavement were r e q u i r e d f o r 
primary highways i n s i d e the T r i a s s i c 
b a s i n . The average c o s t o f mainte
nance o f s e c o n d a r y r o a d s was a l s o 
h i g h e r when b u i l t on s o i l s d e r i v e d 
from T r i a s s i c p a r e n t m a t e r i a l than 
f o r s i m i l a r r o u t e s on nearby s o i l s 
d e r i v e d from P r e - C a m b r i a n p a r e n t 
m a t e r i a l . 

7. Though i t was p o s s i b l e t o 
determine the major outcrops w i t h i n 
t h e T r i a s s i c b a s i n from the a i r 
photo p a t t e r n s and t o e v a l u a t e a 
d i f f e r e n c e i n performance between 
roads i n the b a s i n and o u t s i d e , i t 
has not y e t been p o s s i b l e to c o r r e 
l a t e performance and the d i f f e r e n t 
outcrops w i t h i n the T r i a s s i c b a s i n . 

8. The f i n d i n g s from the a i r 
photo i n v e s t i g a t i o n were v e r i f i e d 
by e very s o i l t e s t performed to a s 
c e r t a i n the r e l i a b i l i t y of the i n 
v e s t i g a t i o n . 

9. T h i s i n v e s t i g a t i o n t h u s i s 
c o n s i d e r e d worthwhile, r e l i a b l e and 
p r a c t i c a l , and would a p p a r e n t l y 
warrant a s y s t e m a t i c a l e x t e n s i o n t o 
o t h e r s i m i l a r T r i a s s i c b a s i n s i n 
V i r g i n i a and other s t a t e s . 
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PREPARATION OF AN ENGINEERING GEOLOGIC MAP 

OF THE HOMESTEAD QUADRANGLE MONTANA ^ 

CLIFFORD A. KAYE 
G e o l o g i s t , U.S. Geological Survey 

SYNOPSIS 

The i n c r e a s e d e n g i n e e r i n g demand f o r g e o l o g i c data has focused a t t e n t i o n on 
t h e e n g i n e e r i n g g e o l o g i c map. Four b a s i c r e q u i r e m e n t s f o r t h i s k i n d o f map a r e : 
1) a v o i d a n c e o f h i g h l y t e c h n i c a l g e o l o g i c terms; 2) emphasis on t h e p h y s i c a l 
d i f f e r e n c e s and s i m i l a r i t i e s o f b o t h r o c k and s o i l m a t e r i a l s ; 3) a t h r e e - d i m e n 
s i o n a l q u a l ' i t y t o a i d i n s u b s u r f a c e i n t e r p r e t a t i o n ; and 4) emphasis on d e p o s i t s 
o f c o n s t r u c t i o n a l m a t e r i a l . Hie e n g i n e e r i n g g e o l o g i c map o f the Homestead quad
r a n g l e i n n o r t h e a s t e r n Montana a t t e m p t s t o f u l f i l l t hese r e q u i r e m e n t s by u s i n g 
s e v e r a l s p e c i a l t e c h n i q u e s o f p r e s e n t a t i o n . The map i s accompanied by a t a b u l a 
t i o n o f e n g i n e e r i n g p r o p e r t i e s o f each o f the map u n i t s . 

W i t h i n r e c e n t y e a r s , t h e i n 
c r e a s i n g demand f o r comprehensive 
e n g i n e e r i n g p l a n n i n g has made e v i 
dent s e r i o u s inadequacies of e s s e n 
t i a l t e c h n i c a l i n f o r m a t i o n . Promi
n e n t among t h e s e i s t h e l a c k o f 
g e o l o g i c information t h a t i s r e a d i l y 
a d a p t a b l e to e n g i n e e r i n g n e e d s . 
D i v e r s e e n g i n e e r i n g planning s t u d i e s 
s u c h a s f o r highways, i n d u s t r i a l 
and urban developments, f l o o d con
t r o l , power, and r e c l a m a t i o n , have 
a l l shown i n one way or another the 
need for i n t e r p r e t a t i o n of g e o l o g i c 
d a t a . I n an e f f o r t to f i l l t h i s 
need, the U.S. G e o l o g i c a l S u r v e y 
has d i r e c t e d a p a r t of i t s c u r r e n t 
g e o l o g i c program to the f i e l d o f 
e n g i n e e r i n g geology and i s e x p e r i 
menting with the problem of the en
g i n e e r i n g geologic map as one phase 
of t h i s work. 

The g e o l o g i c nvap made s p e c i f i 
c a l l y f or c i v i l e n g i n e e r s - the en
g i n e e r i n g g e o l o g i c map - i s not a 
new c o n c e p t nor y e t has i t e v e r 
been c r y s t a l l i z e d i n t o any conven
t i o n a l form. One r e a s o n f o r t h i s 

^ P u b l i s h e d by p e r m i s s i o n o f the D i r e c t o r , 
U. S . G e o l o g i c a l Survey. 

i s t h e extreme range o f i n t e r e s t 
covered by c i v i l e n g i n e e r i n g . Geo
l o g i c maps made e s p e c i a l l y f o r the 
s t u d y o f a dam a r e no new s t o r y , 
n o r a r e t h o s e made f o r s t r u c t u r e s 
w i t h c r i t i c a l f o u n d a t i o n r e q u i r e 
ments, nor those f o r highway route 
s u r v e y s . The c o n v e n t i o n a l a r e a l 
g e o l o g i c map has often been p r o f i t 
a b l y used by e n g i n e e r s t r a i n e d i n 
g e o l o g y . M o r e o v e r , one o f t h e 
d u t i e s of the g e o l o g i c s t a f f s r e 
t a i n e d by the l a r g e r e n g i n e e r i n g 
o f f i c e s i s to i n t e r p r e t such maps 
f o r e n g i n e e r i n g use. 

The i n t e g r a t i o n of the pedologic 
map and the g e o l o g i c map has im
p r e s s e d O l m s t e a d ^ as a n e c e s s a r y 
s t e p i n p r e p a r i n g the highway en
g i n e e r i n g map. J e n k i n s , B e l c h e r , 
Gregg, and Woods^ have pursued the 

^ O l o s t e a d , F. R. , " S y s t e m a t i c P l a n n i n g o f 
Low Cost Roads," Proceedings, A s s o c i a t i o n 
o f A s p h a l t P a v i n g T e c h n o l o g i s t s , V o l . 12, 
1940. 
^ B e l c h e r , D. J., Gregg, L. E., and Woods, 
K. B., "The F o r m a t i o n , D i s t r i b u t i o n , and 
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 S o i l s . " 
Purdue U n i v e r s i t y , Engineering Bulletin, 
Research Series No. 87, 1943. Cont. next pg. 
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" e n g i n e e r i n g pedology" map to g r e a t 
l e n g t h . They have i n d i c a t e d a r e 
l a t i v e l y f a s t and i n e x p e n s i v e k i n d 
o f r e g i o n a l mapping ba s e d on the 
s y n t h e s i s of geologic and pedologic 
f a c t o r s . A s t u d y o f t h e F a i r f a x 
quadrangle, V i r g i n i a , by V. P. So-
k o l o f f and A. H. N i c o l of the U.S. 
G e o l o g i c a l S u r v e y , now b e i n g p r e 
pared i n cooperation with the P u b l i c 
Roads A d m i n i s t r a t i o n , i s a n o t h e r 
example of a type of highway engin
e e r i n g map t h a t can be made. Some 
o f the r e c e n t l y p u b l i s h e d c o u n ty 
s o i l s u r v e y s o f the U.S. Bureau of 
P l a n t I n d u s t r y , S o i l s , and A g r i c u l 
t u r a l E n g i n e e r i n g s a t i s f y many of 
the r e q u i r e m e n t s o f a highway en
g i n e e r i n g map. The t e r r a i n i n t e l 
l i g e n c e maps prepared by the M i l i 
t a r y Geology U n i t of the U.S. Geo
l o g i c a l S u r v e y a r e noteworthy a t 
tempts to i n t e r p r e t geology for the 
m i l i t a r y engineer. 

D e s p i t e t h e e f f o r t s t h a t have 
b e e n made from t i m e t o t i m e by 
v a r i o u s g r o u p s , t h e r e s t i l l i s a 
v e r y r e a l need f o r maps t h a t p r e 
s e n t t h e wide r a n g e o f g e o l o g i c 
d a t a t h a t a r e o f i n t e r e s t to en
g i n e e r s i n a form t h a t i s r e a d i l y 
c o m p r e h e n s i b l e t o them. To be o f 
maximum u s e f u l n e s s i n p l a n n i n g en
g i n e e r i n g s t r u c t u r e s , s u c h maps 
s h o u l d f u l f i l l t h e n e e d s o f t h e 
s m a l l independent e n g i n e e r as w e l l 
a s t h o s e o f m u n i c i p a l , s t a t e , and 
f e d e r a l a g e n c i e s . On t h e o t h e r 
hand, the range of p o s s i b l e f u t u r e 
c o n s t r u c t i o n p r o j e c t s i n any a r e a 

B e l c h e r , D. J . , D i s c u s s i o n on p a p e r , 
G e o l o g y i n Highway E n g i n e e r i n g , " Proceed-
ing$, American S o c i e t y o f C i v i l Engineers, 
May 1944. 

B e l c h e r , D. J . , " E n g i n e e r i n g S i g n i f i 
c a n c e o f S o i l P a t t e r n s , " Proeeedinga, 
Highway Research Board, V o l . 23, 1943. 

J e n k i n s , D. S., B e l c h e r , D. J . , Gregg, 
L. E., Woods, K. B. , "The O r i g i n , D i s t r i 
b u t i o n , and A i r p h o t o I d e n t i f i c a t i o n o f 
U n i t e d S t a t e s S o i l s , " Technical Develop' 
ment Report No. 52, C i v i l A e r o n a u t i c s Ad-
n i n i s t r a t i o n . May 1946. 

l a r g e enough to be c o n s i d e r e d i n a 
r e g i o n a l s t u d y i s p r o b a b l y too 
g r e a t t o be t a k e n c a r e of by any 
one g e o l o g i c map. A c e r t a i n d e f i 
n i t i o n i s t h e r e f o r e r e q u i r e d as to 
what e n g i n e e r i n g problems can be 
e c o n o m i c a l l y answered by a s i n g l e 
map. 

B r o a d l y s p e a k i n g , the r e q u i r e 
ments o f an e n g i n e e r i n g g e o l o g i c 
map are r e l a t i v e l y s i m p l e . F i r s t , 
a l l t e c h n i c a l g e o l o g i c a l terms t h a t 
a r e of no p r a c t i c a l use to the en
gin e e r should be e l i m i n a t e d or sub
o r d i n a t e d . Foremost i n t h i s c a t e 
gory a r e h i s t o r i c and g e n e t i c t e r 
minology which, a l t h o u g h o f g r e a t 
i n t e r e s t to the g e o l o g i s t , a re often 
an e n c u mbrance t o t h e e n g i n e e r . 
Second, emphasis s h o u l d be p l a c e d 
on m a t e r i a l s , and map u n i t s s h o u l d 
be a d j u s t e d , i n s o f a r as p o s s i b l e , 
s o t h a t 1 i t h o l o g i c a 1 1 y s i m i l a r 
r o c k s and t e x t u r a l l y s i m i l a r s o i l s 
a r e i d e n t i f i e d as such on the map. 
C o n v e r s e l y , d i f f e r e n t r o c k s and 
d i f f e r e n t s o i l s should be s u f f i c i 
e n t l y d i f f e r e n t i a t e d . I n a d d i t i o n , 
f u l l y as much a t t e n t i o n s h o u l d be 
g i v e n to overburden or s o i l s as i s 
g i v e n t o the u n d e r l y i n g b e d r o c k . 
T h i r d , a t h r e e - d i m e n s i o n a l q u a l i t y 
s h o u l d be given to the map so t h a t 
the engineer w i l l be able to " l o o k " 
under the s u r f a c e and e s t i m a t e with 
some degree o f a s s u r a n c e what ma
t e r i a l s and c o n d i t i o n s w i l l be en
coun t e r e d a t depth. F o u r t h , depo
s i t s and workings o f n a t u r a l con
s t r u c t i o n m a t e r i a l s should be con
s p i c u o u s l y i n d i c a t e d . 

The map of the Homestead quad
r a n g l e i s an attempt to r e s o l v e the 
r e q u i r e m e n t s d e s c r i b e d above by 
c l a r i f y i n g the p r e s e n t a t i o n of data 
t h a t are u s u a l l y shown on an ortho
dox a r e a ! g e o l o g i c map. The map 
i t s e l f i s a g e o l o g i c map i n e v e r y 
s e n s e o f the word; the t e x t which 
a c c o m p a n i e s i t i s c o n c e r n e d o n l y 
w i t h the e n g i n e e r i n g a s p e c t s of the 
map data. P a r t of the map i s shown 
i n F i g u r e 1. 

The a r e a covered by the map i s a 
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s t a n d a r d 15-minute q u a d r a n g l e l o 
c a t e d i n R o o s e v e l t and S h e r i d a n 
c o u n t i e s i n n o r t h e a s t e r n Montana. 
The study was made as p a r t o f the 
G e o l o g i c a l S u r v e y ' s i n v e s t i g a t i o n s 
i n the M i s s o u r i R i v e r B a s i n , and 
the p a r t i c u l a r quadrangle was chosen 
because i t f e l l w i t h i n the a r e a of 
the proposed M i s s o u r i - S o u r i s u n i t 
of the I n t e r d e p a r t m e n t a l M i s s o u r i 
R i v e r B a s i n development p l a n . The 
r e g i o n i s l a r g e l y g i v e n o v e r t o 
wheat farming and g r a z i n g , and con
t a i n s few e n g i n e e r i n g s t r u c t u r e s 
of any i m p o r t a n c e . No h a r d - s u r 
faced roads occur w i t h i n the quad
r a n g l e . The s e l e c t i o n of t h i s a r e a 
for the p r e p a r a t i o n of an engineer
i n g map was somewhat i n f l u e n c e d by 
the p r o x i m i t y , j u s t s o u t h o f the 
quadrangle, of the s i t e o f a pro
posed l a r g e e a r t h - f i l l dam. Be
cau s e the a r e a c o n t a i n e d no h a r d 
bedrock and the r e l i e f was nowhere 
very g r e a t , a f u l l range o f geo
l o g i c c o n d i t i o n s was not encountered 
in making the e n g i n e e r i n g g e o l o g i c 
map. The a r e a i s , however, f a i r l y 
t y p i c a l of the n o r t h e r n g l a c i a t e d 
Great P l a i n s and as such i s of i n 
t e r e s t from a r e g i o n a l p o i n t o f 
view. 

The Homestead quadrangle c o n s i s t s 
c h i e f l y of a moderate]y w e l l - d r a i n e d 
g l a c i a l t i l l p l a i n of low to moder
ate r e l i e f . The s o f t bedrock ( s i l t , 
c l a y , and sand o f the F o r t U nion 
formation) crops out i n a number of 
p l a c e s . The f l o o d p l a i n o f B i g 
Muddy Creek i s a c o n s p i c u o u s f e a 
ture of the quadrangle. I t i s un
d e r l a i n by c l a y and a t g r e a t e r 
depth by sand and g r a v e l . S e v e r a l 
l a r g e a r e a s of sand dunes occur i n 
the southern h a l f of the quadrangle. 
A g r a v e l , c o n s i s t i n g predominantly 
of q u a r t z i t e pebbles, c r o p s out on 
the v a l l e y s i d e s where i t r e s t s on 
the F o r t Union formation and under
l i e s the g l a c i a l t i l l . 

F i e l d mapping c o n s i s t e d of the 
s y s t e m a t i c examination of a l l out
c r o p s and road c u t s . The bedrock 

was examined i n d e t a i l i n the s i d e s 
of the deeper v a l l e y s and r a v i n e s . 
A uger h o l e s were p u t down where 
road c u t s and outcrops were s c a r c e 
Well logs were c o l l e c t e d from farm
e r s and d r i l l e r s , and, a f t e r a c e r 
t a i n amount of i n t e r p r e t a t i o n , were 
i n c o r p o r a t e d i n t o t h e g e o l o g i c a l 
p i c t u r e . Most of the a r e a was ac
c e s s i b l e to automobile by a network 
of s e c t i o n - l i n e r o a d s . Mapping a t 
a s c a l e o f 1:20,000 was done on 
a e r i a l p h o t o g r a p h s . The g e o l o g y 
was l a t e r t r a n s f e r r e d to the pub
l i s h e d topographic map of the quad
rangle ( s c a l e 1:62,500). 

As i n most g e o l o g i c a l work, the 
a e r i a l photographs were an i n v a l u 
a b l e a i d . The bro a d f e a t u r e s o f 
t h e g l a c i a l g e o l o g y o f t h e a r e a 
were r e l a t i v e l y s i m p l e and i n many 
c a s e s c o u l d be i n t e r p r e t e d from a 
s t u d y o f t h e p h o t o g r a p h s . The 
s l i g h t l y u n d u l a t i n g and i m p e r f e c t l y 
drained t i l l p l a i n was c l e a r l y d i s 
t i n g u i s h a b l e from the f l a t c l a y e y 
f l o o d p l a i n o f the r i v e r and creeks. 
Low g r a v e l t e r r a c e s i n the r i v e r 
v a l l e y s were i n d i c a t e d by a d i f f e r 
ence i n p a t t e r n and the sand dune 
a r e a s were c l e a r l y v i s i b l e . Out
crops of sediments of the F o r t Union 
formation were i d e n t i f i e d from the 
l i g h t c o l o r a t i o n and the c h a r a c t e r 
i s t i c shape of s l o p e s . A l l of the 
i n t e r p r e t a t i o n s made from a e r i a l 
photographs were checked and con
firmed i n the f i e l d . 

The use of a e r i a l photography in 
e n g i n e e r i n g g e o l o g i c mapping has 
been ably d e s c r i b e d by E a r d l e y ^ and 
by J e n k i n s , B e l c h e r , G r e g g , and 

* E a r d l e y , A. J . , >l«riol P h o t o g r o p h * : 
T h e i r l/»e ond i n t e r p r e t a t i o n . H a r p e r and 
B r o s . , 1942. 

Ear d l e y , A. J., " A e r i a l Photographs and 
D i s t r i b u t i o n o f C o n s t r u c t i o n a l M a t e r i a l s , " 
Proceedings, H i g h w a y R e s e a r c h B o a r d , 
V o l . 23, 1943. 
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Woods^. The w r i t e r ' s e x p e r i e n c e 
i n d i c a t e s , however, t h a t a c c u r a t e 
mapping by t h i s method r e q u i r e s 
c o n s i d e r a b l e ground che c k i n g . Char
a c t e r i s t i c l a n d forms p o s s e s s i n g 
t y p i c a l m a t e r i a l a s s o c i a t i o n s occur 
too r a r e l y i n n a t u r e to p e r m i t ex
t e n s i v e a r m c h a i r mapping. I t i s 
s a f e t o s a y t h a t t h e a c c u r a c y o f 
the f i n a l map i s i n d i r e c t propor
t i o n to the amount of energy expen
ded i n a c t u a l f i e l d mapping. 

The Homestead, Montana, topo
g r a p h i c map, p u b l i s h e d by the U^.S. 
G e o l o g i c a l S u r v e y on a s c a l e o f 
1:62,500, w i t h a 2 0 - f o o t c o n t o u r 
i n t e r v a l , s e r v e d a s « base map on 
which the e n g i n e e r i n g g e o l o g i c data 
was p l o t t e d . The f i n i s h e d map and 
a t e x t i n t a b u l a r arrangement a r e 
p r i n t e d on one d o u b l e f o l i o - s i z e 
s h e e t . D i s t r i b u t i o n haa been l i m i 
t e d t o o f f i c i a l o f t h e f e d e r a l 
a g e n c i e s c o n c e r n e d w i t h M i s s o u r i 
R i v e r B a s i n development. 

I n o r d e r to emphasize the d i s 
t r i b u t i o n of m a t e r i a l s on the Home
s t e a d map, c e r t a i n c o l o r s were 
adopted as s t a n d a r d f o r m a t e r i a l s 
of d i f f e r e n t t e x t u r e s . T h i s c o l o r 
scheme i s e x p l a i n e d s e p a r a t e l y on 
the s i d e of the map s h e e t . Because 
the quadrangle i s a l m o s t e n t i r e l y 
l a c k i n g i n hard rock, the t e x t u r a l 
c l a s s i f i c a t i o n i s n e c e s s a r i l y limi« 
t e d to u n c o n s o l i d a t e d s e d i m e n t s . 
M a t e r i a l s t h a t o c c u r i n the quad
r a n g l e were s u b d i v i d e d i n t o f i v e 
groups: 1) predominantly sand and 
g r a v e l , l o c a l l y sandy; 2) predomin
a n t l y sand, minor amounts of g r a v e l , 
s i l t , and c l a y ; 3 ) w e l l - g r a d e d 
s o i l s w i t h a p p r e c i a b l e f i n e s ; 
4) s i l t and c l a y ; and 5) sand, s i l t , 
and c l a y i n t i m a t e l y i n t e r s t r a t i -

J e n k i n s , D. S., B e l c h e r , D. J.. Gregg, 
L. E. , Woods, K. B., "The O r i g i n , D i s t r i 
b u t i o n , and A i r p h o t o I d e n t i f i c a t i o n o f 
U n i t e d S t a t e s S o i l s , "Technical Develop
ment Report No. 52, May 1946. 

f i e d . A l l map u n i t s t h a t a r e p r e 
dominantly sandy are g i v e n the same 
c o l o r on t h e map ( y e l l o w ) , and 
s i m i l a r l y a l l u n i t s t h a t are c l a y e y 
or g r a v e l l y are g i v e n t h e i r c h a r a c 
t e r i s t i c c o l o r s . The advantage of 
e s t a b l i s h i n g c o l o r s f o r e a s i l y de
f i n a b l e l i t h o l o g i c a l o r t e x t u r a l 
t y p e s l i e s i n t h e f a c t t h a t t h e 
t e x t u r a l p i c t u r e i s i n t h a t way 
made c l e a r and obvious.^ As an ex
ample of i t s a p p l i c a t i o n , one can 
imagine t h a t the e n g i n e e r l o o k i n g 
f o r g r a v e l w i l l be a b l e to a p p r a i s e 
an a r e a r a p i d l y by l o o k i n g f o r the 
orange c o l o r . I n o rder to s a t i s f y 
t h e needs o f a broad r e g i o n a l pro
gram of e n g i n e e r i n g geologic mapping 
a more c o m p r e h e n s i v e t e x t u r a l and 
l i t h o l o g i c breakdown, perhaps along 
t h e l i n e s s u g g e s t e d by B e l c h e r ' , 
should be adopted and s t a n d a r d i z e d . 
The r e l a t i v e l y simple t e x t u r a l l e g 
end used i n the Homestead quadrangle 
seemed adequate, however, f o r t h a t 
p a r t i c u l a r a r e a . 

An a d d i t i o n a l breakdown o f map 
u n i t s i s n e c e s s a r y i n order to f a c i 
l i t a t e the i n t e r p r e t a t i o n o f s t r a -
t i g r a p h i c r e l a t i o n s h i p s and to d i s 
t i n g u i s h e s s e n t i a l d i f f e r e n c e s be
tween m a t e r i a l s o f t h e same p r e 
dominant t e x t u r e . Map u n i t s of the 
same t e x t u r e , and t h e r e f o r e t h e 
same c o l o r , but of d i f f e r e n t o r i g i n 
or s t r a t i g r a p h i c p o s i t i o n , are d i s 
t i n g u i s h e d by d i f f e r e n t l e t t e r sym
b o l s and by p r i n t p a t t e r n s . T h i s 
t y p e of map p r e s e n t a t i o n f o r en
g i n e e r s d i f f e r s from the t r a d i t i o n a l 
g e o l o g i c map o n l y i n t h e u s e o f 
s i m i l a r c o l o r s for s i m i l a r t e x t u r e s 
or l i t h o l o g i e s , i n s t e a d of s i m i l a r 
c o l o r s for s i m i l a r g e o l o g i c ages. 

The t h r ee-dimensional q u a l i t y of 
t h e map was h a n d l e d by a d o p t i n g 
d i r e c t l y s e v e r a l f e a t u r e s l o ng em
p l o y e d i n German g e o l o g i c mapping. 
A mappable a r e a t h a t i s c h a r a c t e r -

* B e l c h e r , D. J . , " E n g i n e e r i n g S i g n i f i 
cance o f S o i l P a t t e r n s , " P r o e e e J i n g * . High
way Research Board, V o l . 23, 1943. 
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i z e d by one type of m a t e r i a l mantl
i n g a n o t h e r i s shown by a s t r i p e d 
c o l o r p a t t e r n c o m b i n i n g t h e two 
c o l o r s employed to s y m b o l i z e the 
two m a t e r i a l s . Thus, a t h i n sand 
m a n t l e o v e r l y i n g g l a c i a l t i l l i s 
v i s u a l l y s u g g e s t e d by a s t r i p e d 
y e l l o w (sand) and green ( t i l l ) pat
t e r n . I n a d d i t i o n , the l e t t e r sym
bo l s of the two s o i l types i n d i c a t e 
t h i s s u p e r p o s i t i o n by b e i n g com
bined i n the manner of a f r a c t i o n , 
t h e symbol o f the upper m a t e r i a l 
over the symbol of the lower. Ab
b r e v i a t e d w e l l l o g s or s e c t i o n s 
m e a s u r e d i n t h e f i e l d were a l s o 
noted on the map i n o r d e r to g i v e 
a c l e a r e r p i c t u r e of r e l a t i v e t h i c k 
n e s s e s and d e p t h s o f m a t e r i a l s . 
T h i s was done by a s m a l l n o t a t i o n 
t h a t a g a i n r e s e m b l e s a f r a c t i o n . 
Each map u n i t and s o i l type was i n 
d i c a t e d by a l e t t e r and the sequence 
o f m a t e r i a l s e n c o u n t e r e d i n t h e 
w e l l a r e shown by the a p p r o p r i a t e 
l e t t e r s ranged c o r r e c t l y i n v e r t i 
c a l o r d e r and s e p a r a t e d by s h o r t 
h o r i z o n t a l l i n e s . The t h i c k n e s s of 
each m a t e r i a l i s shown to the r i g h t 
o f the small l e t t e r symbols. These 
n o t a t i o n s s h o u l d prove a d e f i n i t e 
a i d to the e n g i n e e r i n h e l p i n g him 
form an idea o f f o u n d a t i o n m a t e r i 
a l s . I t would seem a d v i s a b l e t o 
r e c o r d t h i s s o r t of data as d e n s e l y 
a s i s c o m p a t i b l e w i t h t h e l e g i 
b i l i t y of the map. 

Sand and g r a v e l p i t s a r e shown 
on the Homestead map by s o l i d r e d 
c i r c l e s r a t h e r than by the i n c o n -
s p i c i o u s c o n v e n t i o n a l symbol o f the 
b l a c k c r o s s e d s h o v e l s . D e p o s i t s of 
p o t e n t i a l c o n s t r u c t i o n m a t e r i a l s 
are s i m i l a r l y i n d i c a t e d by b r i g h t l y 
c o l o r e d symbols which are e x p l a i n e d 
i n the lengend. 

The r e p o r t t h a t accompanies the 
map i s a r r a n g e d i n t a b u l a r form. 
The map u n i t s a r e d e s c r i b e d under 
t h e f o l l o w i n g h e a d i n g s : 1) t h e 
t e x t u r a l and l i t h o l o g i c c l a s s i f i 
c a t i o n ; 2) d i s t r i b u t i o n and t h i c k 
ness; 3) t e r r a i n and n a t u r a l s l o p e s ; 

4 ) s t a b i l i t y (both u n d i s t u r b e d and 
r eworked) and the p r o b a b l e f r o s t -
heaving c h a r a c t e r i s t i c s ; 5) d r a i n 
age and p e r m e a b i l i t y ; 6 ) w o r k a b i 
l i t y ; 7) use i n h i g h w a y s , and as 
c o n s t r u c t i o n m a t e r i a l ; and A) the 
p e d o l o g i c s o i l s e r i e s e q u i v a l e n t . 
Because of space l i m i t a t i o n s neces
s i t a t e d by the f o l i o format, only a 
b r i e f paragraph was devoted to each 
map u n i t under the above headings. 
The s o i l d e s c r i p t i o n and p r o p e r t i e s 
were m a i n l y e m p i r i c a l q u a l i t a t i v e ^ 
j u d g m e n t s by t h e w r i t e r , and no 
s o i l t e s t s were made i n t h i s study. 
Although i t i s r e c o g n i z e d t h a t some 
l o c a l v a r i a t i o n i n t e x t u r e and 
p h y s i c a l p r o p e r t i e s may occur w i t h 
i n t h e map u n i t s , t h e p h y s i c a l 
c h a r a c t e r i s t i c s d e s c r i b e d a r e pro
bably v a l i d for the u n i t as a whole. 
T h e f a c t t h a t t h e g e o l o g i c map 
u n i t s more or l e s s conform to pedo
l o g i c s o i l u n i t s i s o f e s p e c i a l 
s i g n i f i c a n c e to the u s e f u l n e s s o f 
t h e map f o r highway e n g i n e e r i n g . 
I n e x p l a i n i n g the term " e n g i n e e r i n g 
p e d o l o g y , " B e l c h e r ^ w r o t e : "Re
g a r d l e s s o f geographic d i s t r i b u t i o n , 
s o i l s developed from s i m i l a r parent 
m a t e r i a l s under the same c o n d i t i o n s 
o f c l i m a t e and r e l i e f a r e r e l a t e d ^ 
and w i l l have s i m i l a r e n g i n e e r i n g 
p r o p e r t i e s which i n comparable po
s i t i o n s w i l l p r e s e n t common con
s t r u c t i o n problems and produce l i k e 
pavement performance." 

I t i s e v i d e n t t h a t an e n g i n e e r 
i n g g e o l o g i c s t u d y o f a t y p e sug
g e s t e d by the Homestead quadrangle 
does not e l i m i n a t e the need for de
t a i l e d f o u n d a t i o n i n v e s t i g a t i o n . 
E a c h s t r u c t u r e c a r r i e s w i t h i t a 
s e r i e s of f o u n d a t i o n problems s u f 
f i c i e n t l y unique to r e n d e r impos
s i b l e a n y t h i n g but a p r e s e n t a t i o n 
of more or l e s s g e n e r a l i z e d i n f o r 
mation on a map o f t h i s t y p e . The 

B e l c h e r , D. J . , " E n g i n e e r i n g S i g n i f i 
cance o f S o i l P a t t e r n s , " Proceedings, High
way Research Board, V o l . 23. 1943. 
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g r e a t e s t u s e f u l n e s s o f the e n g i n 
e e r i n g g e o l o g i c map i s i n p l a n n i n g 
and i n p r e l i m i n a r y s i t e s t u d i e s . 
F u r t h e r r e f i n e m e n t s o f the map are 
o b v i o u s l y i n d i c a t e d , a l t h o u g h i n 
i t s p r e s e n t s t a t e i t answers a num

b e r o f e n g i n e e r i n g q u e s t i o n s . 
A d d i t i o n a l mapping w i l l l e a d t o a 
wider i n t e r e s t i n t h i s type o f work 
and improved forms o f map p r e s e n 
t a t i o n . 
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AN ENGINEERING GROUPING OP 

NEW YORK STATE SOILS 

EARL F. BENNETT, Principal Soils Engineer 

AND 
GECSIGE W. McALPIN, A s s o c i a t e S o i l s E n g i n e e r 

Bureau of Soil Uechanica 
New York State Department of Public Works 

SYNOPSIS 
D a r i n g t h e p a s t y e a r t h e Bureau o f S o i l Mechanics has pr e p a r e d f o r t h e New 

York S t a t e D e partment o f P u b l i c Works e n g i n e e r i n g s o i l maps f o r c u r r e n t p r o 
j e c t s c o v e r i n g a t o t a l o f 3,360 square m i l e s . T h i s paper p r e a e n t s the e n g i n e e r i n g 
s o i l g r o u p i n g used i n New York S t a t e , t h e development o f s o i l maps, and t h e a p p l i 
c a t i o n o f the naps as a i d s i n p r e s e n t i n g s o i l i n f o r m a t i o n f o r highway d e s i g n and 
c o n s t r u c t i o n . 

The e n g i n e e r i n g g r o u p i n g o f New York S t a t e s o i l s i s based upon t h e f o l l o w i n g : 
1. The d i v i s i o n o f t h e s t a t e i n t o i t s p h y s i o g r a p h i c p r o v i n c e s w i t h analyses o f 
th e g e o l o g i c h i s t o r y , t o c o g r a p h y , s o i l , r o c k s , and highway problems a s s o c i a t e d 
w i t h each p r o v i n c e . 
2. A g r o u p i n g o f the s o i l s on t h e b a s i s o f t h e i r d e p o s i t i o n , p a r e n t m a t e r i a l , 
s o i l and r o c k p r o f i l e , l a n d form and d r a i n a g e c h a r a c t e r i s t i c s as these f a c t o r s 
a f f e c t highway problema. 

The e n g i n e e r i n g s o i l maps a r e p r e p a r e d t o show t h e a r e a l d i s t r i b u t i o n o f 
s o i l s t o be encountered i n the p a r t i c u l a r r e g i o n . The maps a r e assembled on t h e 
b a s i s o f e x i s t i n g s o i l and g e o l o g i c i n f o r m a t i o n and w i t h t h e a i d o f a e r i a l p h o to
graphs. S o i l d e p o s i t s , a r e grouped as g l a c i a l and p o s t - g l s c i a l and are f u r t h e r 
d i v i d e d i n t o g l a c i a l i c e d e p o s i t s , g l a c i a l stream d e p o s i t s , g l a c i a l l a k e d e p o s i t s , 
g l a c i a l marine d e p o s i t s , weathered bed r o c k s , r e c e n t stream d e p o s i t s and o r g a n i c 
d e p o s i t s . The g r o u p i n g a t t h e p r e s e n t t i m e c o n s i s t s o f t h e f o l l o w i n g : t h i c k 
t i l l , t h i n t i l l , d r u m l i n s , m a j o r m o r a i n e s , outwasb, kame f i e l d s , e s k e r s , l a k e 
b o t t o m aediments, d e l t a s , b a r s and beaches, marine b o t t o m s e d i m e n t s , r e s i d u a l , 
a l l u v i a l , muck and pe a t , meadow, and muck over m a r l . 

Hie e n g i n e e r i n g s o i l maps form a p a r t o f b o t h the p r e l i m i n a r y and f i n a l s o i l 
r e p o r t f o r e a c h p r o j e c t and c o n s t i t u t e a b a s i s f o r t h e p l a n n i n g , c o n t r o l aid 
r e v i e w o f s o i l work i n the deaign and c o n s t r u c t i o n o f highways. 

For many y e a r s . S o i l s E n g i n e e r s they e x i s t b e c a u s e o f t h e i r p a s t 
have r e l i e d almost e x c l u s i v e l y upon h i s t o r y h a s l e d to the u s e o f the 
d e t a i l e d b o r i n g s f o r the development area c o n c e p t o f s o i l s i n New York 
of s o i l c o n d i t i o n s and the e x t e n t o f S t a t e . 
v a r i o u s s o i l p r o f i l e s i n connection T h i s paper p r e s e n t s the r e s e a r c h 
w i t h e n g i n e e r i n g p r o j e j : t s . L i t t l e i& s o i l and l e d g e c o n d i t i o n s en-
a t t e n t i o n has been given to the p a s t volved i n the development o f engin-
h i s t o r y o f the a r e a b e i n g i n v e s t i - e e r i n g s o i l maps on an a r e a b a s i s 
gated or to the g e n e r a l c h a r a c t e r - i n c o n n e c t i o n w i t h t h e s o i l work 
i s t i c s of the s o i l p r o f i l e t h a t may f o r t h e d e s i g n and c o n s t r u c t i o n o f 
be common to s o i l s i n o t h e r a r e a s . highways. T h i s development has r e -
The b r o a d v i e w p o i n t o f s o i l s a s q u i r e d an a r e a grouping of s o i l i n -
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formation governed both by s o i l con
d i t i o n s and h i g h w a y e n g i n e e r i n g 
p r a c t i c e . The area concept of s o i l s 
i n i t s broad a s p e c t i s a v a l u a b l e 
a i d t o the S o i l s E n g i n e e r i n the de
velopment of r e g i o n a l s o i l b ehavior, 
e n g i n e e r i n g p r a c t i c e s and the p e r 
formance o f e n g i n e e r i n g s t r u c t u r e s . 
I t has a s p e c i a l a p p l i c a t i o n to the 
p r a c t i c e o f s o i l s e n g i n e e r i n g f o r 
h i g h w a y s . T h i s c o n c e p t o f s o i l s 
depends upon the g e o l o g i c a l h i s t o r y 
o f the s o i l d e p o s i t , the manner i n 
which i t was d e p o s i t e d * the m a t e r i a l 
from which i t was d e r i v e d , and the 
weathering p r o c e s s e s to which i t has 
been s u b j e c t e d by e r o s i o n ; drainage, 
m e c h a n i c a l d i s i n t e g a t i o n and chem
i c a l r e a c t i o n i n the development of 
t h e s o i l p r o f i l e and t h e s u r f a c e 
topography o f the d e p o s i t . The r e 
l a t i o n s h i p o f a d j a c e n t s o i l a r e a s 
r e p r e s e n t e d by a s o i l s e r i e s from 
the same p a r e n t m a t e r i a l s u b j e c t e d 
t o e r o s i o n , w e a t h e r i n g , d r a i n a g e , 
and o t h e r c l i m a t i c c o n d i t i o n s i s 
shown by the a r e a concept. 

The d e t e r m i n a t i o n o f whether 
t h e l a n d forms a s s e e n t o d a y a r e 
c o n t r o l l e d by the d e p o s i t i o n o f the 
s o i l from t h e g l a c i e r o r by t h e 
u n d e r l y i n g bed rock adds to the i n 
formation which i s a v a i l a b l e to the 
e n g i n e e r from a s t u d y o f a r e a s o i l 
c oncepts. 

Area concept of s o i l s p r o v i d e s 
a background on w h i c h t o b a s e the 
d e t a i l e d s o i l s t u d i e s , so t h a t more 
i n f o r m a t i o n i s a v a i l a b l e t o t h e 
engineer i n i n t e r p r e t i n g the s u b s o i l 
i n v e s t i g a t i o n f o r t h e p u r p o s e s o f 
t h e d e s i g n o f t h e e n g i n e e r i n g 
s t r u c t u r e . I t i s the o p i n i o n of the 
a u t h o r s t h a t more m u t u a l u n d e r 
s t a n d i n g between t h e b e h a v i o r o f 
s o i l s i n d i f f e r e n t a r e a s o f t h e 
country w i l l r e s u l t from the use o f 
t h e a r e a s o i l c o n c e p t a s a b a s i s 
f o r d e t a i l e d s o i l work and the per
formance of e n g i n e e r i n g s t r u c t u r e s . 

GEOLOGT OF NEV YOUL 
New York S t a t e has an a r e a o f 

49,170 square m i l e s i n c l u d i n g 1550 
s q u a r e m i l e s o f w a t e r . The s t a t e 
has been covered by m u l t i p l e g l a c i a l 
i c e a d v a n c e s l e a v i n g t h e e n t i r e 
S t a t e g l a c i a t e d e x c e p t f o r a s m a l l 
s e c t i o n i n the southwestern p l a t e a u . 
The average e l e v a t i o n of the s t a t e 
i s about 900 f e e t above s e a l e v e l 
w i t h a maximum o f 5344 f e e t a t 
Mount Marcy i n E s s e x County i n t h e 
Adirondacks. 

G e o l o g i s t s have d i v i d e d t h e 
s t a t e i n t o w e l l d e f i n e d p h y s i o 
g r a p h i c p r o v i n c e s . The a u t h o r s 
have modified these p r o v i n c e s some
what to f i t the r e g i o n a l s o i l con
d i t i o n s o f the s t a t e . Wide v a r i 
a t i o n o f s o i l and g e o l o g i c a l con
d i t i o n s make i t n e c e s s a r y to d i v i d e 
t h e s t a t e i n t o i t s p h y s i o g r a p h i c 
p r o v i n c e s to f a c i l i t a t e the a n a l y s i s 
o f s o i l c o n d i t i o n s and the r e l a t e d 
highway problems. I n New York the 
p r o v i n c e s a r e r o u g h l y i n d i c a t e d by 
d i f f e r e n c e s i n e l e v a t i o n a s shown 
i n F i g u r e 1. The f o l l o w i n g de
s c r i p t i o n of the p r o v i n c e s a l s o r e 
f e r s to F i g u r e 1. 
S o u t h w e s t e r n p Z a t e a u T h i s i s t h e 
l a r g e s t c l e a r l y d e f i n e d p r o v i n c e i n 
the s t a t e , c o v e r i n g about o n e - t h i r d 
o f the t o t a l a r e a . I t c o n t a i n s un
a l t e r e d sediments of Devonian r o c k s 
which a r e predominantly s h a l e s and 
c o n t a i n some s a n d s t o n e s and con
glomerates. Only minor d i s t u r b a n c e s 
h a v e o c c u r r e d i n t h e form o f a 
s l i g h t t i l t t o the south or s o u t h 
west of 20 to 30 f e e t to the m i l e . 
Major r e l i e f i s a f f o r d e d by n o r t h -
south t r e n d i n g v a l l e y s t h a t , d u r i n g 
g l a c i a l t i m e s , s e r v e d b o t h a s 
d r a i n a g e c h a n n e l s f o r the f l o w o f 
melt-waters and as b a s i n s f o r ponded 
l a k e s . The s o i l s i n t h e s e v a l l e y s 
v a r y from a s s o r t e d g r a n u l a r de
p o s i t s t h a t o c c u r a s kames, kame 
t e r r a c e s , and outwash, to t h e l a -
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F i g u r e 1. E l e v a t i o n Map of New York S t a t e 
showing P h y s i o g r a p h i c P r o v i n c e s 

c u s t r i n e f i n e s a n d s and s i l t s . 
W h i l e t h e g l a c i a l h i s t o r y o f t h e 
v a l l e y s i s v e r y complex, the s e 
quence of d e p o s i t i o n can u s u a l l y be 
determined w i t h i n s m a l l a r e a s w i t h 
t h e a c c u r a c y r e q u i r e d to i d e n t i f y 
the g e n e r a l 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 of the d e p o s i t s . 

The s o i l s o f the u p l a n d s a r e 
predominantly g l a c i a l t i l l i n o r i g i n 
and a r e u s u a l l y u n d e r l a i n a t s h a l l o w 
depth by bedrock. They a r e mainly 
s i l t s w i t h a v a r y i n g percentage of 
r o c k f r a g m e n t s d e r i v e d from t h e 
n a t i v e b e d r o c k . A m a j o r m o r a i n e 
c r o s s e s t h e p r o v i n c e i n an e a s t -
west d i r e c t i o n , which, b e c a u s e o f 
i t s s o i l p r o f i l e c h a r a c t e r i s t i c s 
and t o p o g r a p h i c e x p r e s s i o n , o f f e r s 
p a r t i c u l a r e n g i n e e r i n g problems. 

£rie-Ontorio P Z a i n s T h i s p r o v i n c e 
p r o v i d e s the e a s t - w e s t r o u t e s f o r 
a l l u p - s t a t e New York t r a n s p o r t a t i o n . 
The o r i g i n a l C l i n t o n ' s D i t c h , the 
o l d E r i e C a n a l , the p r e s e n t Barge 
Canal, the New York C e n t r a l R a i l r o a d 
main l i n e , and the new Thruway, now 
under c o n s t r u c t i o n , a l l t r a v e r s e 
t h i s p r o v i n c e . 

The e n t i r e p r o v i n c e i s one of 
low r e l i e f w i t h a p r o m i n e n t e s 
c a r p m e n t m a r k i n g i t s s o u t h e r n 
boundary and hundreds o f e l o n g a t e d 
g l a c i a l h i l l s o r d r u m l i n s i n the 
s e c t i o n b e t w e e n R o c h e s t e r a nd 
Sy r a c u s e . 

The a r e a was f l o o d e d f o r a 
c o n s i d e r a b l e p e r i o d o f t i m e by a 
l a r g e g l a c i a l l a k e w h ich, i n i t s 
c o n t r a c t e d form, c o n s t i t u t e s the 
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present-day Lakes E r i e and O n t a r i o . 
T h i s l a k e was s u p e r i m p o s e d on an 
ar e a c o n s i s t i n g o f g l a c i a l t i l l s and 
g l a c i a l s t r e a m d e p o s i t s . I t s o c 
c u r r e n c e m o d i f i e d and a l t e r e d the 
p r e v i o u s l y d e p o s i t e d s e d i m e n t s t o 
such an e x t e n t t h a t the p r e s e n t s o i l 
p a t t e r n i s yery complex. D i f f i c u l t y 
i s encountered i n grouping the s o i l s 
o f t h i s a r e a and many b o r d e r l i n e 
c a s e s e x i s t . 

St. Lawrence Lowland T h i s lowland 
a r e a b o r d e r s the p r e s e n t r i v e r and 
h a s i n t h e p a s t been v i s i t e d by 
b o t h g l a c i a l and m a r i n e w a t e r s . 
Most o f the a r e a i s u n d e r l a i n a t 
s h a l l o w d e p t h s by l i m e s t o n e o f 
O r d o v i c i a n age w i t h some Cambrian 
s a n d s t o n e . Deep d e p o s i t s o f s i l t 
and c l a y e x i s t o v e r a p o r t i o n o f 
t h i s a r e a . 
Adirondack f o u n t a i n s These mount
a i n s a r e t h e h i g h e s t i n the S t a t e 
and a r e composed o f i g n e o u s r o c k 
i n j e c t e d i n t o h i g h l y metamorphosed 
pre-Cambrian sediments. 

The g l a c i a l t i l l e n c o u n t e r e d 
i s sandy, and c r y s t a l l i n e c o b b l e s 
and b o u l d e r s a r e t h e r u l e . Deep 
swamps are common. 

Tug Hill T h i s a r e a i s a p l a t e a u 
s e p a r a t e d from t h e A d i r o n d a c k s by 
t h e B l a c k R i v e r . I t c o n s t i t u t e s 
a n o u t l i e r o f t h e S o u t h w e s t e r n 
P l a t e a u and i s composed o f n e a r l y 
h o r i z o n t a l l y b e dded O r d o v i c i a n 
l i m e s t o n e and s h a l e s and S i l u r i a n 
s a n d s t o n e s . B e c a u s e o f t h e more 
f a v o r a b l e t o p o g r a p h y a r o u n d t h i s 
a r e a , i t i s n o t c r o s s e d by any 
main highway. 
Uohawk Valley T h i s v a l l e y p r o 
v i d e s t h e l o w l a n d c o n n e c t i o n be
tween the E r i e - O n t a r i o p l a i n s and 
the Hudson R i v e r . I t was a major 
d r a i n a g e w a y i n g l a c i a l t i m e s and 
immense g r a n u l a r d e p o s i t s now occ u r 
a l o n g the v a l l e y w a l l s i n the form 
o f o u t w a s h t e r r a c e s . I n t h e 
b o r d e r i n g u p l a n d s t h e r e a r e l a r g e 

a r e a s o f s i l t and c l a y t h a t were 
d e p o s i t e d i n h i g h - l e v e l g l a c i a l 
l a k e s . The r i v e r - f l a t s a r e deep 
v a l l e y - f i l l w i t h a wide v a r i a t i o n 
on s o i l c h a r a c t e r i s t i c s and p r o f i l e . 
Catskill Mountains These mountains 
were formed by the deep d i s s e c t i o n 
o f a h i g h p l a t e a u a r e a . The bed
rock i s n e a r l y h o r i z o n t a l l y bedded 
Devonian r o c k s , c o n s i s t i n g c h i e f l y 
o f s a n d s t o n e s and c o n g l o m e r a t e s . 
V a l l e y type of g l a c i a t i o n i s common 
wi t h numerous s m a l l moraines, d e l t a s , 
and outwash f a n s . L o c a l i z e d g l a c i a l 
l a k e s r e s u l t e d i n d e p o s i t s o f s i l t 
a n d c l a y t h a t a r e e s p e c i a l l y 
troublesome i n highway c o n s t r u c t i o n . 

Hudaon-Chanplain Lowlands T h e 
Hudson. V a l l e y c o m p l e t e s t h e wa t e r 
l e v e l r o u t e from New York C i t y to' 
B u f f a l o . The p r o v i n c e a s a whole 
r e p r e s e n t s a number of d i s t i n c t topo
g r a p h i c f e a t u r e s t h a t have been con
s i d e r e d a s a u n i t a s a m a t t e r o f 
c o n v e n i e n c e . A prominent f e a t u r e 
o c c u r s i n the southern p o r t i o n of the 
province where an a r e a o f c r y s t a l l i n e 
rock, known as the Hudson Highlands, 
i n t e r r u p t s the lowlands. 

I t i s known t h a t marine waters 
have e x i s t e d i n both the Champlain 
V a l l e y and i n the southern p o r t i o n of 
the Hudson V a l l e y , but the e x t e n t o f 
the d e p o s i t s r e s u l t i n g from t h e s e 
waters has not been d e f i n e d . Another 
f e a t u r e d s o i l a r e a i s the e x t e n s i v e 
sand p l a i n s e x i s t i n g i n the Schenec
tady-Saratoga a r e a which was dep o s i 
te d by g l a c i a l waters from the Mohawk 
V a l l e y . The t h i c k n e s s of t h i s de
p o s i t d e c r e a s e s w i t h the d i s t a n c e 
from the i n t e r s e c t i o n of the Mohawk 
and Hudson lowland and becomes absent 
south o f Albany where the u n d e r l y i n g 
varved s i l t s and c l a y s a r e exposed. 
I t i s t h e s e c l a y s t h a t p r e s e n t the 
major e n g i n e e r i n g d e s i g n and con
s t r u c t i o n problem of the p r o v i n c e . 
Taconic Uplands The high l a n d s along 
the e a s t e r n border of the s t a t e a r e 
a p a r t o f t h e T a c o n i c M o u n t a i n s . 



The r o c k s are i n t e n s e l y f o l d e d and 
a r e c o m p r i s e d o f m e t a m o r p h o s e d 
s h a l e s , s a n d s t o n e s and l i m e s t o n e s . 
I n g e n e r a l , the s o i l s a r e t h i n and 
prominent g l a c i a l d e p o s i t s are con
f i n e d t o t h e major d r a i n a g e w a y s . 
The i d e n t i f i c a t i o n o f the type o f 
u n d e r l y i n g bedrock and i t s s t r u c t u r a l 
c h a r a c t e r i s t i c s a r e o f importance i n 
d e s i g n and c o n s t r u c t i o n c o n s i d e r 
a t i o n s . 

l o n g Island T h i s p r o v i n c e i s e s s 
e n t i a l l y a complex g l a c i a l t e r m i n a l 
p l a i n t o t h e s o u t h . The l a t t e r 
s l o p e s v a r y g r a d u a l l y down toward 
the ocean. The s o i l s a re predomi
n a n t l y sands and g r a v e l s . 

ENGINEERING GROUPING OF SOILS 
The d i v i s i o n of the s o i l s of an 

a r e a i n t o groups i s extremely d i f f -
c u l t . I f a v e r y broad grouping i s 
d e s i r e d , b o r d e r l i n e c a s e s c o n s t a n t 
l y o c c u r . I f i t i s i n t e n d e d t h a t 
the grouping w i l l p r o v i d e d e t a i l e d 
s o i l i d e n t i f i c a t i o n i t w i l l be 
f o u n d t h a t t h e number o f g r o u p s 
w i l l c o n t i n u e t o i n c r e a s e as add
i t i o n a l d a t a i s o b t a i n e d . I t has 
been found d e s i r a b l e to group the 
s o i l s of New York S t a t e on a broad 
b a s i s and to s u b d i v i d e t h i s group
i n g o n l y a f t e r an a c c u m u l a t i o n o f 
d a t a i n d i c a t e s t h a t such a subdiv
i s i o n i s a b s o l u t e l y n e c e s s a r y . The 
d e t a i l e d i d e n t i f i c a t i o n of s o i l s i s 
n o t i n c l u d e d i n t h e are« grouping 
and i s made on l y a f t e r borings and 
s a m p l e s have been a n a l y z e d f o r a 
p r o j e c t . 

The s o i l g r o u p i n g now u s e d 
g i v e s c o n s i d e r a t i o n to many f a c t o r s 
o f s o i l and bedrock h i s t o r y , topo
graphy, d r a i n a g e , and s o i l p r o f i l e s ; 
however, each d i v i s i o n w i t h i n the 
g r o u p i n g must e x h i b i t i n d i v i d u a l 
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 t h a t 
d i s t i n g u i s h i t from other d i v i s i o n s . 
No compromises a r e made w i t h t h i s 
l a s t p r o v i s i o n . 

The d e s i g n a t i o n o f each group 
employs g e o l o g i c t e r m i n o l o g y and 

r e f l e c t s p r i m a r i l y the mode of d i s 
p o s i t i o n of the formation. The de
t a i l s of the grouping a r e shown i n 
F i g u r e 2 and t h e c h a r a c t e r i s t i c s 
p e c u l i a r t o each d i v i s i o n a r e d i s 
cussed below: 

ENGINEERING GROUPING 
NEW YORK SOILS 

mmm 
i 

msm. 

f ' f ' • 

F i g u r e 2. E n g i n e e r i n g Grouping 
o f New York S o i l s 

Thick Glacial Till These s o i l s were 
d e p o s i t e d as g l a c i a l d r i f t and have 
assumed a wavy or s l i g h t l y hummocky 
l a n d form. T h e i r t e x t u r a l compo
s i t i o n v a r i e s w i d e l y from one area 
t o a n o t h e r , but i n g e n e r a l , con
s i s t s o f an u n a s s o r t e d m i x t u r e of 
s o i l s w i t h a predominance of s i l t . 
Cobbles and boulders are common and 
i n t e r n a l drainage i s moderate. Ex
c a v a t i o n s i n these d e p o s i t s may en
counter troublesome wet s i l t pockets 
t h a t w i l l r e q u i r e underdrainage or 
s p e c i a l h a n d l i n g . I n g e n e r a l , the 
m a t e r i a l i s s u i t a b l e for embankments; 
however, i n the Southwestern P l a t e a u 
province, the m a t e r i a l often c o n t a i n s 
a s u f f i c i e n t q u a n t i t y of 1arge s l a b -
by p i e c e s of s h a l e 'to make compac
t i o n o p e r a t i o n s and c o n t r o l d i f f 
i c u l t . 
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Thin Glacial Till A d i s t i n c t i o n i s 
made i n t h e t h i c k n e s s o f g l a c i a l 
t i l l d e p o s i t s p r i m a r i l y because o f 
the i m p o r t a n c e i n e n g i n e e r i n g de
s i g n o f the depth t o bedrock. The 
t h i n t i l l s a r e predominantly s i l t s 
w i t h v a r y i n g p e r c e n t a g e s o f f r a g 
ments of the u n d e r l y i n g bedrock and 
l i t . t l e f o r e i g n g r a v e l i s encountered. 
The t o p o g r a p h y i n t h e s e a r e a s i s 
c o n t r o l l e d by the n e a r n e s s o f bed
rock, the type o f rock and the i n 
c l i n a t i o n o f t h e b e d d i n g p l a n e s . 
The u n i f o r m i t y of subgrade i n c u t s 
must be c h e c k e d and s p e c i a l a t t 
e n t i o n g i v e n to the a r e a o f t r a n s -
s i t i o n from c u t t o f i l l . Under-
d r a i n a g e w i l l be r e q u i r e d a t many 
s i t e s to i n t e r c e p t flow a l o n g the 
s u r f a c e and bedding p l a n e s o f the 
rock. 

D r u m l i n s D r u m l i n s a r e e l o n g a t e d , 
c i g a r - s h a p e d h i l l s , composed of com
p a c t u n a s s o r t e d t i l l t h a t has been 
o v e r r i d d e n by t h e g l a c i a l i c e . 
T h e y o c c u r a s t h e m a j o r r e l i e f 
f e a t u r e i n a p a r t o f t h e E r i e -
O n t a r i o P l a i n s P r o v i n c e and f o r 
t h i s r e a s o n a r e o f e n g i n e e r i n g im
p o r t a n c e a s a s o u r c e o f common 
borrow. They a r e given s p e c i a l de
s i g n a t i o n w i t h i n the gr o u p i n g be
cause of t h e i r topographic form. 

Major Moraines The s o i l s found i n 
the major moraines of New York con
s i s t of a s s o r t e d g r a n u l a r m a t e r i a l s . 
The p e r c e n t a g e o f f i n e s c o n t a i n e d 
i n the s o i l s v a r i e s c o n s i d e r a b l y . 
Some d e p o s i t s c o n s i s t o f a c c e p t a b l e 
f o u n d a t i o n c o u r s e g r a v e l w h i l e 
other have more of the c h a r a c t e r i s 
t i c s of an a s s o r t e d t i l l because of 
the high percentage of f i n e m a t e r i a l . 
The moraines appear as d i s c o n t i n u 
o u s , smooth to s l i g h t l y hummocky 
r i d g e s and are made a s e p a r a t e d i v 
i s i o n i n t h e g r o u p i n g b e c a u s e o f 
t h i s s p e c i a l t o p o g r a p h i c form. I n 
g e n e r a l , t h e m a t e r i a l s a r e o n l y 
medium compact, and i n many c a s e s 
p o c k e t s o f wet f i n e sand and s i l t 

a r e encountered. 

Ontwaah The i d e n t i f y i n g l a n d form 
o f g l a c i a l ontwash i s a smooth t o 
p i t t e d p l a i n t h a t g r a d u a l l y s l o p e s 
down-valley as v a l l e y - w a l l t e r r a c e s . 
The d e p o s i t s c o n s i s t o f c l e a n hor-
i s o n t a l l y s t r a t i f i e d sand and g r a v e l 
and u s u a l l y o f f e r the b e s t s o u r c e 
o f r u n - o f - b a n k g r a v e l . However, 
some s i t e s a r e unacceptable because 
o f the predominance o f sand. I n a 
few a r e a s o f the S t a t e , the percen
tage o f s h a l e g r a v e l i s an important 
c o n s i d e r a t i o n . 

Kane Field T h i s c l a s s i f i c a t i o n i s 
used to encompass a l l g l a c i a l stream 
d e p o s i t s o t h e r t h a n Outwash and 
E s k e r . Such d e p o s i t s are i d e n t i f i e d 
i n the f i e l d by t h e i r c h a r a c t e r i s t i c 
knob and sag topography. They con
s i s t of roughly s t r a t i f i e d sand and 
g r a v e l w i t h o c c a s i o n a l p o c k e t s or 
s t r a t a o f s i l t . They r e p r e s e n t a 
l i k e l y s ource of run-of-bank g r a v e l 
but must be c a r e f u l l y e x p l o r e d be
cause of wide v a r i a t i o n s i n t e x t u r e . 

Esker G l a c i a l d e p o s i t s formed by 
i c e - w a l l e d s t r e a m s w h i c h f l o w e d 
e i t h e r i n canyons c u t i n stagment 
i c e o r s u b - g l a c i a l t u n n e l s a r e 
t e r m e d e s k e r s . T h e y a r e l o n g , 
narrow, s t e e p - s i d e d r i d g e s and a r e 
almost t r i a n g u l a r i n c r o s s - s e c t i o n . 
E s k e r s c o n s i s t g e n e r a l l y o f sand, 
g r a v e l , and c o b b l e s . They a r e us
u a l l y a source o f run-of-bank g r a v e l 
and a l w a y s an e x c e l l e n t s o u r c e of 
s e l e c t borrow. 

Bottom Sediments Those s o i l depos
i t s l a i d down i n g l a c i a l l a k e s a r e 
r e f e r r e d t o as Bottom S e d i m e n t s . 
The topography i s l e v e l to hummocky 
w i t h f r e q u e n t deep d i s e c t i o n by 
modern s t r e a m s . I n t h e Hudson-
C h a m p l a i n v a l l e y s , t h e C a t s k i l l 
M o u n t a i n s and the u p l a n d s o f t h e 
Mohawk a r e a , these d e p o s i t s c o n s i s t 
of v a r v e d s i l t s and c l a y s . I n the 
S o u t h w e s t e r n P l a t e a u t h e y a r e i n 



61 

g e n e r a l s t r a t i f i e d f i n e sand and 
s i l t , and, i n t h e E r i e - O n t a r i o 
P l a i n s , they a r e predominantly s i l t s . 
I t i s t h i s group o f s o i l s t h a t p r e 
s e n t the most troublesome engineer
i n g p r o b l e m s . T h e i r s h e a r i n g 
s t r e n g t h and c o n s o l i d a t i o n c h a r a c 
t e r i s t i c s must be d e t e r m i n e d when 
they a r e to s e r v e as embankment found
a t i o n s ; as m a t e r i a l f o r embankments 
they are r a t e d from poor to u n s u i t 
able; c a t - s l o p e s must be give n spec
i a l a t t e n t i o n t o p r e v e n t s e v e r e 
s l o u g h i n g and e r o s i o n . A high grade 
l i n e i s g e n e r a l l y recommended i n 
these a r e a s . 
Delta I n some s e c t i o n s o f the S t a t e , 
run-of-bank g r a v e l o c c u r s o n l y i n 
d e l t a s formed i n g l a c i a l l a k e s . 
These d e p o s i t s a r e r e c o g n i z e d i n the 
f i e l d by t h e i r smooth t o p i t t e d top 
and by the s t e e p s i d e s around t h e i r 
b o r d e r . The t e x t u r a l c o m p o s i t i o n 
o f t h e s e d e p o s i t s v a r i e s c o n s i d e r 
a b l y and may be predominantely s i l t 
or an a c c e p t a b l e q u a l i t y of g r a v e l . 
T h e m a t e r i a l s a r e s o r t e d and i n 
general e x h i b i t a h o r i z o n t a l s t r a t 
i f i c a t i o n i n the top beds and bottom 
beds with an i n c l i n e d s t r a t i f i c a t i o n 
i n the middle p o r t i o n s . 

Bors and Beaches Remnants o f g l a c 
i a l b a r s and beaches a r e found i n 
many l o c a t i o n s . They c o n s i s t o f a s 
s o r t e d sand and g r a v e l w i t h a p r e 
dominance o f s a n d . The b a r s a r e 
elongated r i d g e - l i k e land forms and 
the beaches appear as smooth s l i g h t l y 
s l o p i n g a r e a s . Both la n d forms r e 
p r e s e n t an e x c e l l e n t s o u r c e o f s e l 
e c t borrow and a r e c o n s i d e r e d good 
subgrade m a t e r i a l . 

Afarine fiottom ,Se<iiiBents D e p o s i t s 
l a i d down by marine w a t e r s c o n s i s t 
p r i m a r i l y of s i l t s and c l a y s and i n 
g e n e r a l do not e x h i b i t the c h a r a c 
t e r i s t i c v a r v e s t r u c t u r e o f t h e 
f r e s h water l a k e d e p o s i t s . The ma
t e r i a l s e x i s t a t a very high n a t u r a l 
m o i s t u r e c o n t e n t and a r e g r e a t l y 

a f f e c t e d by remolding . They appear 
i n the f i e l d as smooth, almost l e v e l 
p l a i n s and t h e i r t h i c k n e s s may be as 
g r e a t a s 100 f e e t . The same g e n e r a l 
e n g i n e e r i n g recommendations ho l d i n 
t h e s e a r e a s as f o r the bottom sed
iments d e p o s i t e d by g l a c i a l l a k e s . 

A e s i d u a l The s o i l s i n the s m a l l 
u n g l a c i a t e d a r e a i n the southwestern 
p l a t e a u are termed R e s i d u a l . These 
s o i l s v a r y i n t e x t u r e from sand to 
s i l t and c l a y . Bedrock i s u s u a l l y 
e n c o u n t e r e d a t a s h a l l o w d e p t h . 
The topography i s c o n t r o l l e d by the 
type and c h a r a c t e r i s t i c o f the un
d e r l y i n g bedrock and the 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 e d e p o s i t s 
a r e the same as those f o r the t h i n 
t i l l a r e a s . 
Alluvial M a t e r i a l s d e p o s i t e d by 
modern streams are termed a l l u v i a l . 
They are g e n e r a l l y found i n a f a i r 
l y l o o s e c o n d i t i o n , and a r e s i l t y 
w i t h o c c a s i o n a l l e n s e s of f i n e sand 
and g r a v e l . These d e p o s i t s r e p r e 
s e n t the smooth f l a t a r e a s a d j a c e n t 
to p r e s e n t streams and a r e i n some 
i n s t a n c e s t e r r a c e d . D u r i n g f i e l d 
e x p l o r a t i o n work i n t h e s e a r e a s , 
s p e c i a l a t t e n t i o n must be g i v e n t o 
t h e l o c a t i o n o f o l d ox bows and 
abandoned c h a n n e l s . I f s e r v i n g as 
foundation m a t e r i a l f o r embankments 
or s t r u c t u r e s , a c a r e f u l check must 
be made of the s t r e n g t h c h a r a c t e r 
i s t i c s o f t h e s e s o i l s . I n some 
a r e a s a l l u v i a l d e p o s i t s have been 
superimposed on p r e v i o u s muck a r e a s . 

Muck and Peat A l l d e p o s i t s r e p r e s 
e n t i n g an accumulation o f v e g e t a b l e 
matter a r e termed muck and peat and 
i t i s a l w a y s recommended t h a t such 
m a t e r i a l s be e x c a v a t e d beneath em
bankments. These d e p o s i t s occur as 
f l a t smooth s u r f a c e s and a high grade 
l i n e i s a l w a y s r e q u i r e d . I f t h e 
depth o f the m a t e r i a l i s e x c e s s i v e , 
s p e c i a l a n a l y s i s i s n e c e s s a r y t o 
d e t e r m i n e t h e most a d v a n t a g e o u s 
means of removal. 
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Meadow Those p o o r l y d r a i n e d a r e a s 
o c c u r i n g a s minor d e p r e s s i o n s i n 
c o m p a r a t i v e l y l e v e l topography and 
c o n t a i n i n g some o r g a n i c matter a r e 
termed meadow d e p o s i t s . I n general 
they r e p r e s e n t a drainage c o n d i t i o n 
r a t h e r than a deep a c c u m u l a t i o n of 
v e g e t a b l e m a t t e r . U n s u i t a b l e ma
t e r i a l i n such a r e a s i s always r e 
moved and the s t r u c t u r e of the under
l y i n g m a t e r i a l determined i f i t i s 
to s e r v e as an embankment foundation. 

Uuek over Marl I n numerous a r e a s o f 
the s t a t e , t h e r e a r e e x t e n s i v e dep
o s i t s of marl o v e r l a i d by vegetable 
muck. The m a r l i s g e n e r a l l y o f 
v e r y low s t a b i l i t y and r e p r e s e n t s 
an u n s u i t a b l e m a t e r i a l f o r highway 
c o n s t r u c t i o n . The g e n e r a l recomm
en d a t i o n i n such a r e a s i s t h a t the 
muck and m a r l be removed u n t i l a 
firm s t r a t a i s found f c r the p l a c e 
ment o f embankment m a t e r i a l s . Num
erous a r e a s w i l l r e q u i r e a d e t a i l e d 
a n a l y s i s f o r the adequate and econ
omic h a n d l i n g o f the problem. 

PRODUCTION OF AREA SOIL HAPS 

The a r e a c o n c e p t o f s o i l s i s 
b e s t p r e s e n t e d t o the e n g i n e e r i n 
map form u s i n g c o l o r s and symbols 
fo r the b a s i c grouping. The prep-
p a r a t i o n o f e n g i n e e r i n g s o i l maps 
i n c l u d e s the i d e n t i f i c a t i o n o f the 
s o i l d e p o s i t s as w e l l as the d e t e r 
m i n a t i o n o f t h e a r e a l e x t e n t o f 
t h e s e d e p o s i t s . For a s s i s t a n c e i n 
t h i s l a t t e r problem, r e f e r e n c e i s 
f i r s t made to the p e d o l o g i c a l maps 
p r e p a r e d by t h e S t a t e and F e d e r a l 
A g r onomists f o r a g r i c u l t u r a l pur-' 
poses. While the i d e n t i f i c a t i o n of 
t h e s o i l s on t h e s e maps i s n o t 
a c c e p t e d w i t h o u t v e r i f i c a t i o n , i t 
has been found t h a t i n g e n e r a l the 
s o i l boundaries have been thoroughly 
and a c c u r a t e l y determined. The use 
of t h e s e maps as a s t a r t i n g p o i n t 
has t h e a d d i t i o n a l advantage t h a t 
they are a t a s c a l e of approximately 
1 - i n c h t o t h e m i l e w h i c h i s t h e 

same s c a l e as the USGS Topographic 
Maps. 

The s o i l c l a s s i f i c a t i o n shown 
on the P e d o l o g i c a l Maps i s an a l y z e d 
t o g e t h e r w i t h the d e s c r i p t i o n f o r 
each c l a s s given i n the s o i l b u l l e 
t i n . U s u a l l y i t i s p o s s i b l e to i n 
t e r p r e t the Agronomist's d e s c r i p t i o n 
of a p a r t i c u l a r s o i l d e p o s i t i n terms 
o f the e n g i n e e r i n g s o i l g r o u p i n g . 
A t e n t a t i v e grouping o f the p e d o l 
o g i c a l c l a s s e s i s made and t e s t e d 
a g a i n s t o t h e r known i n f o r m a t i o n 
c o n c e r n i n g the a r e a . 

Review i s then made of a l l ex
i s t i n g g e o l o g i c a l i n f o r m a t i o n f o r 
the a r e a i n v o l v e d . The h i s t o r y of 
t h e s e c t i o n , the g l a c i a l drainagfe 
f e a t u r e s , the bedrock c h a r a c t e r i s t i c s 
and t h e to p o g r a p h y a r e r e v i e w e d . 
The t e n t a t i v e grouping based on the 
p e d o l o g i c a l map must f i t the geolo
g i c a l and t o p o g r a p h i c a l data. 

By u s e o f t h e a e r i a l photo
graph index s h e e t s , the gen e r a l a s 
p e c t s of the e n t i r e a r e a are checked 
when t r o u b l e i s encountered i n the 
i d e n t i f i c a t i o n o f a p a r t i c u l a r 
p o r t i o n of the a r e a . D e t a i l e d ex
am i n a t i o n i s made of a e r i a l photo
graph c o n t a c t p r i n t s . T h i s procedure 
of a n a l y s i s i s e x c e l l e n t and i s be
in g used to a g r e a t e r e x t e n t as per
sonnel and equipment permit. A f t e r 
u t i l i z i n g a l l e x i s t i n g i n f o r m a t i o n 
c o n c e r n i n g the type and e x t e n t o f 
the d i f f e r e n t d e p o s i t s i n the a r e a 
u n d e r c o n s i d e r a t i o n , a f i e l d i n 
s p e c t i o n i s made t o check the gen
e r a l c o n d i t i o n s i n the o v e r a l l a r e a 
and any qt i e s t i o n a b l e a r e a s . At -the 
c o n c l u s i o n o f t h i s i n s p e c t i o n , a 
f i n a l c o n f e r e n c e i s h e l d by t h e 
S o i l s E n g i n e e r s , A g r o n o m i s t and 
G e o l o g i s t on t h e a c c u r a c y o f t h e 
s o i l g r o u p i n g . I f a g r e e m e n t i s 
reached, the s o i l grouping i s given 
t o the draftsmen t o g e t h e r w i t h the 
P e d o l o g i c a l Map on which any r e v i s e d 
boundaries have been noted. I t has 
been found t h a t the s u p e r i m p o s i n g 
o f the s o i l b o u n d a r i e s o f a l a r g e 
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a r e a on USGS Tot>ographic S h e e t s 
o f f e r s the b e s t method of p r e s e n t i n g 
t h e s e d a t a t o the d e s i g n and con
s t r u c t i o n f o r c e s . C o l o r s a re used 
t o i n d i c a t e the g e o l o g i c a l o r i g i n 
o f t h e d e p o s i t and symbols t o i n 
d i c a t e the d e p o s i t i o n a l u n i t s . A l l 
map r e p r o d u c t i o n and c o l o r i n g a r e 
hand work a t the p r e s e n t time. 

Some naps have been p r e p a r e d 
to a s c a l e of 500 f e e t to the i n c h 
f r o m a e r i a l p h o t o g r a p h c o n t a c t 
p r i n t s w i t h a l a r g e s i z e d Saltzman 
P r o j e c t o r . T h i s p r o j e c t o r g r e a t l y 
e x p e d i t e s t h e p r e p a r a t i o n o f t h e 
maps by p e r m i t t i n g photographs and 
maps o f d i f f e r e n t s c a l e s t o be sup
e r i m p o s e d on a drawing a t any de
s i r e d s c a l e . S i n c e the p r e l i m i n a r y 
h i g h w a y p l a n s a r e p r e p a r e d on a 
s c a l e of 500 f e e t t o the i n c h em
p h a s i s i s a l s o b e i n g p l a c e d on the 
development o f maps a t t h i s s c a l e . 

F i g u r e 3 i s an e n g i n e e r i n g 
s o i l map f o r a s e c t i o n of the pro
posed S t a t e Thruway. The s e c t i o n 
l i e s j u s t west of the c i t y of U t i c a 
and i s i n Oneida County. The p l a i n 
a r e a i n the c e n t r a l p o r t i o n of the 
f i g u r e i s t h i c k g l a c i a l t i l l and i s 
a p o r t i o n o f the southwestern p l a 
t e a u p r o v i n c e . The i m m e d i a t e l y 
b o r d e r i n g c r o s s h a t c h e d a r e a s a r e 
t h e t h i n g l a c i a l t i l l s o i l s . I n 
the e a s t e r n s e c t i o n o f the map i s 
shown the outwash g r a n u l a r d e p o s i t s 
b o r d e r i n g the Mohawk V a l l e y and the 
a l l u v i a l sediments i n the immediate 
v i c i n i t y o f the p r e s e n t r i v e r . I n 
the extreme we s t e r n s e c t i o n of the 
map, the thruway w i l l e n t e r the E r i e -
O n t a r i o P l a i n s P r o v i n c e which con
s i s t s o f bottom s e d i m e n t s i n t h i s 
a r e a . The n o r t h e r l y p r o j e c t i o n i n 
the c e n t r a l p o r t i o n of the map a l s o 
p r o v i d e s i n f o r m a t i o n f o r the con
n e c t i o n from t h e c i t y o f Rome to 
the Thruway. I t w i l l be noted t h a t 
a l a r g e muck a r e a i s shown i n t h i s 
v i c i n i t y and t h a t b a r s , beaches and 
d e l t a f o r m a t i o n s a r e p r o m i n e n t 
f e a t u r e s . The o r i g i n a l map was 

produced with c o l o r s and symbols. 
I t i s e x p e c t e d t h a t the map

ping w i l l improve through the con
t i n u e d u s e o f s o i l s u r v e y work i n 
c o n n e c t i o n w i t h c u r r e n t p r o j e c t s 
and t h a t t h e ground work w i l l be 
done f o r the development of a s t a t e 
wide e n g i n e e r i n g map. 

USE OF ENGINEERING SOIL MAPS 
The a r e a concept of s o i l s em- , 

bodied i n the e n g i n e e r i n g s o i l maps 
i s u sed e x t e n s i v e l y by the Bureau 
o f S o i l M e c h anics o f the New York 
S t a t e Department of P u b l i c Works i n 
o r g a n i z i n g and c o n t r o l l i n g the s o i l 
work of the department. The bureau 
has been o r g a n i z e d d u r i n g the p a s t 
four y e a r s a t a time when the l a r g 
e s t highway program o f t h e S t a t e 
has been i n p r o g r e s s . Many p l a n s 
were prepared d u r i n g the war y e a r s 
and a l a r g e volume of work i s being 
designed a t the p r e s e n t time. 

E n g i n e e r i n g s o i l maps have 
been made d u r i n g the p a s t y e a r on 
c u r r e n t p r o j e c t s which r e q u i r e d the 
mapping o f a t o t a l a r e a o f 3,360 
square m i l e s . The new Thruway has 
r e q u i r e d the mapping of 1,353 square 
m i l e s ; r e g u l a r highway p r o j e c t s and 
one complete county, 1,537 sq u a r e 
m i l e s ; and, the l o c a t i o n of sand and 
g r a v e l d e p o s i t s , 470 square m i l e s . 
I n a d d i t i o n t o the a r e a s f o r which 
maps have been produced, the s o i l 
b o u n d a r i e s have been determined i n 
o u t l i n e form f o r a l l p r o j e c t s r e 
viewed by the bureau. 

I t would have been i m p o s s i b l e 
f o r t h e b u r e a u t o be o r g a n i z e d , 
c h e c k s o i l c o n d i t i o n s on p r o j e c t s 
a l r e a d y d e s i g n e d and to p r o g r e s s 
s o i l s u r v e y s on c u r r e n t d e s i g n s as 
w e l l a s on c o n s t r u c t i o n p r o j e c t s 
without the a i d of the a r e a concept 
of s o i l s . 

The f i r s t use o f an a r e a s o i l 
map i s i n the study of g e n e r a l l o 
c a t i o n problems before a c t u a l a l i g 
nment s u r v e y s a re s t a r t e d . General 
s o i l c o n d i t i o n s , t h e e x t e n t o f 
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F i g u r e 3. E n g i n e e r i n g S o i l Map of Mohawk Thruway 
Oneida County, New York 

swamp a r e a s and the a v a i l a b i l i t y of 
s e l e c t e d borrow and g r a n u l a r sub-
base m a t e r i a l a re b a s i c i n f o r m a t i o n 
which the engineer c o n s i d e r s i n l o 
c a t i n g t h e p r e l i m i n a r y l i n e f o r a 
highway. The maps p r e p a r e d a t a 
s c a l e o f one m i l e e q u a l s one i n c h 
are c o n s i d e r e d the best p r e s e n t a t i o n 
f o r g e n e r a l l o c a t i o n d e t e r m i n a t i o n s . 
A f t e r the g e n e r a l l o c a t i o n i s de
ter m i n e d , , the s o i l map i s a b a s i s 
f o r d e t a i l e d borings along the high
way alignment which must be made to 
show d e t a i l s o i l c o n d i t i o n s f o r 
every f e a t u r e of the highway desi g n . 
E n g i n e e r i n g s o i l maps to the s c a l e 
o f 500 f e e t t o one i n c h a r e b e s t 
f o r d e t a i l e d s o i l s t u d i e s . Grade 
l i n e and g e n e r a l s o i l b o u n d a r i e s 
c o n t r o l the s p a c i n g o f b o r i n g s and 
the e x t e n t o f e x p l o r a t i o n s and sub
s e q u e n t s t r u c t u r a l s o i l m e c hanics 
a n a l y s e s . The d e t a i l e d b o r i n g s 
must be s u f f i c i e n t t o answer t h e 
qu e s t i o n s of design and c o n s t r u c t i o n . 

An important f e a t u r e o f the s o i l map 
i s t h e d e l i n e a t i o n o f a r e a s i n 
which the d e p o s i t s a r e a p o s s i b l e 
source of s e l e c t e d borrow, g r a n u l a r 
b a s e c o u r s e m a t e r i a l a nd l o c a l 
a g g r e g a t e . These a r e a s a r e c a r e 
f u l l y e x p l o r e d i n c o n n e c t i o n w i t h 
the d e t a i l e d s o i l s urvey. 

The p r e l i m i n a r y s o i l r e p o r t , 
which i s based upon the e n g i n e e r i n g 
s o i l map, p r e s e n t s the general c h a r 
a c t e r i s t i c s o f the s o i l s and t h e i r 
r e l a t i o n s h i p to the e n g i n e e r i n g con
s i d e r a t i o n s of alignment and grade, 
e a r t h w o r k , c o m p a c t i o n , s u b g r a d e , 
drainage, f r o s t a c t i o n , swamps, and 
s o u r c e o f r u n - o f - b a n k g r a v e l and 
s e l e c t e d borrow. Recommendations 
are made on each s o i l problem. The 
e n g i n e e r i n g c o n s i d e r a t i o n s contained 
i n the p r e l i m i n a r y r e p o r t are based 
on the grouping of s o i l s d e s c r i b e d 
i n t h i s p a p er. R e f e r e n c e i s made 
to the g e n e r a l e n g i n e e r i n g s t a t e 
ments c o n t a i n e d i n the d e s c r i p t i o n 
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o f the s o i l groups. I t i s a n t i c i p 
a t e d t h a t w i t h c o n t i n u e d u s e o f 
t h i s grouping, c o r r e l a t i o n with con
s t r u c t i o n e x p e r i e n c e and performance 
of highways, the g e n e r a l recommend
a t i o n s w h i c h car. be made f o r any 
p a r t i c u l a r s o i l group w i l l be o f 
more v a l u e . 

The s o i l s u r v e y work o f t h e 
bureau i s prog r e s s e d w i t h the a l i g n 
ment survey and de s i g n o f the high
way so t h a t t h e s o i l work w i l l be 
p r a c t i c a l and provide the b a s i s f o r 
e n g i n e e r i n g d e c i s i o n s w h i c h w i l l 
r e s u l t i n the d e s i g n o f a highway 
t h a t w i l l i n c l u d e the be s t u t i l i z a 
t i o n o f s o i l s i n the a r e a . I t i s 
t h e p o l i c y o f t h i s b u r e a u t o i n 
c l u d e d e f i n i t e r e c o m m e n d a t i o n s 
ba s e d on s o i l c o n d i t i o n s f o r con
s i d e r a t i o n by the D e s i g n i n g E n g i n e e r . 
A l l g e n e r a l s o i l i n f o r m a t i o n i s 
c h e c k e d by d e t a i l e d b o r i n g s , and 
f i n a l recommendations a r e based on 
the d e t a i l e d s o i l work. At the com
p l e t i o n of the d e s i g n of the p r o j e c t , 
a f i n a l s o i l r e p o r t i s made which 
s u m m a r i z e s t h e p r e l i m i n a r y s o i l 
r e p o r t , the d e t a i l e d b o r i n g i n f o r 
m a t i o n and recommendations w h i c h 
a r e made by S o i l s E n g i n e e r s . T h i s 
r e p o r t i s u s e d by t h e b u r e a u i n 
making a f i n a l check and a p p r o v a l 
f o r t he s o i l work f o r the p r o j e c t 
and by the department i n r e v i e w i n g 
p l a n s , s p e c i f i c a t i o n s and es t i m a t e d 
q u a n t i t i e s of c o n t r a c t work. 

I t i s the p r e s e n t p o l i c y o f 
the department to r e q u i r e f i n a l ap
p r o v a l by the Bureau of S o i l Mech
a n i c s of the s o i l work and the ade
quacy of t h e d e s i g n and c o n t r a c t 
q u a n t i t i e s f o r the s o i l c o n d i t i o n s . 
The e n g i n e e r i n g s o i l maps t o g e t h e r 
w i t h the s o i l r e p o r t , have proved 
very v a l u a b l e i n making these f i n a l 

i n s p e c t i o n s and review of s o i l work, 
e s p e c i a l l y on those p r o j e c t s which 
have been d e s i g n e d f o r some time 
and f o r which only a check s o i l s u r 
vey can be made. On t h i s type o f 
p r o j e c t , the check b o r i n g s a r e r e 
q u e s t e d on t h e b a s i s o f t h e s o i l 
a r e a s and t h e r e s u l t s o b t a i n e d 
before the p r o j e c t i o n s can be p l a c e d 
under c o n t r a c t . 

The f i n a l s o i l s r e p o r t i s made 
a v a i l a b l e f o r the C o n s t r u c t i o n En
g i n e e r d u r i n g e v e r y phase o f con
s t r u c t i o n . 

I t i s the opinion of the authors 
t h a t the a r e a concept of s o i l s and 
the s o i l grouping should not be con
s i d e r e d i n c o m p e t i t i o n w i t h e x i s t 
i n g s o i l c l a s s i f i c a t i o n systems and 
n e i t h e r should n o t a t i o n s on a s i n g l e 
e n g i n e e r i n g s o i l map be used t o r e 
p l a c e highway e n g i n e e r i n g e x p e r i e n c e . 
E n g i n e e r i n g s o i l maps should be de
v e l o p e d Qn a broad r e g i o n a l b a s i s 
and the f i n e d e t a i l o f s o i l i n f o r 
mation o b t a i n e d by b o r i n g s s h o u l d 
be presented i n the s o i l r e p o r t f o r 
the s p e c i f i c p r o j e c t under d e s i g n . 
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APPLICATION OP GEOLOGY AND SEISMOLOGY TO 

HIGHWAY LOCATION AND DESIGN IN MASSACHUSETTS 

I n t r o d u c t i o n : By G^ H. Delano, P r o j e c t E n g i n e e r Massachusetts 
Department of P u b l i c Works 

1. Geologic Method and I n t e r p r e t a t i o n s by L. W. C u r r i e r , 
G e o l o g i s t , U. S. G e o l o g i c a l Survey 

11. The S e i s m i c Method as a G e o l o g i c Technique i n Highway 
L o c a t i o n and Design, by Rev. D a n i e l Linehan, S. J . , 
S e i s m o l o g i s t , Weston C o l l e g e , Weston, Massachusetts 
D i s c u s s i o n P h i l i p Keene, D a n i e l Linehan 

111. C o o r d i n a t i o n of Methods i n Highway L o c a t i o n and Design, 
by G. H. Delano 

TNTOODUCTION 

The n e c e s s i t y for s e c a r i n g a l l p o s s i b l e data p e r t a i n i n g to subsnrfacb con
d i t i o n s i n l o c a t i n g and designing highways has long been recognised. I n Massa-
c h a s e t t s , the u s u a l techniques - t e s t p i t s , borings, f i e l d i n s p e c t i o n s , e t a l • 
have been employed. Usual l i m i t a t i o n s , however, inherent i n such techniques are 
r e c o g n i i e d . The type of highway now being designed, with separated roadways, 
a l l grades s e p a r a t e d , e t c . , has g r e a t l y a c c e n t u a t e d the o b l i g a t i o n upon the 
Highway Department to secure a l l such data and to e s t a b l i s h the proper organisa
t i o n to c a r r y on the work. 

I n developing the procedure to be followed, and the o r g a n i s a t i o n to be ea > 
t a b l i s h e d , the Massachusetts Department of P u b l i c Worka had a v a i l a b l e to i t a 
cooperative p r o j e c t with the United S t a t e s Geological Survey for determining the 
nature of the s o i l s and rocks encountered, but i t was recognised t h a t f o r aome 
purposes ordinary geologic f i e l d mapping, e s p e c i a l l y i n l o c a t i n g bedrock, needed 
to be made more e x a c t and f l e x i b l e . The s e i s m i c method of s e c u r i n g data was 
suggested by the g e o l o g i s t , although a t the time t h i s method had been a p p l i e d 
p r i m a r i l y to l o c a t i n g bedrock at r e l a t i v e l y great depths and but l i t t l e work had 
been done to l o c a t e bedrock a t s h a l l o w depths. I n order t h a t the Department 
might have a l l p o s s i b l e data on s u b s u r f a c e c o n d i t i o a a , arrangements were made 
for s e i a m i c s t u d i e s to l o c a t e s h a l l o w bedrock, and for g e o l o g i c a l a t u d i e s to 
provide the geologic i n t e r p r e t a t i o n from bedrock to the s u r f a c e , together with 
data on ground water conditions. 

The a p p l i c a t i o n of data obtained through these arrangements to the highway 
program of the Department was assigned to the P r o j e c t D i v i s i o n under the super* 
v i s i o n of George H. Delano, P r o j e c t Engineer. L. W. C u r r i e r , of the U.S. Geo-
l o g i c a l Survey s u p e r v i s e s the j o i n t p r o j e c t . S e i s m i c s t u d i e s obtained under 

^ Published by permiasion o f the D i r e c t o r , U.S. G e o l o g i c a l Survey, and the Coomis-
sioner, Massachusetts Department of P u b l i c Worka. 
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t h i s progran are made by Rev. D a n i e l Linehan, $• j . . o f Weston C o l l e g e , Weston 
Massaehasetts. 

I t i s r e c o g n i s e d t h a t the vork done under thi§ c o o p e r a t i v e arrangement 
s i n c e i t s i n c e p t i o n i n 1944 has been of an experimental nature and that conclu
s i v e r e s u l t s cannot yet be drawn from t h i s r e s earch, but i t i s f e l t that a p r o 
gress report of these a c t i v i t i e s w i l l be of present i n t e r e s t . With t h i s i n nind 
a b r i e f statement f o l l o w s , g i v i n g i n turn the approach of the g e o l o g i s t , the 
s e i s m o l o g i s t , and the highway d e s i g n e r to the a p p l i c a t i o n of g e o l o g i c a l and 
s e i s m o l o g i e a l r e s e a r c h to highway l o c a t i o n and design i n Massachusetts. 

GEOLOGIC METHODS AND INTERPRETATIONS 

L. W. 
Geologist, US' 

I n t he d e s i g n and c o n s t r u c t i o n 
o f modern major highways the engin
e e r f a c e s a d i v e r s i t y o f problems. 
T h e s e a r e i n c o n s i d e r a b l e measure 
c o n c e r n e d w i t h t h e t o p o g r a p h i c 
c h a r a c t e r i s t i c s o f t h e t e r r a i n s , 
and t h e p h y s i c a l p r o p e r t i e s and 
s t r u c t u r e s o f t h e u n d e r l y i n g ma
t e r i a l s . I n the days o f n a r r o w e r 
and lower-speed highways t h e r e was 
g r e a t e r l a t i t u d e i n choosing a road 
s i t e . Today the highway route must 
be as d i r e c t a s p o s s i b l e , and the 
d e s i g n must meet a l l the r e q u i r e 
ments o f modern highway s t a n d a r d s , 
w i t h c u r v e s o f adequate s i g h t d i s 
t a n c e s , easy grades, and w e l l - d r a i n e d 
f o u n d a t i o n s c a p a b l e o f s u s t a i n i n g 
h e a v y t r a f f i c l o a d s . To f u l f i l l 
t h e s e r e q u i r e m e n t s , l e s s f a v o r a b l e 
t o p o g r a p h i c f e a t u r e s must be t r a 
v e r s e d r a t h e r than avoided i n many 
p l a c e s , so t h a t deep and wide c u t s , 
and long, heavy f i l l s are f r e q u e n t l y 
n e c e s s a r y . C o s t s of e x c a v a t i o n are 
g r e a t l y i n c r e a s e d because many of 
the c u t s p e n e t r a t e w e l l i n t o bed
r o c k , and c o s t s o f f i l l i n g r i s e 
w i t h the g r e a t e r volume o f s u i t a b l e 
m a t e r i a l to be p r o v i d e d o f t e n ob
t a i n a b l e only a t a c o n s i d e r a b l e d i s 
t a n c e from the f i l l s . I n p l a c e s , 
a s i n boggy a r e a s , u n s u i t a b l e ma
t e r i a l s must be removed and s u i t a b l e ' 
ones s u b s t i t u t e d . S h a l l o w or per
ched water t a b l e s may e x i s t and r e 
q u i r e s p e c i a l c o n s t r u c t i o n to pro
vide good subgrade drainage. Foot-

CURRIER 
Geological Survey 

i n g s of heavy br i d g e p i e r s must i n 
p l a c e s be s p r e a d i n s o f t or even 
p l a s t i c m a t e r i a l s i n s t e a d o f on 
sound bedrock; i n the design of such 
p i e r s i t c a n be a d v a n t a g e o u s to 
know i f bedrock can be reached eco
n o m i c a l l y , or i f the o v e r l y i n g un
c o n s o l i d a t e d m a t e r i a l i s u n i f o r m 
and can adequately support the loads 
to be imposed. Thus the e n g i n e e r 
i s f a c e d w i t h problems o f d e s i g n 
and c o n s t r u c t i o n t h a t i n v o l v e many 
ge o l o g i c f a c t o r s . We are concerned, 
t h e r e f o r e , w i t h the t e c h n i q u e s o f 
the e n g i n e e r i n g g e o l o g i s t i n s o f a r 
as they can c o n t r i b u t e v a l u a b l y to 
the a n a l y s e s and s o l u t i o n s o f the 
problems, or f a c i l i t a t e the work of 
c o n s t r u c t i o n . The e n g i n e e r i s not 
o r d i n a r i l y prepared by e i t h e r t r a i n 
i n g or e x p e r i e n c e to make g e o l o g i c 
i n t e r p r e t a t i o n s . 

A l a n d mass t h a t has been sub
j e c t e d to u n i n t e r r u p t e d weathering, 
e r o s i o n , and d e p o s i t i o n through geo
l o g i c time normally develops a s o i l 
m a n t l e and t o p o g r a p h y t h a t b e a r 
c e r t a i n c l e a r r e l a t i o n s to e a c h 
o t h e r and t h a t r e f l e c t the l o c a l 
s u b s u r f a c e rock s t r u c t u r e s and ma
t e r i a l s . The m i n e r a l o g i c composi
t i o n of a r e s i d u a l s o i l formed un
d e r s u c h c o n d i t i o n s i s c o n s i s t e n t 
w i t h t h a t o f t h e u n d e r l y i n g r o c k 
from which i t was d e r i v e d . E x c e p t 
where i t i s a r e s i d u a l from impure 
l i m e s t o n e , o r o t h e r l e s s common 
s o l u b l e formations, the s o i l grades 
from u n c o n s o l i d a t e d m a t e r i a l a t and 
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near the s u r f a c e through a t r a n s i 
t i o n zone i n t o s o l i d rock. I n such 
p l a c e s , t h e , the c o n t a c t between 
the bedrock and the d e r i v e d s o i l i s 
not s h a r p l y d e f i n e d . The t h i c k n e s s 
o f the s o i l zone, too, v a r i e s w i t h 
the l i t h o l o g y of the a r e a , the depth 
o f the ground-water t a b l e d u r i n g 
the formation of the s o i l , and other 
g e o l o g i c f d c t o r s , but the v a r i a t i o n s 
f o l l o w a c o n s i s t e n t p a t t e r n w i t h 
r e s p e c t to the topography and l i t h 
o l o g y , so t h a t many of the l o c a l 
e n g i n e e r i n g problems have g e o l o g i c 
f a c t o r s t h a t a r e r e s o l v a b l e i n f a i t 
measure through accumulated e x p e r i 
ence i n the t e r r a i n . Without much 
f o r m a l knowledge o f t h e g e o l o g y , 
th e e n g i n e e r o f l o c a l e x p e r i e n c e 
can o f t e n i n t e r p r e t the f e a t u r e s 
and p r e d i c t what s u b s u r f a c e c o n d i 
t i o n s he w i l l p r o b a b l y f i n d . He 
may be a b l e to p r o j e c t h i s e x p e r i 
ence from p l a c e to p l a c e over a con
s i d e r a b l e a r e a w i t h r e a s o n a b l e a s 
s u r a n c e , a c c o r d i n g to h i s s t o r e of 
knowledge and the k e e n n e s s o f h i s 
p'owers o f o b s e r v a t i o n , even though 
he may not be a b l e to d e s c r i b e h i s 
d a t a i n e s t a b l i s h e d g e o l o g i c terms. 
When f i n e r d e t a i l s o f i n t e r p r e t a 
t i o n a r e needed, he must c a l l upon 
s p e c i a l i s t s , but many of the sim
p l e r problems o f the t e r r a i n he i s 
a b l e t o s o l v e f o r h i m s e l f b ecause 
the g e o l o g i c phenomena a r e grada-
t i o n a l and are i n t e g r a t e d a c c o r d i n g 
t o a c o n s i s t e n t r e g i o n a l p a t t e r n ; 
i t i s t h i s " p a t t e r n " ' t h a t he may 
l e a r n to sense through e x p e r i e n c e . 

I n an a r e a where former c o n t i 
n e n t a l i c e s h e e t s have t r a n s g r e s s e d , 
h o w e v e r , a s i n New E n g l a n d , t h e 
norma] i n t e g r a t e d c y c l e of weather
i n g , e r o s i o n , and d e p o s i t i o n has 
been i n t e r r u p t e d and t h e c h a r a c 
t e r i s t i c land forms have become d i s 
o r d e r e d , so to s p e a k . The t h i c k 
i c e s h e e t moving a c r o s s the r e g i o n 
c o v e r s b o t h h i l l s and v a l l e y s . 
Commonly i t s t h i c k n e s s i s from a 
few h u n d r e d t o s e v e r a l t h o u s a n d 

f e e t , so t h a t the p r e s s u r e a t i t s 
b a s e i s c o n s i d e r a b l e . The i c e 
s h e e t p i c k s up or pushes a l o n g the 
loose s o i l mantle, s c r a p e s the bed
rock c l e a n of i t s p r e v i o u s l y decom
p o s e d and d i s i n t e g r a t e d s u r f a c e 
l a y e r s , and f u r t h e r a b r a d e s t h e 
b e d r o c k i t s e l f . The m a t e r i a l s 
p i c k e d up or pushed a l o n g by t h e 
i c e i n c l u d e s p a r t i c l e s t h a t range 
from c l a y s i z e s to l a r g e b o u l d e r s 
o r b l o c k s p l u c k e d f r o m r u g g e d 
le d g e s . The rock d e b r i s i s so mixed 
up t h a t , when l a t e r l e f t i n p l a c e 
by the m e l t i n g i c e , the components 
of the r e s u l t i n g heterogeneous s o i l 
l a y e r may no longer a c c u r a t e l y r e 
f l e c t the u n d e r l y i n g bedrock forma
t i o n s . The m a t e r i a l a t a g i v e n 
p o i n t may have been d e r i v e d i n l a r g e 
measure from a d i s t a n t a r e a . Such 
unsorted g l a c i a l l y d e p osited m a t e r i 
a l i s known as t i l l , and may have 
been d r i v e d from many bedrock f o r 
mations, l o c a l and d i s t a n t . 

G l a c i a l e r o s i o n b r o a d e n s and 
deepens p r e e x i s t i n g bedrock v a l l e y s 
and s t e e p e n e d t h e i r s i d e s . I t r e 
duces and rounds h i l l s and r i d g e s . 
The m e l t w a t e r s p i c k up abraded ma
t e r i a l i n c o r p o r a t e d i n the i c e or 
h e a p e d b e n e a t h i t , and s o r t and 
t r a n s p o r t i t so t h a t g r a v e l , sand, 
s i l t , and c l a y a r e d e p o s i t e d a l o n g 
t h e g l a c i a l s t r e a m c o u r s e s . Thus 
outwash p l a i n s a r e formed over the 
v a l l e y f l o o r s i n f r o n t of the i c e 
s h e e t . D e l t a s and lake-bottom de
p o s i t s form i n t e m p o r a r i l y ponded 
a r e a s . Long sinuous r i d g e s of g r a 
v e l and s a n d may be l e f t w i t h i n 
broad v a l l e y s and mark the p o s i t i o n s 
o f streams t h a t flowed between the 
i c e w a l l e d c h a n n e l s . High-perched 
t e r r a c e s may l i n e the v a l l e y w a l l s 
where the y were d e p o s i t e d between 
the w a l l s and the s i d e s of an i c e 
t o n g u e . I t f o l l o w s , t h e r e f o r e , 
t h a t g l a c i a l d e p o s i t s c h a r a c t e r i s 
t i c a l l y r e s t with sharp c o n t a c t s on 
f r e s h , h a r d b e d r o c k , or on o t h e r 
g l a c i a l d e p o s i t s , i n c o n t r a s t w i t h 
the g r a d a t i o n a l l y zone between s o i l s 
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and bedrock i n a n o n g l a c i a t e d a r e a , 
a s d e s c r i b e d above. F i n a l l y , among 
the e f f e c t s of g l a c i a t i o n t h a t may 
be of g r e a t i m p o r t a n c e to the en
g i n e e r i s the disarrangement of the 
d r a i n a g e p a t t e r n . V a l l e y s a r e 
f i l l e d p a r t l y or a r e b l o c k e d , and 
the p o s t g l a c i a l drainage l i n e s f r e 
q u e n t l y do not f o l l o w the c o u r s e s 
o f t h e p r e g l a c i a l c h a n n e l s . En
t i r e l y new c h a n n e l s may be c u t 
a l o n g t h e p a t h s e v e n o f m a j o r 
streams t h a t have been l o c a l l y d i s 
p l a c e d ; these new channels a re com
monly c u t i n t o b e d r o c k , w i t h t h e 
p r e g l a c i a l c h a n n e l l y i n g b u r i e d 
somewhere i n the v i c i n i t y . Thus 
the e f f e c t of g l a c i a t i o n i s to ob
s c u r e t h e o r d e r l y r e s u l t s of t h e 
e a r l i e r normal e r o s i o n c y c l e . 

The engineer who i s u n t r a i n e d i n 
the a p p l i c a t i o n s and t e c h n i q u e s o f 
g e o l o g i c s c i e n c e i s , t h e r e f o r e , not 
o n l y u n a b l e t o p r o j e c t h i s l o c a l 
e x p e r i e n c e from point to p o i n t i n a 
g l a c i a t e d a r e a w i t h r e a s o n a b l e a s 
s u r a n c e , but many t i m e s he c a n 
not i n t e r p r e t even the l o c a l s o i l s 
and r o c k s with s u f f i c i e n t c e r t a i n t y ; 
i t i s the t h i r d dimension t h a t i s 
not d i s c l o s e d t o him, and i t i s the 
v a r i a t i o n i n t h i s v e r t i c a l dimen
s i o n o f the t e r r a i n w i t h which he 
i s p a r t i c u l a r l y c o n c e r n e d . The 
s u r f a c e d e p o s i t s may be m i s l e a d i n g , 
the s o i l zone g r e a t l y v a r i a b l e even 
w i t h i n s h a l l o w d e p t h s , and hidden 
boulders may, and of t e n do, m i s l e a d 
o r c o n f u s e him w i t h r e g a r d t o the 
p o s i t i o n and nature of the bedrock. 
I t i s t r u e , o f c o u r s e , t h a t t h e 
g e o l o g i s t cannot always make a c c u r 
a t e i n t e r p r e t a t i o n s from s u r f a c e 
d a t a a l o n e , but must r e l y on some 
o t h e r t e c h n i q u e s ; n e v e r t h e l e s s , 
even where s u r f a c e data a r e i n c o n 
c l u s i v e t o him, t h e g e o l o g i s t ' s 
g u e s s i s c o n s i d e r a b l y b e t t e r than 
t h e e n g i n e e r ' s , and i s b a s e d on 
l a w s o f g e o l o g i c p r o b a b i l i t y a s 
suggested by the l o c a l s u r f a c e geo
logy. He i s , by v i r t u e of t r a i n i n g 

and e x p e r i e n c e i n h i s s c i e n c e , i n a 
f a r b e t t e r p o s i t i o n t o make d i r e c 
t i v e i n t e r p r e t a t i o n s and g i v e warn
i n g of probable or p o s s i b l e d i f f i 
c u l t i e s . He s h o u l d , i n g e n e r a l , 
be b e t t e r e q u i p p e d t o work w i t h 
s p e c i a l i s t s i n the f i e l d s o f s e i s 
mology and s o i l mechanics, and, i n 
deed, s h o u l d be i n a p o s i t i o n t o 
a d v i s e when such c o l l a t e r a l s e r v i c e s 
a r e needed or d e s i r a b l e ; moreover, 
he s h o u l d not be r e t i c e n t or h e s i 
t a n t i n recommending such s e r v i c e s . 

The common i m p r e s s i o n t h a t geo
l o g y i s an i n e x a c t s c i e n c e a r i s e s 
l a r g e l y from t h e f a c t t h a t g e o l o 
g i c a l phenomena a r e g e n e r a l l y g r a -
d a t i o n a l t h r o u g h a l l d e g r e e s and 
between wide l i m i t s . A p p r e c i a t i o n 
o f t h i s f a c t i s n e c e s s a r y i f t h e 
s c i e n c e i s to be used to i t s maxi
mum b e n e f i t . F o r t h e most p a r t , 
however, i t i s n e i t h e r the g e o l o g i c 
concepts nor the g e o l o g i c techniques 
t h a t a r e i n e x a c t ; r a t h e r i t i s the 
v a r i a b i l i t y o f t h e phenomena and 
d i f f i c u l t y i n o b t a i n i n g enough ex
a c t measurements t h a t make i t ap
pear a s a q u a l i t a t i v e s c i e n c e . But 
even i f the e n g i n e e r approaches i t 
from t h e q u a l i t a t i v e v i e w p o i n t he 
can f i n d i t v e r y u s e f u l , p a r t i c u 
l a r l y i n the p r e l i m i n a r y and p l a n 
n i n g s t a g e s . I t i s a s e r i o u s mis
t a k e f o r him to d i s r e g a r d the con
c e p t s and t e a c h i n g s o f a s c i e n c e 
whenever i t s techniques do not j u s 
t i f y t h e u s e o f the s l i d e r u l e or 
c a l c u l a t i o n o f i t s p h y s i c a l d a t a 
w i t h " e n g i n e e r i n g accuracy." I t i s 
worse than f u t i l e - i t i s m i s l e a d 
i n g • to r e p o r t d a t a t o a f r a c t i o n 
t h a t i s m e a s u r a b l e o n l y w i t h i n 
u n i t s . Much o f the g e o l o g i c d a t a 
u s u a l l y a c q u i r e d i s o f t h i s n a t u r e , 
though the t e c h n i q u e s employed a r e 
capable of c o n s i d e r a b l y g r e a t e r r e 
finement. To re c o g n i z e these t e c h 
n i q u e s , then, and to b r i n g them i n 
to the f o r m a t i v e s t a g e s of the en
g i n e e r i n g p r o j e c t i s a s much the 
du t y o f the e n g i n e e r as i t i s t h e 
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duty o f the g e o l o g i s t to e v a l u a t e 
h i s own methods and apply them w i t h 
a p p r o p r i a t e c a r e . 

The p h y s i c a l f e a t u r e s of the t e r 
r a i n , t h a t i s , t h e t o p o g r a p h y , 
r o c k s , and s o i l s , a r e elements t h a t 
may be a n a l y z e d by t h e s p e c i a l 
t e c h n i q u e s o f the g e o l o g i s t and the 
s o i l s c i e n t i s t . These t e c h n i c i a n s , 
t h e r e f o r e , a r e a b l e to supplement 
and a i d the work of the engineer by 
f u r n i s h i n g p e r t i n e n t p h y s i c a l d a t a 
are not otherwise a v a i l a b l e to him. 
I t seems a x i o m a t i c t h a t i n s o f a r a s 
t h e s e s p e c i a l t e c h n i q u e s can f u r 
n i s h such data they should be a v a i l 
a b l e i n the p r e l i m i n a r y s t a g e s o f 
highway l o c a t i o n and d e s i g n . As 
t h e s e t e c h n i q u e s a d v a n c e t h r o u g h 
e x p e r i e n c e and r e s e a r c h they should 
be under c o n s t a n t c r i t i c a l s c r u t i n y 
so t h a t t h e i r p o t e n t i a l u s e f u l n e s s 
may be r e c o g n i z e d . The g e o l o g i s t 
and the s o i l s c i e n t i s t s h o u l d each 
know h i s own l i m i t a t i o n s as w e l l as 
e a c h o t h e r ' s , and s h o u l d be a b l e 
and r e a d y to a d v i s e where t h e us e 
of other techniques may be h e l p f u l , 
as i n the f i e l d of seismology. 

The g e o l o g i s t ' s aim i s to c a l l 
the a t t e n t i o n of the e n g i n e e r s t o 
the k i n d s of data a v a i l a b l e through 
g e o l o g i c t e c h n i q u e s , and t o make 
such d a t a as d i r e c t i v e and q u a n t i 
t a t i v e as p o s s i b l e . I t i s h e l p f u l 
i f he knows s o m e t h i n g a b o u t t h e 
t e c h n i c a l methods of the e n g i n e e r , 
but he should not presume to a d v i s e 
i n p u r e l y e n g i n e e r i n g m e t h o d s . 
Upon t h e e n g i n e e r , on t h e o t h e r 
hand, r e s t s t h e r e s p o n s i b i l i t y t o 
s e e k and u s e a l l a v a i l a b l e d a t a 
t h a t w i l l c o n t r i b u t e to sound and 
economic d e s i g n or c o n s t r u c t i o n of 
highways and b r i d g e s . T h i s , then, 
i s the p h i l o s o p h y t h a t d e t e r m i n e s 
the p a t t e r n f o r e n g i n e e r i n g geolo
g i c work under the M a s s a c h u s e t t s 
program. 

The M a s s a c h u s e t t s g e o l o g i c pro
gram was s t a r t e d i n J u l y 1938, as a 
c o o p e r a t i v e p r o j e c t b etween t h e 

M a s s a c h u s e t t s Department of P u b l i c 
Works and the U.S. G e o l o g i c a l S u r 
v e y . The p r i m a r y and p r i n c i p l e 
purpose i s to make a complete and 
d e t a i l e d g e o l o g i c s t u d y o f t h e 
S t a t e , the r e s u l t s of which a r e to 
be embodied i n two g e o l o g i c maps 
and a c c o m p a n y i n g b r i e f r e p o r t s . 
T h e maps a r e t o be p r i n t e d i n 
c o l o r s . One of them i s to show the 
d i s t r i b u t i o n and s t r u c t u r e s of bed
rock u n i t s beneath the s o i l mantle, 
as i n t e r p r e t e d from bedrock expo
s u r e s and a v a i l a b l e s u b s u r f a c e data; 
the o t h e r i s to show the d i s t r i b u 
t i o n and n a t u r e o f the u n c o n s o l i 
dated, s u p e t f i c i a l f o r m a t i o n s , the 
" s o i l s " i n an e n g i n e e r i n g s e n s e , 
t h a t o v e r l i e the bedrock, and a l s o 
t o show th e a c t u a l bedrock expo
s u r e s . Among the m i n e r a l r e s o u r c e s 
to be i n d i c a t e d on t h e s e maps a r e 
the m a t e r i a l s used i n highway con
s t r u c t i o n , s u c h a s g r a v e l , s a n d , 
r o c k f o r c r u s h e d s t o n e , and s o 
f o r t h . Mapping i s b e i n g done by 
quadrangles, on new lH-minate topo
g r a p h i c base maps, the s c a l e b e i n g 
two i n c h e s to the m i l e and the con
to u r i n t e r v a l 10 f e e t . These maps 
permit c o n s i d e r a b l e d e t a i l and a c 
curacy, and e n g i n e e r s and g e o l o g i s t s 
engaged i n e i t h e r p u b l i c or p r i v a t e 
work w i l l t h j i s h a v e f u n d a m e n t a l 
g e o l o g i c c o n t r o l f o r t h e i r own more 
d e t a i l e d work i n s m a l l a r e a s or on 
s p e c i a l p r o b l e m s . Two c o m p i l e d 
g e o l o g i c maps of the S t a t e w i l l be 
prepared from the quadrangle maps, 
on a s c a l e of 1:125,000, or about 
K i n c h to the m i l e . 

S p e c i a l g e o l o g i c s t u d i e s a r e 
made under the program a t the spe
c i f i c r e q u est of the p r o j e c t engin
e e r of the Department. These s t u 
d i e s are of four types, as f o l l o w s : 

1. r^ravel and sand resources of 
particular areas. For a r e a s of pro
j e c t e d highways where the r e s o u r c e s 
a r e a s y e t unknown, o r t h e known 
d e p o s i t s a r e u n a v a i l a b l e or i n a d e 
quate, d e t a i l e d g e o l o g i c maps a r e 
made to show the d i s t r i b u t i o n and 
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l a n d forms of a l l d e p o s i t s of sand 
and g r a v e l . An accompanying t a b l e 
i n d i c a t e s f o r each p o t e n t i a l l y im
p o r t a n t d e p o s i t t h e a p p r o x i m a t e 
volume, a r e a l e x t e n t , d i m e n s i o n s , 
a c c e s s i b i l i t y , and type o f m a t e r i a l . 
P e r t i n e n t g e n e r a l o b s e r v a t i o n s a r e 
made r e g a r d i n g the q u a l i t y o f the 
m a t e r i a l , pebble s i z e s , p r o p o r t i o n 
o f sand, f r e s h n e s s o f the pebbles, 
and p r o b a b l e u t i l i t y . No g r a d e -
s i z i n g t e s t s are made, as these are 
c o n s i d e r e d to be o u t s i d e the p r o 
v i n c e o f the g e o l o g i c program. The 
map i s intended as a guide to p o i n t 
out a p p a r e n t l y f a v o r a b l e d e p o s i t s 
for f u r t h e r i n v e s t i g a t i o n by engin
e e r s o f the Department. 

2. AeconnatAsance geology When 
a segment of a proposed highway has 
been l o c a t e d by e n g i n e e r s , a de
t a i l e d g e o l o g i c map i s made a l o n g 
the c e n t e r l i n e f o r the purpose o f 
determining the k i n d s of m a t e r i a l s , 
t h e g e o l o g i c s t r u c t u r e s t h a t may 
have a b e a r i n g on e n g i n e e r i n g opera
t i o n s , and the d i s t r i b u t i o n of bed
rock outcrops ( s e e F i g u r e 1 ) . Usu
a l l y , the r e c o n n a i s s a n c e s t r i p so 
mapped i s from a q u a r t e r to h a l f a 
m i l e wide, b a t may be g r e a t e r o r 
1«88 a c c o r d i n g to the complexity of 
t h e a r e a and the need f o r f i n d i n g 
a d d i t i o n a l d a ta to a i d i n the i n t e r 
p r e t a t i o n of the geology a l o n g the 

c e n t e r l i n e . A b r i e f r e p o r t summa
r i z e s the geology and c a l l s p a r t i 
c u l a r a t t e n t i o n to f e a t u r e s t h a t 
may prove troublesome. Where the 
g e o l o g i c d a t a a p p e a r t o be c l e a r 
and u n e q u i v o c a l no f u r t h e r s t u d i e s 
a r e made. Where g e o l o g i c c o n d i 
t i o n s a r e complex or o b s c u r e , and 
more s p e c i f i c d a t a a r e n e e d e d , 
o t h e r k i n d s o f s t u d i e s ( s u c h a s 
ground-water i n v e s t i g a t i o n s or s e i s 
m i c t e s t s ) a r e i n d i c a t e d by t h e 
g e o l o g i s t . O c c a s s i o n a l l y t h i s pre
l i m i n a r y r e c o n n a i s s a n c e study l e a d s 
to a c o n s i d e r a t i o n of other p o s s i b l e 
l o c a t i o n s f o r the highway segment. 
I t i s a l w a y s d e s i r a b l e to have an 

e n g i n e e r r e v i e w the s t r i p i n the 
f i e l d w i t h the g e o l o g i s t ; i n t h i s 
way i n t e r p r e t a t i o n s a r e c l a r i f i e d 
and p o i n t e d up, the g e o l o g i s t be
coming more a c u t e w i t h r e s p e c t to 
t h e e n g i n e e r ' s problems, and the 
e n g i n e e r l e a r n i n g how to u s e the 
g e o l o g i c d a t a w i t h g r e a t e s t p r o f i t 
and t o j u d g e t h e l i m i t a t i o n s o f 
g e o l o g i c s t u d i e s . 

3. Ground-water i n v e s t i g a t i o n s 
The highway e n g i n e e r i s c o n c e r n e d 
w i t h ground-water c o n d i t i o n s along 
the highway s i t e because of the e f 
f e c t s o f ground s a t u r a t i o n and seep
age upon the s t a b i l i t y o f the sub-
grade, e s p e c i a l l y i n f r e e z i n g weath
e r , o r u pon t h e w a l l s o f c u t s 
t h a t have r e a c h e d to or even pene
t r a t e d the l o c a l water t a b l e . Per
ched water t a b l e s are q u i t e common
l y found i n g l a c i a t e d r e g i o n s where 
l a k e s have once e x i s t e d . Even c e r 
t a i n types of compact t i l l o v e r l a i n 
by l o o s e t i l l or sand and g r a v e l 
are so impervious as to cause seep
age i n t o tKe w a l l s o f a c u t d u r i n g 
the more humid seasons. The engin
e e r ftishes to f o r e s e e such c o n d i 
t i o n s and to p r o v i d e f o r adequate 
drainage. The c o n d i t i o n s vary from 
p l a c e t o p l a c e and the v a r i a t i o n s 
are d i r e c t f u n c t i o n s of the geolo
g i c m a t e r i a l s , s t r u c t u r e s , and topo
graphy. I n p l a c e s the p o s s i b l e e f 
f e c t s on highway c o n s t r u c t i o n o f 
l o c a l ground-water s u p p l i e s and i n 
d i v i d u a l w e l l s p r e s e n t p r o b l e m s 
t h a t r e q u i r e study by ground-water 
s p e c i a l i s t s . When n e c e s s a r y , 
ground-water problems are r e f e r r e d 
t o g e o l o g i s t s o f the Ground Water 
D i v i s i o n of the G e o l o g i c a l Survey, 
working a l s o under a c o n t i n u i n g co
o p e r a t i v e program w i t h the D e p a r t 
ment o f P u b l i c Works, f o r ground
water s t u d i e s i n the Commonwealth. 
S e p a r a t e r e p o r t s or s t a t e m e n t s are 
p r e p a r e d by t h i s D i v i s i o n upon r e 
quest of the s u p e r v i s i n g g e o l o g i s t . 

4. S e i s K i c s t u d i e s Where more 
e x a c t knowledge of the s u b s u r f a c e 
m a t e r i a l s , and e s p e c i a l l y the depths 
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t o b e d r o c k o r c o m p a c t , h a r d t i l l i s 
needed , s e i s m i c t e s t s a r e recommen* 
ded by t h e g e o l o g i s t . The d e t a i l s 
o f t h e s e i s m i c o p e r a t i o n s and t h e 
f u n d a m e n t a l t h e o r y o f t h e t e c h n i q u e 
a r e d e s c r i b e d i n P a r t I I o f t h i s 
p a p e r , b y R e v . D a n i e l L i n e h a n . I n 
b r i e f , t h e m e t h o d d e t e r m i n e s t h e 
v e l o c i t i e s o f e x p l o s i o n shock waves 
i n t h e s u c c e s s i v e s u b s u r f a c e m e d i a , 
and f r o m t h e s e v e l o c i t i e s and t h e i r 
v a r i a t i o n s a r e i n t e r p r e t e d t h e g e n 
e r a l c h a r a c t e r s and d e p t h s o f t h e 
m a t e r i a l s . T h e m e t h o d p r o v i d e s 
p h y s i c a l c o n s t a n t s o f t h e m e d i a , 
and b e c a u s e t h e m a t e r i a l s v a r y i n 
t h e i r p h y s i c a l p r o p e r t i e s and t h e 
r a n g e s o f t h e s e p r o p e r t i e s o v e r l a p , 
t h e i r i n t e r p r e t a t i o n i n g e o l o g i c 
t e r m s must be made w i t h a k n o w l e d g e 
o f t h e g e o l o g y o f t h e g e n e r a l a r e a . 
I t i s n e c e s s a r y , t h e r e f o r e , f o r t h e 
g e o l o g i s t a n d t h e s e i s m o l o g i s t t o 
work i n c l o s e c o o p e r a t i o n , so t h a t 
t h e d a t a o b t a i n e d b y e a c h may be 
c o o r d i n a t e d . The p r e l i m i n a r y g e o 
l o g i c s t u d y o f t h e h i g h w a y s t r i p 
f u r n i s h e s t h e n e c e s s a r y b a c k g r o u n d , 
i nasmuch as t h e s e i s m i c l o c a t i o n s 
a r e reconmended as a r e s u l t o f t h e 
g e o l o g i c s t u d y , b u t t h e g e o l o g i s t 
a l s o a c c o m p a n i e s t h e s e i s m o l o g i s t 
i n t h e f i e l d when t h e s e i s m i c w o r k 
i s done so t h a t c o n t r o l l i n g i n t e r 
p r e t a t i o n s may be made on t h e s p o t , 
when n e c e s s a r y , and changes made i n 
l o c a t i o n s o f p r o f i l e s , o r a d d i t i o n 
a l p r o f i l e s r e c o m m e n d e d . A j o i n t 
r e p o r t i s p r e p a r e d by t h e g e o l o g i s t 
and s e i s m o l o g i s t . 

The s e i s m i c m e t h o d i s u s e d p r i 
m a r i l y t o d e t e r m i n e d e p t h s t o t h e 
b e d r o c k s u r f a c e , and t o i n t e r p r e t 
t h e p r o b a b l e p r o f i l e s o f t h i s s u r 
f a c e a l o n g t h e l i n e o f t r a v e r s e . 
H i e d e p t h s t o b e d r o c k a r e d e t e r m i n 
a b l e o n l y f o r t h e e n d s o f a t r a 
v e r s e , a t w h i c h p o i n t s t h e e x p l o 
s i v e c h a r g e s a r e s e t o f f . T h e 
v a r i a t i o n s o f t h e wave v e l o c i t i e s 
be tween t h e s e p o i n t s w i l l , h o w e v e r , 
i n d i c a t e t h e s l o p e and c h a n g e s i n 

s l o p e o f t h e r o c k s u r f a c e r e l a t i v e 
t o t h e g r o u n d s u r f a c e so t h a t t h e 
s e i s m o l o g i s t i s a b l e t o i n t e r p r e t 
a c o m p l e t e p r o f i l e o f t h e b e d r o c k 
s u r f a c e b e t w e e n t h e e n d s o f t h e 
t r a v e r s e . By u s i n g a s u f f i c i e n t 
n u m b e r o f s e i s m i c d e t e c t o r s a n d 
c h o o s i n g t h e p r o p e r s p a c i n g f o r 
t h e m a c o n s i d e r a b l e amoun t o f d e 
t a i l may be o b t a i n e d . The c l o s e r 
t h e s p a c i n g o f d e t e c t o r s t h e more 
d e t a i l e d w i l l be t h e d a t a , b u t i n 
some p l a c e s , where t h e b e d r o c k s u r 
f a c e i s v e r y i r r e g u l a r , t h e d a t a 
o b t a i n e d b y c l o s e s p a c i n g may b e 
come v e r y c o m p l i c a t e d and t h e b e d 
r o c k i r r e g u l a r i t i e s may be i n t e r 
p r e t e d w i t h l e s s c l a r i t y t h a n t h e 
g e n e r a l s l o p e o f t h e s u r f a c e . 
U s i n g t h e p r o f i l e s p l o t t e d by t h e 
s e i s m o l o g i s t , t h e g e o l o g i s t c o m 
p l e t e s t h e g e o l o g i c s e c t i o n a l o n g 
t h e t r a v e r s e by i n t e r p r e t i n g t h e 
m a t e r i a l s on t h e b a s i s o f h i s l o c a l 
g e o l o g i c s t u d i e s . I n p l a c e s it i s 
p o s s i b l e t o i n t e r p r e t , f r o m c o o r 
d i n a t e d s e i s m i c and g e o l o g i c d a t a , 
s e v e r a l s u c c e s s i v e l a y e r s , s u c h as 
l o o s e s a n d on c l a y on b e d r o c k , o r 
l o o s e t i l l on compac t t i l l on b e d 
r o c k . F i g u r e 2 i l l u s t r a t e s g e o l o 
g i c s e c t i o n s i n t e r p r e t e d upon s e i s 
m i c p r o f i l e s f o r a s p e c i f i c h i g h w a y 
l o c a t i o n . 

I t has been s t a n d a r d p r a c t i c e t o 
make a p r o f i l e f i r s t a l o n g t h e h i g h 
way c e n t e r l i n e , and as n e e d e d t o 
make a d d i t i o n a l p a r a l l e l o r c r o s s 
p r o f i l e s . A f ew l o c a t i o n s have r e 
q u i r e d b u t t h e s i n g l e c e n t e r l i n e 
p r o f i l e t o g e t h e r w i t h a r e a l g e o l o 
g i c d a t a t o show t h a t t h e b e d r o c k 
s u r f a c e i s w e l l b e l o w t h e p r o p o s e d 
c u t and t h e s o i l m a t e r i a l i s u n i 
f o r m . Where s h a l l o w b e d r o c k i s i n 
d i c a t e d by t h e c e n t e r l i n e p r o f i l e , 
h o w e v e r , and p r o b a b l e v a r i a b i l i t y 
i s i n d i c a t e d by t h e s u r f a c e g e o l o g y , 
a d d i t i o n a l p r o f i l e s a r e a g r e e d upon 
by t h e g e o l o g i s t , t h e s e i s m o l o g i s t , 
and t h e e n g i n e e r , t o s a t i s f y t h e i r 
i n d i v i d u a l r e q u i r e m e n t s f o r c o n t r o l 
d a t a . Where i t i s d e s i r e d t o p l o t 
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u _ Bo ie t i n e of Propoie,( 

outcrops 

Scale 
SO Z5 Q 100 Feet 

O Shot Point 

O Base Line Station 

F i g u r e 3 . P l a n Of S e i s m i c T r a v e r a e 
U . S. 1 , Peabody 

c o n t o u r s o f t h e b e d r o c k s u r f a c e , 
a d d i t i o n a l p r o f i l e s a r e n a d e t o 
g i v e a n a r e a l s p r e a d o f a c t u a l 
d e p t h d e t e r m i n a t i o n s . A t b r i d g e 
s i t e s t r a v e r s e s have been a r r a n g e d 
i n T * s h a p e o n b o t h s i d e s o f t h e 
r i v e r ; t h i s a r r a n g e m e n t g i v e s s e v 
e r a l d e p t h d e t e r m i n a t i o n s a t t h e 
p i e r l o c a t i o n s , a n d t h e s l o p e s o f 
t h e b e d r o c k s u r f a c e a l o n g t h e c e n -
t e r l i n e . C l o v e r l e a f u n d e r p a s s l o 
c a t i o n s may r e q u i r e a c o n s i d e r a b l e 
n e t o f t r a v e r s e s ( see F i g u r e 3 ) . 

Wash b o r i n g s have commonly been 
used t o d e t e r m i n e s u b s u r f a c e c o n d i 
t i o n s and m a t e r i a l s ; " r e f u s a l s " i n 
s u c h b o r i n g , h o w e v e r , a r e commonly 
u n s a t i s f a c t o r y , because t h e r e i s no 
d i s c r i m i n a t i o n b e t w e e n r e f u s a l due 
t o a b o u l d e r and one due t o b e d r o c k . 
Numerous b o r i n g s may be r e q u i r e d t o 
d i s t i n g u i s h a l a r g e g l a c i a l b o u l d e r 
f r o m b e d r o c k , b u t a s i n g l e s e i s m i c 

s A t P r o p o s e d Underpass O f R o u t e 
, M a s s a c h u s e t t s 
t r a v e r s e w i l l i n d i c a t e w h e t h e r o r 
n o t r e f u s a l s a l o n g a l i n e o f b o r i n g s 
a r e due t o one o r t h e o t h e r . Thus 
t h e s e i s m i c me thod i s o f c o n s i d e r 
a b l e v a l u e f o r i n t e r p r e t i n g b o r i n g 
d a t a a n d c o n t r o l l i n g o r l i m i t i n g 
t h e c h o i c e o f b o r e - h o l e l o c a t i o n s . 

S e i s m i c m e t h o d s have been u s e d 
f o r a l o n g t i m e i n deep s u b s u r f a c e 
e x p l o r a t i o n , e s p e c i a l l y b y t h e p e 
t r o l e u m i n d u s t r y , b u t t h e a p p l i c a 
t i o n o f t h e s e i s m i c r e f r a c t i o n 
me thod t o s u c h s h a l l o w - d e p t h s t u d i e s 
as a r e i n v o l v e d i n h i g h w a y e n g i n 
e e r i n g i s b e l i e v e d t o be r a t h e r a 
p i o n e e r a p p r o a c h t o t h e p r o b l e m s o f 
h i g h w a y l o c a t i o n and d e s i g n . T h e r e 
a r e c e r t a i n d i f f i c u l t i e s t o o v e r 
come a n d c e r t a i n o t h e r s t h a t may 
n o t be r e s o l v e d , b u t t h e t e c h n i q u e 
i s i m p r o v i n g and has been d e c i d e d l y 
h e l p f u l i n many p l a c e s . E x p e r i m e n 
t a t i o n i s b e i n g c a r r i e d o n t o d e -
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t e r m i n e t h e o p t i m u m s p a c i n g o f d e 
t e c t o r s and l e n g t h s o f t r a v e r s e s 
f o r v a r i o u s p u r p o s e s and t e r r a i n 
c o n d i t i o n s . F u r t h e r r e s e a r c h i s 
needed on c e r t a i n p a r t i c u l a r a p p l i 
c a t i o n , as i n some t y p e s o f swampy 

g r o u n d , and a r ea s i n w h i c h t h e b e d 
r o c k s u r f a c e i s v e r y u n e v e n . I t i s 
e x p e c t e d t h a t some o f t h e p r o b l e m s 
w i l l be s o l v e d t h r o u g h t h e r e s e a r c h 
t h a t i s b e i n g i n c l u d e d i n t h e Massa
c h u s e t t s c o o p e r a t i v e p r o g r a m . 
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S. J., S e t s B o I o g i s t ICeston C o l l e g e 

T h i s p a p e r , a s o n e o f t h r e e 
t r e a t i n g g e o l o g i c a l and s e i s m o l o -
g i c a l r e s e a r c h and t h e i r a p p l i c a 
t i o n t o h i g h w a y l o c a t i o n and d e s i g n , 
d e a l s e s p e c i a l l y w i t h t h e s e i s m o -
l o g i c a l a s p e c t o f t h e s t u d y . The 
s e i s m i c s u r v e y s w e r e o p e r a t e d b y 
Weston O b s e r v a t o r y , a d e p a r t m e n t o f 
B o s t o n C o l l e g e , C h e s t n u t H i l l , 
M a s s a c h u s e t t s . 

F o r a more c o m p l e t e u n d e r s t a n d 
i n g o f t h e s e i s m i c r e f r a c t i o n me thod 
as u s e d i n t h e s e s u r v e y s , t h e r e a d e r 
i s r e f e r r e d t o t h e t e x t s l i s t e d a t 
t h e end o f t h i s p a p e r . H o w e v e r , i n 
c o n s i d e r a t i o n f o r t h e s e u n f a m i l i a r 
w i t h t h e m e t h o d a n d who may n o t 
h a v e t h e t i m e o r o p p o r t u n i t y t o 
s t u d y a t e x t , a v e r y b r i e f o u t l i n e 
o f t h e p r o c e d u r e i s i n s e r t e d . 

The Method The s e i s m i c m e t h o d i s 
ba sed p r i m a r i l y on t h e measu remen t 
o f t h e t i m e f o r t h e a d v a n c e o f a 
wave f r o n t g e n e r a t e d f r o m an e x p l o 
s i o n . T h i s measu remen t i s made by 
t i m i n g t h e a r r i v a l o f t h e wave a t 
v a r i o u s i n s t r u m e n t s p l a c e d i n p r o 
g r e s s i o n away f r o m t h e e x p l o s i o n o r 
" s h o t p o i n t " . 

The d i a g r a m . F i g u r e 4 , r e p r e s e n t s 
t h e a d v a n c e o f a wave f r o n t i n a 
t w o l a y e r s t r u c t u r e c o n s i s t i n g o f 
a b o u t 80 f t . o f g r a v e l on b e d r o c k . 
T h e wave t r a v e l s a b o u t 5 , 0 0 0 f t . 
p e r s e c . i n t h e g r a v e l , a n d a b o u t 
2 0 , 0 0 0 f t . p e r s e c . i n t h e b e d r o c k . 
I n s u c h a c o n d i t i o n a wave f r o n t 
w i l l be an a p p r o x i m a t e s p h e r e o f 
5 0 - f t . r a d i u s . 0 1 s e c . a f t e r i t 
l e a v e s t h e s h o t p o i n t as r e p r e s e n t e d 
i n t h e d i a g r a m . A b o u t . 0 1 6 s e c . 
a f t e r t h e s h o t , i t r e a c h e s t h e r o c k 
s u r f a c e a t p o i n t A . From t h i s p o i n t 
o f c o n t a c t a w a v e l e t s t a r t s i n t o 
t h e r o c k w i t h a v e l o c i t y o f 2 0 , 0 0 0 

f t . p e r s e c . and . 0 2 s e c . a f t e r t h e 
s h o t t h e w a v e l e t h a s r e a c h e d t h e 
d i s t a n c e n o t e d b y t h a t c i r c l e i n 
t h e d i a g r a m , n o t o n l y v e r t i c a l l y 
b e l o w A , b u t r a d i a t i n g i n a l l d i 
r e c t i o n s w i t h i n t h e r o c k , s o t h a t 
even a l o n g t h e g r a v e l - r o c k c o n t a c t 
t h e wave f r o n t has r e a c h e d t h e p o i n t 
B . H o w e v e r , a l o n g t h e c o n t a c t t h e 
t h e wave i n t h e r o c k s t a r t s a new 
s e r i e s o f w a v e l e t s t h a t emanate i n 
t o t h e g r a v e l a n d a r e d i r e c t e d t o 
t h e g r a v e l s u r f a c e . The w a v e l e t s 
a t B and C a r e b u t two o f many such 
w a v e l e t s p r e s e n t , and t h e i r e n v e l 
ope i s t h e new r e f r a c t e d wave as 
s h o w n ( D - E ) . 0 2 5 s e c . a f t e r t h e 
s h o t . 

F i g u r e 5 d i a g r a m s t h e c o n t i n u e d 
advance o f t h e wave f r o n t u n t i l . 05 
s e c . a f t e r t h e s h o t , w i t h t h e a r r i 
v a l t i m e s a t t h e i n s t r u m e n t s p l o t t e d 
a g a i n s t t h e d i s t a n c e f r o m t h e s h o t 
p o i n t . C l e a r l y , t h e w a v e f r o n t 
t h r o u g h t h e g r a v e l t r a v e l s on t o 
e a c h i n s t r u m e n t a t 5 , 0 0 0 f t . p e r 
s e c , b u t t h e r e i s a p o i n t a l o n g 
t h e l i n e , o r p r o f i l e , w h e r e t h e 
wave f r o n t r e f r a c t e d f r o m t h e r o c k , 
o w i n g t o i t s h i g h e r v e l o c i t y g a i n e d 
f r o m t h e r o c k , w i l l r e a c h an i n 
s t r u m e n t b e f o r e t h e d i r e c t w a v e . 
I n t h e d i a g r a m t h i s i s a p o i n t a 
l i t t l e more t h a n 200 f t . f r o m t h e 
s h o t p o i n t . Thus t h e v e l o c i t i e s o f 
t h e m a t e r i a l s may be d e t e r m i n e d ; 
t h o s e o f t h e e a r l i e r a r r i v a l s may 
be c o m p u t e d t o be 5 , 0 0 0 f t . p e r 
s e c , t h e v e l o c i t y o f t h e g r a v e l i n 
t h e p r o b l e m , and t h e l a t e r a r r i v a l s 
f a l l a l o n g a l i n e whose s l o p e e q u a l s 
2 0 , 0 0 0 f t . p e r s e c , o r t h e v e l o c i t y 
o f t h e b e d r o c k . The d i s t a n c e f r o m 
t h e s h o t p o i n t t o t h e p o i n t o f i n 
t e r s e c t i o n o f t h e s e t w o l i n e s i s 
c o n t r o l l e d by t h e t h i c k n e s s o f t h e 
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g r a v e l , and t h e g r e a t e r t h e t h i c k 
n e s s , t h e g r e a t e r w i l l be t h e d i s 
t a n c e o f t h e i n t e r s e c t i o n f r o m t h e 
s h o t p o i n t . From t h i s t h e s e i s m o 
l o g i s t i s a b l e t o d e t e r m i n e t h e 
d e p t h t o b e d r o c k . The v e l o c i t i e s 
a r e f u n c t i o n s o f t h e t y p e s o f s o i l 
c o v e r and b e d r o c k . A f e w o f t h e s e 
v e l o c i t i e s w i l l be l i s t e d b e l o w . 

F u r t h e r m o r e , and as may r e a d i l y 
be s e e n , i f t h e r o c k s u r f a c e i s i n 
c l i n e d i n s t e a d o f p a r a l l e l t o t h e 
s u r f a c e o f t h e g r o u n d , t h e v e l o c i 
t i e s o f t h e r o c k as d e t e r m i n e d w i l l 
d i f f e r a c c o r d i n g t o t h e d i r e c t i o n 
i n w h i c h t h e s h o t was r e c o r d e d . 
S u c h v e l o c i t i e s a r e k n o w n as t h e 
" a p p a r e n t " v e l o c i t i e s . I f t h e r o c k 
s u r f a c e s l o p e s d o w n w a r d f r o m t h e 
s h o t p o i n t , t h e r e f r a c t e d wave w i l l 
h ave t o t r a v e l f a r t h e r t o t h e s u r 
f a c e a t e a c h s u c c e s s i v e i n s t r u m e n t 
a n d t h e v e l o c i t y w i l l be s l o w e r 
t h a n t h e " t r u e " v e l o c i t y o f t h e 
r o c k . I f t h e r o c k s l o p e s u p w a r d 
f r o m t h e s h o t p o i n t t h e r e i s l e s s 
d i s t a n c e f o r t h e wave t o t r a v e l and 
t h e a p p a r e n t v e l o c i t y i s g r e a t e r 
t h a n t h e t r u e o n e . The t r u e v e l o 
c i t y v a l u e m u s t be c o m p u t e d f r o m 
t h e t w o a p p a r e n t v e l o c i t i e s ; t h e s e 
do i n d i c a t e , h o w e v e r , t h e d i r e c t i o n 
and a p p r o x i m a t e amount o f s l o p e o f 
a r o c k s u r f a c e . H e n c e , e a c h p r o 
f i l e m u s t be " r e v e r s e d , " t h a t i s , 
s h o t p o i n t s a r e t a k e n a t b o t h ends 

o f t h e i n s t r u m e n t a l s e t - u p o r p r o 
f i l e . 

A g a i n , i f t h e r o c k s u r f a c e i s 
s m o o t h t h e a r r i v a l t i m e s w i l l f a l l 
a l o n g a s t r a i g h t l i n e ; i f t h e s u r 
f a c e i s i r r e g u l a r t h e a r r i v a l t i m e s 
w i l l v a r y a c c o r d i n g t o t h e r i s e o r 
f a l l o f t h e r o c k s u r f a c e . The p o 
s i t i o n s o f t h e s e p o i n t s g e n e r a l l y 
g i v e a m i r r o r r e f l e c t i o n o f t h e 
r o c k s u r f a c e . 

F i e l d f q u i p s e n t Employed The s e i s 
m i c e q u i p m e n t e m p l o y e d i n m a k i n g 
t h e s e s u r v e y s i s owned i n p a r t b y 
W e s t o n O b s e r v a t o r y , and i n p a r t i s 

o n l o a n t o t h e O b s e r v a t o r y b y t h e 
H u m b l e O i l a n d R e f i n i n g C o m p a n y , 
H o u s t o n , T e x a s . The e q u i p m e n t c o n 
s i s t s o f 12 s e i s m o m e t e r s o f ' t h e 
m a g n e t i c - r e l u c t a n c e t y p e s u i t a b l e 
f o r s u r f a c e o r u n d e r w a t e r w o r k , 12 
a m p l i f i e r s , r e c o r d i n g camera , d a r k 
room, w a t e r s u p p l y , two r e e l s h o l d 
i n g 7 5 0 f t . e a c h o f 1 2 - c h a n n e l 
c a b l e , g r o u n d a u g e r s , e t c . T h e s e 
a r e mounted i n a i K - t o n p a n e l t r u c k 
f i t t e d w i t h f o u r w h e e l d r i v e a n d 
f r o n t end w i n c h . Thus t h e e q u i p 
ment c o u l d be c a r r i e d t o a l m o s t any 
t y p e o f t e r r a i n . 

Profile Lengths O u t l e t s o n t h e 
c a b l e were p l a c e d e v e r y 100 f t . p e r 
m i t t i n g p r o f i l e s u p t o 1 1 0 0 f t . 
l o n g t o be made w i t h i n s t r u m e n t i n 
t e r v a l s o f 1 0 0 f t . When c l o s e r 
s p a c i n g i s d e s i r e d t h e e x t r a w i r e 
i s c o i l e d n e a r t h e i n s t r u m e n t s . 
T h e c l o s e r t h e s p a c i n g u s e d t h e 

more d e t a i l e d w i l l be t h e b e d r o c k 
v e l o c i t y l i n e , a l t h o u g h l e s s d e p t h 
c a n be d e t e r m i n e d p e r s e t - u p a n d 
l e s s t e r r i t o r y c o v e r e d p e r d a y . The 
v a r i o u s p r o f i l e l e n g t h s and c o r r e s 
p o n d i n g d e p t h s t h a t may be d e t e r 
m i n e d a r e g i v e n b e l o w : 

Spacing P r o f i l e Length Depth Desired 
f t . f t . f t . 
10 
I S 
20 
SO 

100 

110 
16S 
220 
SSO 

1100 

0 to 30 
0 to 40 

10 to 70 
25 to 160 
SO to 300 

O t h e r s e t - u p s h a v e b e e n t r i e d 
b u t t h e above d i s t a n c e s a r e t h o s e 
mos t commonly u s e d i n t h e t y p e s o f 
p r o b l e m s d e s c r i b e d h e r e i n . S u c h 
a r r a n g e m e n t s c o n s i d e r e d i n t h e 
l i g h t o f t h e m e t h o d g i v e n a b o v e 
w i l l show t h a t t h e s e i s m o l o g i s t , 
g e o l o g i s t , and e n g i n e e r w o r k i n g t o 
g e t h e r may d e t e r m i n e a f a i r l y a c 
c u r a t e p i c t u r e o f s u b s u r f a c e c o n d i 
t i o n s . A f e w o f o u r t y p e p r o b l e m s 
and r e s u l t s f o l l o w . 
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Bedrock Depth Determinations D e p t h 
t o b e d r o c k i s f r e q u e n t l y one o f t h e 
more i m p o r t a n t q u e s t s o f t h e h i g h 
way e n g i n e e r , and f o r t u n a t e l y one 
o f t h e e a s i e s t p r o b l e m s f o r t h e 
s e i s m o l o g i s t t o s o l v e . The l a t t e r 
r e q u i r e s b u t a r o c k w i t h s u f f i 
c i e n t l y h i g h v e l o c i t y i n c o m p a r i s o n 
w i t h t h e o v e r b u r d e n . I n M a s s a c h u 
s e t t s b o t h c r y s t a l l i n e a n d n o n 
c r y s t a l l i n e b e d r o c k s t r a n s m i t l o n g i 
t u d i n a l waves w i t h v e l o c i t i e s f a 
v o r a b l y h i g h . R a r e l y a r e t h e r o c k 
v e l o c i t y c o n s t a n t s l e s s t h a n 1 2 , 0 0 0 
f t . p e r s e c , a n d f r o m w h a t h a s 
been e x p l a i n e d i n t h e p r e v i o u s p a r a 
g r a p h s s u c h v e l o c i t i e s f a c i l i t a t e 
d e p t h d e t e r m i n a t i o n . M o r e o v e r , i r 
r e g u l a r i t i e s i n t h e r o c k s u r f a c e as 
s l o p e s , t e r r a c e s , e t c . , s t a n d o u t 
c l e a r l y w i t h o f f s e t s i n t h e v e l o c i t y 
l i n e . I n some o f t h e metamorphosed 
r o c k s o f M a s s a c h u s e t t s , l o c a l p a r t s 
o f t h e r o c k may r a i s e t h e v e l o c i t y 
u n d e r an i n s t r u m e n t o r t w o ; s u c h an 
e f f e c t m i g h t be m i s l e a d i n g and u s u 
a l l y c a l l s f o r s e v e r a l c r o s s p r o 
f i l e s a s w e l l as t h e r e v e r s a l t o 
d e l i n e a t e t h e b e d r o c k s u r f a c e . The 
o p i n i o n o f t h e g e o l o g i s t a n d h i s 
k n o w l e d g e o f t h e l o c a l g e o l o g y p l a y s 
a g r e a t p a r t i n t h e i n t e r p r e t a t i o n 
o f such c o n d i t i o n s . 

D e t e r m i n a t i o n of Soils, Gravels, 
Etc. S o u n d v e l o c i t i e s a r e f r e 
q u e n t l y i n d i c a t i v e o f t h e t y p e o f 

c o v e r , a n d t h e f o l l o w i n g t a b l e i s 
c h a r a c t e r i s t i c o f some o f t h e s e de 
p o s i t s i n M a s s a c h u s e t t s . 

E v i d e n t l y , t h e o v e r l a p p i n g o f 
t h e s e v e l o c i t i e s p r e c l u d e s any e x 
a c t d e s i g n a t i o n o f m a n y o f t h e 
b u r i e d d e p o s i t s , b u t t h e v e l o c i t y 
r ange does g i v e some measure 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 
m a t e r i a l , e s p e c i a l l y i t s s t r e n g t h , 
t h a t a r e d e t e r m i n e d b y c o m p a c t n e s s 
and c r y s t a l l i n i t y . 

T h r o u g h o u t t h e g r e a t e r p a r t o f 
M a s s a c h u s e t t s i t i s q u i t e i m p o s s i b l e 

t o d e t e r m i n e t h e d e p t h o f t h e w a t e r 
t a b l e by t h e s e i s m i c method because 
m o s t o f t h e m a t e r i a l s , w e t o r d r y , 
have v e l o c i t i e s i n t h a t r a n g e . On 
Cape C o d , w h e r e t h e u n c o n s o l i d a t e d 
s u r f a c e s e d i m e n t s may e x t e n d t o 
d e p t h s o f s e v e r a l h u n d r e d f e e t , we 
b e l i e v e we have l o c a t e d w a t e r t a b l e s 
i n p l a c e s b u t t o d a t e we h a v e n o t 
been a b l e t o check o u r d a t a a g a i n s t 
b o r i n g s . T h e s e v e l o c i t i e s may 
c h a n g e d u r i n g t h e s e a s o n o f t h e 
y e a r d e p e n d i n g u p o n t h e w a t e r c o n 
t e n t o f t h e s o i l s , t h a t i s , t h e 
m a r k e d r i s e end f a l l o f t h e w a t e r 
t a b l e . 

V e l o c i t y 
f t . per sec. 

1,000 to 2.000 

l.SOO to 3,000 

3,500 to 5,500 

S.OOO 

Ma t e r i a l 

Dry loam; some aeo-
l i a n d e p o s i t s . 

Dry sands; loose 
t i l l , e t c . 

Compact t i l l s ; g r a v e l s 
w i t h i n the water 
t a b l e , e t c . Some 
c l a y s . 

Varved claya i n Con
nec t i cu t River Va l ley . 

6,000 to 8,500 'Hardpan" compact older 
t i l l s , , e tc ; some 
f o l i a t e d bedrock 
across s c h i s t o c i t y 

Road Cuts Through Clays I f a c l a y 
l a y e r i s t h i n i t may n o t be d e t e c t e d 
u n l e s s t h e i n s t r u m e n t a l s p a c i n g i s 
v e r y s h o r t ; w i t h g r e a t e r t h i c k n e s s 
i t s d e t e c t i o n i s p o s s i b l e by s e i s 
m i c m e t h o d s , and s u c h d e t e c t i o n i s 
n e c e s s a r y i f a r o a d c u t passes i n t o 
o r t h r o u g h t h e c l a y . I f s u c h a 
l a y e r a p p e a r s o n t h e f a c e o f t h e 
c u t , i t may d r a i n w a t e r f r o m t h e 
s u r r o u n d i n g a r e a o n t o t h e c u t f a c e 
and cause e r o s i o n . I t i s a l s o i m 
p o r t a n t t o know w h e t h e r t h i s l a y e r 
i s d r a i n i n g i n t o t h e c u t o r away 
f r o m i t . 

I n C h i c o p e e such a s i t e was s u r 
v e y e d s e i s m i c a l l y w i t h v e r y g o o d 
r e s u l t s . The v a r v e d c l a y s p r e s e n t 
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gave v e l o c i t i e s o f e x a c t l y 5 ,000 f t . 
p e r s e c , and t h e s a n d c o v e r was 
l e s s t h a n 2 , 0 0 0 f t . p e r s e c . I n 
s t r u m e n t s w e r e s p a c e d a t 5 - f t . i n 
t e r v a l s and t h e s o u n d e n e r g y was 
s u p p l i e d i n some c a s e s by s t r i k i n g 
t h e g r o u n d w i t h a s h o v e l . S m a l l 
d e p r e s s i o n s , d i p s , e t c . , were e a s i l y 
seen i n t h e s u r f a c e o f t h e s e c l a y s . 

Bridge Foundations A l t h o u g h b e d r o c k 
m i g h t be d e s i r e d f o r a b r i d g e f o u n 
d a t i o n , i t i s n o t a l w a y s n e c e s s a r y . 
I f i t i s t o o d e e p , t h e n a c o m p a c t 
t i l l i s s a t i s f a c t o r y and t h e shape 
and s t r u c t u r e o f t h e f o u n d a t i o n i s 
d e t e r m i n e d b y t h e s u p p o r t i n g 
s t r e n g t h o f t h e m a t e r i a l . B o r i n g s 
a l o n e may be m i s l e a d i n g i n g l a c i a t e d 
r e g i o n s o w i n g t o t h e p r e s e n c e o f 
b o u l d e r s o r v a r i a t i o n s i n t h e s u r 
f a c e o f t h e t i l l . 

A t S h e l b u r n e F a l l s , a s i t e t r e a t 
ed more c o m p l e t e l y i n a n o t h e r paper 
o f t h i s s e r i e s , t h e s e i s m i c d a t a 
d e m o n s t r a t e d b e d r o c k some d i s t a n c e 
b e l o w t h e r e f u s a l d e p t h s o f t h e 
b o r i n g s ( s e e F i g u r e 2 ) . As i s e v i 
d e n t f r o m t h e p r o f i l e o f t h i s s e c 
t i o n , t h e b o r i n g s s t o p p e d a t t h e 
t i l l s u r f a c e . However , t h e s e i s m i c 
d a t a d i d show an a r e a o f l o w v e l o 
c i t y c u t t i n g i n t o t h e t i l l s u r f a c e 
a c r o s s t w o p a r a l l e l p r o f i l e s . T h i s 
was i n t e r p r e t e d as an e a r l y d r a i n a g e 
c h a n n e l t h a t became f i l l e d w i t h 
l o w e r v e l o c i t y m a t e r i a l , a n d , f o r 
t h e e n g i n e e r , m a t e r i a l o f l e s s 
s t r e n g t h . W i t h o u t t h e a c c o m p a n y i n g 
s e i s m i c d a t a t h e r e s u l t s o f t h e 
d r i l l e r m i g h t p r o v e c o n f u s i n g h e r e . 

L o c a t i o n of Fill M a t e r i a l s h a v i n g 
good b i n d i n g p r o p e r t i e s f o r f i l l i n 
d a m s , r e t a i n i n g w a l l s , e t c . , a r e 
e a s i l y d i s c o v e r e d f r o m t h e i r v e l o 
c i t i e s . D e p o s i t s w i t h v e l o c i t i e s 
f r o m 6 , 0 0 0 t o 8 , 0 0 0 f t . p e r s e c . 
a p p e a r t o s a t i s f y t h e e n g i n e e r ' s 
r e q u i r e m e n t s . F r e q u e n t l y t h e s e 
m a t e r i a l s a r e b u r i e d u n d e r o t h e r 
d e p o s i t s a n d u n l e s s t h e s e i s m i c 
method i s e m p l o y e d i n s e a r c h i n g f o r 

t h e m , t h e i n v e s t i g a t i o n may become 
e x p e n s i v e . One e x a m p l e o f s u c h a 
d e p o s i t was s u r v e y e d i n W o r c e s t e r . 
The s e i s m i c d a t a showed a c o v e r o f 
a b o u t 20 f t . o f l o w v e l o c i t y m a t e r i 
a l o v e r 70 f t . o f h i g h v e l o c i t y 
t i l l . The e n t i r e a r ea was s u r v e y e d 
s e i s m i c a l l y a n d t h e a p p r d x i m a t e 
number o f c u b i c y a r d s o f m a t e r i a l 
c o u l d be d e t e r m i n e d . B o r i n g s a t 
one p o i n t b r o u g h t up s a m p l e s t h a t 
met t h e e n g i n e e r s ' demands. 

C l o s e S p a c i n g of Instruments C l o s e 
s p a c i n g o f i n s t r u m e n t s , as m e n t i o n e d 
a b o v e , a f f o r d s d e t a i l o n b e d r o c k 
a n d c o v e r c o n d i t i o n s . A t t i m e s , 
h o w e v e r , a p l e t h o r a o f d e t a i l may 
c o n f u s e t h e i n t e r p r e t e r , a case o f 
n o t s e e i n g t h e woods b e c a u s e t o o 
many t r e e s o b s c u r e t h e l i n e o f v i 
s i o n . Where t h e r o c k s u r f a c e i s 
v e r y i r r e g u l a r t h e v a r i a t i o n s o f 
t h e v e l o c i t y l i n e s a r e l i k e w i s e so 
i r r e g u l a r t h a t t h e d e t e r m i n a t i o n o f 
a t r u e v e l o c i t y may be a l m o s t i m 
p o s s i b l e . The a p p a r e n t v e l o c i t i e s 
r u n t h e gamut f r o m e x t r e m e l y l o w t o 
v e r y h i g h and even " n e g a t i v e " v e l o 
c i t i e s . Under t h e s e c o n d i t i o n s i t 
i s b e t t e r t o o p e r a t e s e v e r a l w i d e r -
s p a c e d p r o f i l e s m e r e l y t o o b t a i n 
t h e t r u e v e l o c i t y a n d a g e n e r a l 
i d e a o f t h e b e d r o c k s l o p e . A f t e r 
w a r d s t h e s h o r t e r p r o f i l e s become 
u n d e r s t a n d a b l e and c r o s s p r o f i l i n g 
c l a r i f i e s t h e p i c t u r e . 

I n P e a b o d y a p a s s u n d e r U . S . 
R o u t e N o . 1 r e q u i r i n g a t l e a s t 20 
f t . o f c u t d e m o n s t r a t e s t h e use o f 
t h i s s p a c i n g . T h e p l a n o f t h i s 
a r e a w i t h l e d g e and a p p a r e n t l e d g e 
o u t c r o p s made t h e p r o p o s a l a p p e a r 
e x p e n s i v e . T h i s p l a n as g i v e n i n 
F i g u r e 3 s h o w s t h e l o c a t i o n s o f 
b e d r o c k o u t c r o p s and o f t h e o p e r a t e d 
p r o f i l e s . 

A s e i s m i c s u r v e y was r u n a l o n g 
t h e c e n t e r l i n e u s i n g 110 f t . p r o 
f i l e s , w i t h one 220 f t . p r o f i l e f r o m 
A t o C t o d e t e r m i n e b e d r o c k v e l o 
c i t i e s w h e r e c o n d i t i o n s w e r e l e a s t 
c o n f u s i n g . C r o s s p r o f i l e s w e r e 
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F i g u r e 6 . G e o l o g i c i n t e r p r e t a t i o n o f S e i s m i c P r o f i l e s A l o n g 
C e n t e r l i n e Underpass o f Rou te U . S. 1 , Peabody , M a s s a c h u s e t t s 

( s ee a l s o F i g u r e 3 ) . 
a l s o f r e e l y u s e d t o check t h e c e n 
t e r l i n e p r o f i l e s as w e l l as t h e 
d e p t h a l o n g t h e w i d t h o f t h e c u t . 
E v i d e n c e o f a s h a r p r i s e b e t w e e n 
s t a t i o n s 17 and 18 r e s u l t e d f r o m 
t h e s e i s m i c s u r v e y , and a f t e r s e v 
e r a l c r o s s and a n g u l a r p r o f i l e s i n 
t h i s v i c i n i t y t h e s e i s m o l o g i s t i n 
t e r p r e t e d t h i s r i s e t o be i n t h e 
shape o f a s m a l l b u t p r o m i n e n t k n o b . 
These p r o f i l e s a l s o showed some ap 
p a r e n t o u t c r o p s t o be l a r g e b o u l 
d e r s . N e a r G i s a l a r g e o u t c r o p 
l e d g e , b u t t h e s e i s m i c e v i d e n c e 
showed t h a t t h i s l e d g e d r o p p e d ab 
r u p t l y , s o t h a t a f e w f e e t a w a y 
f r o m i t b e d r o c k was a t l e a s t 20 f t . 
deep . E x c a v a t i o n t o d a t e has b r o a d 
l y s u b s t a n t i a t e d t h e s e i s m i c i n t e r 
p r e t a t i o n . The l e d g e has been f o u n d 
t o d r o p s h a r p l y , and c e r t a i n a p p a r 
e n t o u t c r o p s a r e v e r y l a r g e b o u l 
d e r s , one o f w h i c h i s a t l e a s t 10 
f t . i n d i a m e t e r . The k n o b o f r o c k 
r i s e s , b u t i s a p p r o x i m a t e l y 20 f t . 
t o t h e w e s t o f t h e s p o t i n d i c a t e d 
a n d a l i t t l e o f f t h e c e n t e r l i n e . 
The s e i s m i c p r o f i l e o f t h i s t r a v e r s e 
a p p e a r s i n F i g u r e 6 , a h e a v y l i n e 
s h o w i n g t h e e x a c t p o s i t i o n o f t h e 
l e d g e 9 s u n c o v e r e d a n d a d o t t e d 
l i n e s h o w i n g t h e amount o f e x c a v a 
t i o n t o d a t e o f t h i s p a p e r . 
Difficulties S e v e r a l t i m e s d u r i n g 
t h e e x c a v a t i o n a t t h e Peabody s i t e , 
j u s t d e s c r i b e d , t h e s t e a m s h o v e l 
o p e r a t o r was u n d e r t h e i m p r e s s i o n 

t h a t l e d g e had been r e a c h e d a b o v e 
t h e s e i s m i c l i n e , b u t f u r t h e r e x c a 
v a t i o n p r o v e d such t o be b o u l d e r s . 
We have f o u n d i t d i f f i c u l t t o d i s 
t i n g u i s h be tween s o - c a l l e d " b o u l d e r 
n e s t s " and r o c k s u r f a c e i r r e g u l a r i 
t i e s . U s u a l l y , when s u c h d i s c r e 
p a n c i e s a p p e a r , o u r p r o f i l e l i n e 
s i g n i f i e s v e l o c i t y c h a n g e s t h a t 
m i g h t i n d i c a t e e i t h e r . F i n a n c i a l l y 
i t w i l l p r o v e as e x p e n s i v e t o e x c a 
v a t e l a . r g e b o u l d e r s a s i t d o e s 
l e d g e , a l t h o u g h p l a n n i n g by t h e e n 
g i n e e r f o r d r a i n a g e , e t c . , may n o t 
be as c o m p l i c a t e d . I t i s u n f o r t u 
n a t e t h a t a g r e a t e r d i s t i n c t i o n i n 
t h e s e v e l o c i t y l i n e s was n o t o b t a i n 
a b l e . I t w i l l he s e v e r a l m o n t h s 
b e f o r e t h e c u t i s c o m p l e t e d a t t h i s 
s i t e , a n d , no d o u b t , f u r t h e r e x c a 
v a t i o n w i l l d e l i n e a t e c o n d i t i o n s 
d i f f e r e n t i n some r e s p e c t f r o m t h e 
s i m p l e i n t e r p r e t a t i o n o f t h e s e i s 
m o l o g i s t . We f e e l t h a t t h e g e n e r a l 
p i c t u r e w i l l n o t d i f f e r t o o much 
f r o m i t and e x p e r i e n c e g a i n e d h e r e 
may be a p p l i e d t o f u t u r e and s i m i 
l a r p r o b l e m s . We h a v e f o u n d t h a t 
t h e c l o s e s p a c i n g o f s h o r t p r o f i l e s 
can be w o r k e d w i t h s u c c e s s . 

F r e q u e n t d i f f i c u l t i e s a r i s e i n 
g e n e r a t i n g s u f f i c i e n t e n e r g y i n 
c e r t a i n m a t e r i a l s . T h i s i s t r u e 
where t h e g r o u n d has been r e w o r k e d , 
and m a t e r i a l such as q u a r r i e d s t o n e 
has been dumped as a s h a l l o w c o v e r . 
The l a c k o f b i n d i n g m a t e r i a l i n t h e 
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i n t e r s t i c e s o f t h e r o c k p i e c e s 
damps t h e s o u n d w a v e . I n some d r y 
s a n d s , a s h e s , e t c . , i t i s b e t t e r , 
i f p o s s i b l e t o p l a c e t h e s h o t h o l e 
o u t s i d e o f o r b e l o w t h e s e m a t e r i a l s ; 
t h e y do n o t p e r m i t t h e g e n e r a t i o n 
o f a w a v e , b u t w i l l r e a d i l y t r a n s 
m i t i t o n c e i t h a s been g e n e r a t e d 
o u t s i d e o f t h e m a t e r i a l . 

I n some s w a m p l a n d s we have met 
w i t h l i t t l e s u c c e s s i f t h e r e i s a 
l a y e r o f t h i c k p e a t on t h e s u r f a c e . 
O u r r e s u l t s h a v e n o t c h e c k e d w i t h 
t h e b o r i n g s i n two s u c h p l a c e s ; a t 
L u n e n b e r g and M a n c h e s t e r . I n b o t h 
p l a c e s , t h e r e c o r d c h a r a c t e r i s t i c s 
were s u c h t h a t t h e s e i s m o l o g i s t was 
aware even b e f o r e p l o t t i n g t h a t r e 
s u l t s w o u l d n o t be s a t i s f a c t o r y . 
We a re q u i t e c e r t a i n t h a t o u r e r r o r 
was due t o i m p r o p e r p l a n t i n g o f t h e 
i n s t r u m e n t s . P l a n s have been made 
t o r e s h o o t t h e s e swamplands u s i n g 
d e e p e r i n s t r u m e n t p l a n t i n g t o g e t 
b e l o w t h e l o o s e p e a t on t o p . When 
t h e i n s t r u m e n t s were p l a c e d a t t h e 
edge o f some r o a d f i l l and o u t o f 
p e a t a t L u n e n b e r g , t h e s e i s m i c r e 
s u l t s c h e c k e d w i t h t h o s e o f t h e 
d r i l l e r . 

I n d e n s e l y p o p u l a t e d a r ea s s e i s 
m i c s u r v e y i n g may become d i f f i c u l t , 
b u t n o t i m p o s s i b l e . F o o t o r v e h i 
c u l a r t r a f f i c may cause s u f f i c i e n t 
g r o u n d u n r e s t t o r e n d e r t r i m m i n g o f 
t h e a m p l i f i e r s so l o w t h a t t h e am
o u n t o f e x p l o s i v e r e q u i r e d becomes 
e m b a r r a s s i n g , i f n o t d a n g e r o u s . 
U s u a l l y , h o w e v e r , i t i s p o s s i b l e t o 
h a l t t r a f f i c f o r t h e f ew moments o f 
a c t u a l s h o o t i n g o p e r a t i o n s . Ground 
u n r e s t f r o m f a c t o r y o p e r a t i o n s i s 
a n o t h e r q u e s t i o n , a n d we h a v e t o 
o p e r a t e d u r i n g t h e i r i n a c t i v e p e r i 
o d s . One f a c t o r y owner d i d accomo
d a t e us by s h u t t i n g down h i s p l a n t 
w h i l e we s h o t . 

Power l i n e s and a i r p o r t s c a u s e 
t r o u b l e a t t i m e s . T h e f o r m e r may 
be t a k e n c a r e o f by p r o p e r f i l t e r i n g 
i n t h e c i r c u i t s , b u t t h e l a t t e r n o t 
s o e a s i l y . T h e a i r w a v e f r o m t h e 
p r o p e l l e r n o i s e i s v e r y t r o u b l e s o m e 

and t h e l a r g e r p l a n e s g i v e us t h e 
m o r e t r o u b l e as t h e f r e q u e n c y i s 
n e a r e r t o t h a t o f t h e i n s t r u m e n t s . 

T h e p r o x i m i t y o f b u r i e d w a t e r 
a n d g a s m a i n s , o i l t a n k s , e t c . , 
mus t a l s o be d e t e r m i n e d b e f o r e h a n d 
l e s t an e x p l o s i v e c h a r g e be f i r e d 
t o o c l o s e t o t h e m . 

A r e a s o f i r r e g u l a r t o p o g r a p h y 
may be c o r r e c t e d a f t e r w a r d s i n t h e 
p l o t t i n g , b u t we p r e f e r t o o p e r a t e 
a p r o f i l e a l o n g a c o n t o u r l i n e i f 
p o s s i b l e t o a v o i d t h e l a t e r c o r r e c 
t i o n s . 

Amount and Kind of Explosive Used 
T h e a m o u n t o f e x p l o s i v e u s e d p e r 
s h o t i s n o t g r e a t . P r o f i l e s o f 110 
t o 220 f t . i n l e n g t h demand no more 
t h a n ) j t o a l b . c h a r g e o f 60 p e r c e n t 
n i t r o - g l y c e r i n e . I f t h e s h o t h o l e 
i s made w i t h a b a r and hammer t o a 
d e p t h o f f o u r f e e t , i t w i l l n o t 
b l o w o u t u n l e s s t h e s o i l i s u n u s u 
a l l y s o f t o r i s we t c l a y o v e r r o c k . 
F o r l o n g e r p r o f i l e s u p t o 550 f t . 
i n l e n g t h , 1 t o 2 l b s . o f Nitramon 
i s u s e d . For t h e s e l a t t e r c h a r g e s 
s h o t h o l e s a re d u g w i t h a u g e r s t o a 
d e p t h o f a b o u t s i x f e e t . I n p o p u 
l a t e d a r e a s o r w h e n n e a r p o w e r 
l i n e s , we h a v e made i t a g e n e r a l 
p r a c t i c e t o c o v e r a l l s h o t s w i t h a 
b l a s t i n g ma t . 

i 4 r ea Covered Per Diem I n s e i s m i c 
s u r v e y i n g f o r h i g h w a y d e s i g n and 
l o c a t i o n t h e amount o f w o r k accom
p l i s h e d s h o u l d be c o n s i d e r e d i n t h e 
number o f p r o f i l e s o p e r a t e d r a t h e r 
t h a n t h e a r ea c o v e r e d . I n open and 
a c c e s s i b l e c o u n t r y , t w o s e i s m o l o 
g i s t s , a g e o l o g i s t , an e n g i n e e r , 
and f o u r l a b o r e r s can e a s i l y o p e r 
a t e e i g h t 1 1 0 - 2 2 0 f t . p r o f i l e s and 
t h e i r r e v e r s a l s i n a d a y . T h i s i n 
c l u d e s d r i v i n g t h e s h o t h o l e s , 
t y i n g - i n t h e l o c a t i o n , m a p p i n g p r o -

" f i l e e l e v a t i o n s , and m a k i n g p r e l i 
m i n a r y f i e l d r e a d i n g s o f t h e r e 
c o r d s . W h e r e p a t h s m u s t b e c u t 
t h r o u g h b r u s h and u n d e r g r o w t h , and 
t h e c a b l e s " s n a k e d " t h r o u g h o b 
s t a c l e s , t h e number o f p r o f i l e s i s 
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d e c r e a s e d . T i m e c o u l d be s aved i f 
t h e c a b l e s w e r e s t a n d a r d i z e d t o a 
d e f i n i t e l e n g t h p r o f i l e , and t h e 
c a b l e s t h u s u s e d f o r m e a s u r i n g p o 
s i t i o n s as w e l l as p r o f i l e l e n g t h s , 
b u t i t h a s p r o v e n i m p o s s i b l e t o 
choose any s t a n d a r d , as c o n d i t i o n s 
may v a r y a t e a c h l o c a t i o n . When
e v e r p o s s i b l e , t h e s e i s m o l o g i s t a t 
t e m p t s t o make a c o m p l e t e p l o t o f 
h i s r e a d i n g s f o r t h e d a y ' s w o r k . 
T h i s p e r m i t s a more j u d i c i o u s p l a c 
i n g o f p r o f i l e s on t h e day f o l l o w i n g 
so t h a t o t h e r p r o f i l e s may c o v e r 
a r e a s o f d o u b t f u l s u b s u r f a c e c o n d i 
t i o n s . E v e n t h e n , we h a v e f o u n d 
t h a t , w i t h t h e s e i s m i c w o r k a p p a r 
e n t l y c o m p l e t e d f o r an a r e a , c o n 
f e r e n c e w i t h t h e g e o l o g i s t and e n 
g i n e e r has r e s u l t e d i n p l a c i n g o t h e r 
p r o f i l e s t o c l a r i f y t h e p i c t u r e . 
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D i s c u s s i o n 

P h i l i p Keene , Soils and Foundations 
Engineer, Connecticut Highway De
partment The a u t h o r i s t o be c o n 
g r a t u l a t e d on an i n t e r e s t i n g p a p e r , 
f o r m i n g p a r t o f a w e l 1 - i n t e g r a t e d 
g r o u p o f t h r e e on t h e use o f g e o l o 
g i c a l methods i n s o l v i n g some h i g h 
way p r o b l e m s . 

•The p a p e r b r i n g s t w o q u e s t i o n s 
t o m i n d r e g a r d i n g i n f o r m a t i o n f r o m 
s e i s m i c s u r v e y i n g . These a r e : 

F i r s t , i s i t n o t o f t e n d i f f i c u l t 
t o d i s t i n g u i s h be tween dense g l a c i a l 
t i l l a n d b e d r o c k ? M a n y g l a c i a l 
t i l l s i n C o n n e c t i c u t a r e composed o f 
e x c e e d i n g l y w e l l - g r a d e d s o i 1 - b o u l 
d e r s , c o b b l e s , g r a v e l , s a n d , and 
s i l t , w i t h o r w i t h o u t c l a y . T h e s e 
s i l t y and c l a y e y t i l l s have d e n s i 
t i e s o f 135 t o 145 l b . p e r c u . f t . , 
d r y w e i g h t , and s o m e t i m e s m u s t be 
b l a s t e d t o be r e a d i l y e x c a v a t e d . 
They a r e d e f i n i t e l y s o i l s , f o r t h e y 
s l o u g h and become " s o u p y " when s u b 
j e c t t o u n f a v o r a b l e g r o u n d w a t e r 
and s u r f a c e w a t e r c o n d i t i o n s . When 
washed and s i e v e d i n t h e l a b o r a t o r y 
t h e i r c o m p o n e n t p a r t s a r e i m m e d i 
a t e l y r e c o g n i z e d . T h e i r v e l o c i t y 
c o n s t a n t m i g h t be as h i g h as 1 0 , 0 0 0 
f t . p e r s e c , w h i c h i s a b o u t t h e 
same as f o r w e a t h e r e d r o c k . 

F r e q u e n t l y t h e s e t i l l s l i e d i 
r e c t l y on b e d r o c k . One o f o u r f o r e 
m o s t s e i s m o l o g i s t s , who i s a l s o a 
l e a d e r i n t h e f i e l d o f s e i s m i c s u r 
v e y i n g , r e l a t e d t o me a f e w y e a r s 
ago h i s u n f o r t u n a t e e x p e r i e n c e i n a 
n o r t h e a s t e r n s t a t e where h i s s e i s m i c 
s u r v e y d a t a l e d h i m t o l a b e l as 
s o f t b e d r o c k a t h i c k s t r a t u m o f 
c l a y e y t i l l w h i c h o v e r l a y b e d r o c k . 

The s e c o n d q u e s t i o n i s w h e t h e r 
l o c a t i o n o f r o c k s u r f a c e b y t h e 
s e i s m i c me thod i s more a c c u r a t e i n 
t h e v a l l e y s t h a n o n t h e h i l l s . I n 
C o n n e c t i c u t , r o c k s u r f a c e i n v a l l e y s 
ia f r e q u e n t l y i r r e g u l a r , b u t on t h e 
h i l l s i t i s v e r y much more s o . 
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C l o s u r e , Rev . L i n e h a n 
The e x i s t e n c e o f h i g h v e l o c i t y 

t i l l s does o f f e r d i f f i c u l t y t o t h e 
s e i s m o l o g i s t , b u t where t h e b e d r o c k 
i s m o d e r a t e l y " h a r d " i n t e r p r e t a t i o n 
i s u s u a l l y p o s s i b l e and m o r e o v e r 
a c c u r a t e . We have e n c o u n t e r e d t h e s e 
t i l l s w i t h v e l o c i t i e s v a r y i n g b e 
t w e e n 6 ,D00 and 10 ,000 f t . p e r s e c . 
i n M a s s a c h u s e t t s , C o n n e c t i c u t , and 
New Y o r k . S u b s e q u e n t b o r i n g s have 
shown t h e s e m a t e r i a l s t o be s i m i l a t 
t o t h o s e d e s c r i b e d by M r . Keene . 

R a r e l y , i f e v e r , h a v e we f o u n d 
l o c a l b e d r o c k v e l o c i t i e s as l o w as 
t h e s e t i l l v e l o c i t i e s , a l t h o u g h 
t h e r e m i g h t be a d i f f e r e n c e o f o n l y 
a f e w t h o u s a n d f e e t p e r s e c o n d . 
T h e s o l u t i o n l i e s i n t h e a r r a n g e 
men t o f t h e p r o f i l e s . I f a s y s t e m 
o f c o n t i n u o u s p r o f i l i n g i s o p e r a t e d 
t h e t i l l v e l o c i t i e s a r e r e a d i l y 
d i s t i n g u i s h e d f r o m t h o s e o f t h e 
b e d r o c k . I f , o n t h e o t h e r h a n d , 
i s o l a t e d p r o f i l e s a r e e m p l o y e d , t h e 
c o m p u t e r i s a p t t o c o n f u s e t h e l o w e r 
t i l l v e l o c i t y as an a p p a r e n t l o w 
v e l o c i t y o f t h e b e d r o c k s i g n i f y i n g 
a s l o p e - d i p o f t h e b e d r o c k s u r f a c e . 
W i t h c o n t i n u o u s p r o f i l i n g t h e com
p u t e r o b s e r v e s " t i e - i n s " o f t i l l 
v e l o c i t i e s f r o m one p r o f i l e t o a n 
o t h e r as w e l l as t h e " t i e - i n s " o f 
t h e r o c k v e l o c i t i e s . 

U s u a l l y t h e s u r f a c e o f t h e t i l l 
i s u n i f o r m whereas t h e b e d r o c k s u r 
f a c e may be i r r e g u l a r , and t h i s i r 
r e g u l a r i t y may be u s e d as an o c c a 
s i o n a l n o r m i n d i s t i n g u i s h i n g b e 
tween t h e two m a t e r i a l s . 

T h e p r o b l e m o f d i s t i n g u i s h i n g 
b e t w e e n s o f t r o c k s and h i g h v e l o 
c i t y t i l l s i s a more d i f f i c u l t one 

t o s o l v e . Some B e r k s h i r e l i m e 
s t o n e s , f o r e x a m p l e , a r e so w e a t h e r e d 
t h a t t h e y may e a s i l y be c r u m b l e d by 
h a n d , a n d may o f f e r v e l o c i t i e s i n 
t h e t i l l r a n g e . We have o p e r a t e d 
s e c t i o n s i n t h i s a r e a and a r e a w a i t 
i n g b o r i n g d a t a t o p r o v e o r d i s 
p r o v e o u r i n t e r p r e t a t i o n . We' b e 
l i e v e t h e v e l o c i t y o f 7500 f t . p e r 
s e c . e n c o u n t e r e d t h e r e t o d e m o n 
s t r a t e t i l l a n d n o t t h e w e a t h e r e d 
r o c k . A g a i n , n e a r P o r t s m o u t h , 
Rhode I s l a n d , v e l o c i t i e s i n s h a l e 
a r e s o l o w as t o h a z a r d d i f f e r e n 
t i a t i o n b e t w e e n t h e s e and t i l l s o f 
h i g h v e l o c i t y . F o r t h e g e o l o g i s t , 
t h i s w o u l d o f f e r d i f f i c u l t y i n map
p i n g , b u t i t d o e s n o t p r e s e n t as 
g r e a t a p r a c t i c a l d i f f i c u l t y t o t h e 
e n g i n e e r . These P o r t s m o u t h s h a l e s 
may be e x c a v a t e d as e a s i l y by power 
s h o v e l s , a s t h e t i l l s , w i t h l i t t l e 
o r no b l a s t i n g r e q u i r e d . I n b r i e f , 
w h i l e t h e s e i s m o l o g i s t may n o t be 
a b l e t o name t h e m a t e r i a l , t h e v e l o 
c i t i e s w i l l i n f o r m h i m w h a t s t r e n g t h , 
d e n s i t y , e l a s t i c i t y , and o t h e r s i m i 
l a r p r o p e r t i e s t h e m a t e r i a l p o s 
s e s se s . 

I n r e s p o n s e t o t h e s e c o n d q u e s 
t i o n , t h e a c c u r a c y o f r o c k l o c a t i o n 
does depend u p o n t h e r e g u l a r i t y o f 
t h e r o c k s u r f a c e . The i g n e o u s i n -
t r u s i v e s a n d m e t a m o r p h i c s o f New 
E n g l a n d d i f f e r l i t t l e on a c c o u n t o f 
t h e i r l o c a t i o n ; h o w e v e r , t h e i g 
n e o u s i n t r u s i v e s a n d s e d i m e n t a r y 
s e r i e s o f t h e C o n n e c t i c u t R i v e r 
V a l l e y may d i f f e r g r e a t l y . T h e 
s e i s m o l o g i s t can u s u a l l y t e l l f r o m 
h i s c o m p l e t e d g r a p h s w h a t a c c u r a c y 
may be e x p e c t e d . 
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COORDINATION OF METHODS IN HIGHWAY 

LOCATION AND DESIGN 
GEOKX H. DELANO 

As a modern h i g h w a y w i l l c o s t u p 
t o one h a l f m i l l i o n d o l l a r s o r more 
p e r m i l e , p a r t i c u l a r l y i n o u r u r b a n 
a r e a s , i t i s i m p o r t a n t t h a t t h e l o 
c a t i o n and d e s i g n o f t h e s e f a c i l i 
t i e s be g i v e n m o s t s e r i o u s c o n s i d 
e r a t i o n . A l t h o u g h t h e n e e d o f a 
p r o j e c t e d h i g h w a y and t h e a p p r o x i 
m a t e l o c a t i o n i t s h o u l d f o l l o w can 
be d e t e r m i n e d f r o m t r a f f i c f l o w and 
d e s i r e l i n e s , t h e e x a c t l o c a t i o n 
can g e n e r a l l y be v a r i e d w i t h i n n o r 
m a l l i m i t s t o t a k e a d v a n t a g e o f 
economic f e a t u r e s t o be e n c o u n t e r e d 
a l o n g t h e p r o p o s e d r o u t e . Many o f 
t h e f e a t u r e s t h a t show a b o v e t h e 
g r o u n d can be d e t e r m i n e d f a i r l y a c 
c u r a t e l y by t h e d e s i g n i n g e n g i n e e r , 
b u t t h e k n o w l e d g e o f t h e g e o l o g i s t 
and s e i s m o l o g i s t i s r e q u i r e d t o r e 
v e a l c o n d i t i o n s t h a t e x i s t b e l o w 
t h e g r o u n d s u r f a c e . B e c a u s e t h e 
s u b s o i l c o n d i t i o n s a r e v e r y i m p o r 
t a n t e c o n o m i c a l l y , and because t h e y 
c o n t r o l s u c h d e t a i l s as a l i g n m e n t , 
d r a i n a g e f a c i l i t i e s , and f o u n d a t i o n s 
f o r b r i d g e s , a l l p o s s i b l e i n f o r m a 
t i o n d e a l i n g w i t h s u b s o i l s a n d 
g r o u n d w a t e r s h o u l d be d e r i v e d t o 
l o c a t e i n t e l l i g e n t l y and t o d e s i g n 
o u r h i g h w a y s . 

U n d e r t h e c o o p e r a t i v e p r o g r a m 
p r e v i o u s l y r e f e r r e d t o , t h e Massa 
c h u s e t t s D e p a r t m e n t o f P u b l i c Works 
i s s e c u r i n g v a l u a b l e i n f o r m a t i o n 

r e l a t i v e t o t h e n a t u r e o f s u b s o i l 
c o n d i t i o n s f o r a l l o f i t s p r i n c i p a l 
p r o j e c t s . When t h e a p p r o x i m a t e l o 
c a t i o n o f each new f a c i l i t y i s d e 
t e r m i n e d f r o m r e c o n n a i s s a n c e s u r v e y , 
t h e p r o j e c t e n g i n e e r p r e p a r e s a r e 
c o n n a i s s a n c e p l a n s h o w i n g t h e p r o 
posed l i n e and t h i s p l a n a l o n g w i t h 
a t o p o g r a p h i c s h e e t on w h i c h t h e 
l i n e i s p l o t t e d , i s f u r n i s h e d t o 
t h e g e o l o g i s t who p r e p a r e s a g e o 

l o g i c s t r i p map a l o n g t h e l i n e 
s h o w n . T h i s g e o l o g i c map i n f o r m s 
t h e e n g i n e e r r e g a r d i n g t h e k i n d s o f 
s o i l m a t e r i a l s , t h e l o c a t i o n o f 
b e d r o c k o u t c r o p s , and t h e v a r i o u s 
l a n d f o r m s t o be t r a v e r s e d b y t h e 
h i g h w a y . I n p r e p a r i n g t h i s map , 
t h e g e o l o g i s t a l s o i n d i c a t e s l o c a 
t i o n s w h e r e s e i s m i c e x p l o r a t i o n s 
a r e n e e d e d t o a m p l i f y h i s r e p o r t 
( s ee F i g u r e 1 ) . These a r e g e n e r a l l y 
a t l o c a t i o n s o f c u t s o f t e n f e e t o r 
m o r e , s i t e s o f i m p o r t a n t s t r u c t u r e s , 
c l a y f o r m a t i o n s , o r swamps, These 
d a t a a r e o b t a i n e d , a n a l y z e d , c o o r 
d i n a t e d w i t h g e o l o g i c d a t a , a n d 
t h e n f u r n i s h e d i n r e p o r t f o r m t o 
p r o j e c t e n g i n e e r f o r u se by h i m as 
a g u i d e i n d e t e r m i n i n g t h e f i n a l 
l o c a t i o n l i n e and i n p r e p a r i n g t h e 
d e s i g n f o r a l l f e a t u r e s o f t h e p r o 
j e c t . A spec imen r e p o r t i s appended 
t o t h i s p a p e r . I f s e i s m i c r e a d i n g s 
i n d i c a t e h e a v y l e d g e c u t s , t h e l o 
c a t i o n o f t h e h i g h w a y can g e n e r a l l y 

be c h a n g e d t o a v o i d t h i s e x p e n s i v e 
t y p e o f e x c a v a t i o n . I f o t h e r c o n 
t r o l l i n g f e a t u r e s p r e c l u d e c h a n g i n g 
t h e l i n e , an a c c u r a t e e s t i m a t e o f 
t h e q u a l i t y o f l e d g e t o be e x c a v a t e d 
can be made a v a i l a b l e f r o m t h e g e o 
l o g i c s e c t i o n s based on t h e s e i s m i c 
d a t a , s u p p l e m e n t e d as may be n e c e s 
s a r y by b o r i n g s i t h u s e l i m i n a t i n g 
t h e p o s s i b i l i t y o f s e r i o u s l y u n d e r ' 
e s t i m a t i n g t h e q u a n t i t y o f l e d g e t o 
b e r e m o v e d . On a p r o j e c t w i t h 
h e a v y c u t s , s u c h an e r r o r when a c 
c o m p a n i e d b y a h i g h u n i t o f b i d 
p r i c e f o r l e d g e c o u l d be more e x 
p e n s i v e t h a n t h e c o s t o f t h e p r e s e n t 
c o o p e r a t i v e p r o j e c t f o r an e n t i r e 
y e a r . 

I n f o r m a t i o n on g r o u n d w a t e r c o n 
d i t i o n s i n c u t s a n d f i l l s i s o b 
t a i n e d whenever n e c e s s a r y t o i n s u r e 
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a p r o p e r d e s i g n o f s u b g r a d e a n d 
s u b d r a i n a g e . One o f t h e i n t e r e s t 
i n g p r o b l e m s w i t h g r o u n d w a t e r c h a r 
a c t e r i s t i c s r e c e n t l y s t u d i e d by t h e 
W a t e r R e s o u r c e s B r a n c h o f t h e U . S . 
G e o l o g i c a l S u r v e y d e a l t w i t h p o s 
s i b l e i n t e r f e r e n c e w i t h a t o w n 
w a t e r s u p p l y . A p r o p o s e d r e l o c a 
t i o n o f one o f o u r p r i n c i p a l m a i n 
r o u t e s p a s s e s b e t w e e n t h e d r i l l e d 
w e l l s f r o m w h i c h t h e t o w n g e t s i t s 
w a t e r s u p p l y , and a pond f r o m w h i c h 
t h e t o w n a u t h o r i t i e s b e l i e v e t h e 
w e l l s a r e s u p p l i e d by u n d e r g r o u n d 
s o u r c e s . The town a u t h o r i t i e s know 
t h a t when we c r o s s t h e v a l l e y b e 
t w e e n t h e p o n d and t h e w e l l s w i t h 
o u r new r o a d we w i l l e x c a v a t e e x 
i s t i n g p e a t and o t h e r s o f t m a t e r i a l s 
a n d w i l l b a c k f i l l w i t h s t a b l e ma
t e r i a l . E v e n t h o u g h o u r back f i l l 
w i l l be o f g r a n u l a r m a t e r i a l , t h e 
t o w n o f f i c i a l s b e l i e v e t h a t t h e r e 
i s a g r a v e p o s s i b i l i t y t h a t t h e new 
f i l l w i l l a c t as an u n d e r g r o u n d dam 
and s h u t o f f t h e i r s o u r c e o f w a t e r 
b e t w e e n t h e p o n d a n d t h e w e l l s . 
T h e g e o l o g i c s t u d y r e c e n t l y c o m 
p l e t e d t h r o u g h o u r c o o p e r a t i v e p r o 
j e c t i n d i c a t e s t h a t t h e p r o p o s e d 
h i g h w a y a t t h e p l a n n e d l o c a t i o n 
w i l l n o t a f f e c t t h e t o w n ' s w a t e r 
s u p p l y . 

As s t a t e d , one o f t h e p r i m a r y 
p u r p o s e s o f t h e g e o l o g i c s u r v e y i s 
t o make a c o m p l e t e d e t a i l e d g e o l o g i c 
map o f t h e s t a t e , a f e a t u r e o f w h i c h 
w i l l be t o i n d i c a t e a l l a v a i l a b l e 
s o u r c e s o f h i g h w a y c o n s t r u c t i o n ma
t e r i a l s : t r a p r o c k g r a v e l , s a n d , e t c . 
T h i s i n f o r m a t i o n , a n d e s p e c i a l l y 
t h a t r e f e r r i n g t o g r a n u l a r m a t e r i 
a l s , may soon be o f g r e a t e r i n t e r e s t 
t o us t h a n i n t h e p a s t , because o f 
t h e d e p l e t i o n o f e x i s t i n g d e p o s i t s 
a n d t h e c o n t i n u e d i n c r e a s e i n d e 
mand f o r t h e s e m a t e r i a l s . 

Some o f t h e s p e c i f i c a p p l i c a t i o n s 
o f g e o l o g i c a l i n t e r p r e t a t i o n s and 
s e i s m i c e x p l o r a t i o n s t o t h e l o c a 
t i o n a n d d e s i g n o f h i g h w a y s i n 
M a s s a c h u s e t t s a r e l i s t e d b e l o w . 

I n T e m p l e t o n , a p o r t i o n o f R o u t e 
202 was r e l o c a t e d so as t o b r i n g i t 
above t h e f l o o d l e v e l o f t h e B i r c h 
H i l l Dam. As c o n s t r u c t i o n o f t h e 
h i g h w a y r e q u i r e d a l a r g e amount o f 
f i l l , and as t h e r e was a p r o p o s e d 
c u t o n t h e p r o j e c t f r o m w h i c h a 
c o n s i d e r a b l e p o r t i o n o f t h e f i l l 
c o u l d be o b t a i n e d , i t was d e s i r a b l e 
t o e s t a b l i s h t h e l o w e s t p r a c t i c a l 
g r a d e t h r o u g h t h e c u t , u n l e s s an 
e x t e n s i v e amount o f l e d g e s h o u l d be 
e n c o u n t e r e d . S e i s m i c s t u d i e s showed 
t h a t no l e d g e w o u l d be met i n t h i s 
c u t t o t h e d e s i r e d d e p t h . T h i s 
p r o v e d t o be t h e ca se when t h e c u t 
was made. 

A s i m i l a r p r o b l e m was p r e s e n t e d 
i n t h e p r e l i m i n a r y s t u d i e s f o r t h e 
r e c o n s t r u c t i o n o f t h e N e w b u r y p o r t 
T u r n p i k e i n T o p s f i e l d . H e r e , t h e 
p r e s e n t a l i g n m e n t p a s s e s o v e r t h e 
c r e s t s o f s e v e r a l h i g h a n d s t e e p 
h i l l s . I f t h e p r e s e n t a l i g n m e n t 
w e r e t o be f o l l o w e d , i t w o u l d be 
n e c e s s a r y t o c u t t h e c r e s t s o f t h e 
h i l l s as much as SO f t . i n o r d e r t o 
a c h i e v e t h e h i g h s t a n d a r d s f o r 
s i g h t d i s t a n c e r e q u i r e d on s u c h a 
h i g h w a y . As l a r g e q u a n t i t i e s o f 
f i l l w o u l d be r e q u i r e d , t h e h e a v y 
c u t s w o u l d n o t be o b j e c t i o n a b l e u n 
l e s s t h e y i n v o l v e d a l a r g e amount 
o f l e d g e . Four days were s u f f i c i e n t 
t o r u n s e i s m i c p r o f i l e s a l o n g 5700 
f t . o f h i g h w a y t o show t h a t l e d g e 
i s w e l l b e l o w t h e b o t t o m o f t h e 
p r o p o s e d c u t . 

I n C h i c o p e e , t h e D e p a r t m e n t i s 
s t u d y i n g a p r o p o s e d r e l o c a t i o n o f 
R o u t e 2 0 , t h e p r i n c i p a l e a s t - w e s t 
r o u t e o f t h e S t a t e , t o b y p a s s 
S p r i n g f i e l d , c r o s s i n g t h e C o n n e c t i 
c u t R i v e r n o r t h o f C h i c o p e e . A 
l a r g e p r e h i s t o r i c g l a c i a l l a k e o c 
c u p i e d t h e a r e a a t o n e t i m e , i n 
w h i c h a c o n s i d e r a b l e t h i c k n e s s o f 
l a k e c l a y s and s i l t s were d e p o s i t e d . 
The e a s t e r n end o f t h e s t r i p i n v e s 
t i g a t e d i s on a h i g h t e r r a c e a b o u t 
140 f t . above t h e g e n e r a l l e v e l o f 
t h e p l a i n t o t h e w e s t ( s e e F i g u r e 
7 ) . The s u r f a c e o f t h e t e r r a c e i s 
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Figure 7 

o f f i n e sand over a l a m i n a t e d de
p o s i t o f c l a y and s i l t , known as 
varved c l a y . Proceeding w e s t e r l y , 
t he l i n e drops t o the l e v e l o f the 
p l a i n , t h e n w e s t e r l y a c r o s s t h e 
p l a i n and the C o n n e c t i c u t R i v e r . 
As the proposed l i n e comes o f f the 
t e r r a c e , a c u t about 25 f t . deep 
w i l l be r e q u i r e d i n the varved c l a y . 
Then as t he proposed l i n e c rosses 
the low p l a i n o f the v a l l e y , severa l 
s t r u c t u r e s w i l l be r e q u i r e d where 
i t c rosses the r a i l r o a d , t he Con
n e c t i c u t R i v e r , and e x i s t i n g h i g h 
w a y s . T h r o u g h s u r f a c e g e o l o g i c 
s t u d i e s , and g e o l o g i c i n t e r p r e t a 
t i o n o f seismic surveys, the Depar t 
ment knows what s o i l and s u b s o i l 
c o n d i t i o n s w i l l be f o u n d i n t h e 
c l a y c u t , a t s t r u c t u r e l o c a t i o n s , 
and f o r the heavy f i l l r e q u i r e d i n 
t h e low area t o keep the new road 
w e l l above the f l o o d l e v e l o f the 
r i v e r . 

On the Mohawk T r a i l , Route 2 , 
the Department has made s tud ie s f o r 
a highway p r o j e c t i n the towns o f 
She lburne and B u c k l a n d . The p r o 
posed p r o j e c t i s t o bypass S h e l 
burne F a l l s by s k i r t i n g the e a s t e r l y 
s i d e o f t h e v i l l a g e and c r o s s i n g 
the D e e r f i e l d R i v e r abou t t h r e e -
q u a r t e r s o f a m i l e n o r t h o f t h e 
p r e s e n t c r o s s i n g , wh ich i s i n the 
c e n t e r o f the town. A t t he p o i n t 
where the new l i n e i s t o cross the 
r i v e r , t h e s i t e o f t h e p r o p o s e d 
b r i d g e abutments was i n v e s t i g a t e d 
both by bor ings and by t a k i n g s e i s 
mic p r o f i l e s . A l l bu t one o f the 
bor ings were d r i v e n t o r e f u s a l , but 
se i smic p r o f i l e s l a t e r showed t h a t 
r e f u s a l occurred p r a c t i c a l l y a t the 
s u r f a c e o f the t i l l , which i n t h i s 
a r e a c o n t a i n s a l a r g e number o f 
bou lde r s . Seismic data showed bed
rock t o be many f e e t below the r e 
f u s a l s o b t a i n e d t h r o u g h t h e b o r 
ings (see Figure 2 ) . 

Al though the depth t o bedrock a t 
the Shelburne F a l l s bypass l o c a t i o n 
w i l l no t a f f e c t the b r i d g e founds-
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t i o n s , the r e s u l t s o f the two meth* 
ods i n d i c a t e a p o i n t wh ich s h o u l d 
be m e n t i o n e d . I t i s n o t now the 
o p i n i o n o f t h i s D e p a r t m e n t t h a t 
s e i smic data w i l l o b v i a t e the need 
o f b o r i n g s o r f i e l d o b s e r v a t i o n s , 
n o r i s i t e x p e c t e d t h a t f u r t h e r 
check da ta t o be secured w i l l r e 
s u l t i n any change. I t i s expected, 
however, t h a t seismic data w i l l en
a b l e the eng inee r t o spo t and i n 
t e r p r e t the bor ings more a c c u r a t e l y 
and i n t e l l i g e n t l y and thus t o r e 
duce the number o f bor ings r e q u i r e d . 

Whi le i t should again be empha
s i s e d t h a t the work b e i n g done i s 
expe r imen ta l , and t h a t much f u r t h e r 
s t u d y i s needed t o d e v e l o p t h e 

t echn ique o f se i smic s tudy and the 
c o r r e l a t i o n o f geologic i n t e r p r e t a 
t i o n w i t h our highway problems, the 
r e s u l t s a l r e a d y ach ieved are v e r y 
e n c o u r a g i n g . We are l e a r n i n g t o 
app ly i n t e l l i g e n t l y the data be ing 
f u r n i s h e d t h r o u g h the c o o p e r a t i v e 
p r o j e c t s . 

As the highway c o n s t r u c t i o n p ro 
gram o f the Massachuset ts D e p a r t 
ment o f P u b l i c Works c o n t i n u e s t o 
expand under the impetus o f postwar 
needs , t h e g e o l o g i c and s e i s m i c 
s tud i e s w i l l cont inue to p l ay t h e i r 
v e r y h e l p f u l p a r t i n p r o v i d i n g 
Massachusetts w i t h highway f a c i l i 
t i e s designed t o meet e x i s t i n g sub
s o i l c o n d i t i o n s . 
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This r e p o r t i s based upon f i e l d 
work pe r fo rmed under a c o o p e r a t i v e 
g e o l o g i c program o f the Massachu
s e t t s Depar tmen t o f P u b l i c Works 
and the U.S . Department o f the I n 
t e r i o r , Geolog ica l Survey. 

A p r o p o s e d r e l o c a t i o n o f t h e 
Mohawk T r a i l crosses D e e r f i e l d R ive r 
about 0 .55 m i . n o r t h o f She lbu rne 
F a l l s , near s t a t i o n 671 (Buckland) 
and s t a t i o n 417 + 57 ( S h e l b u r n e ) . 
The s i t e o f the proposed c r o s s i n g 
was i n v e s t i g a t e d g e o l o g i c a l l y and 
s e i s m i c a l l y . A s e r i e s o f s e i s m i c 
t r a v e r s e s was r u n on each s i d e o f 
D e e r f i e l d R i v e r , p a r a l l e l w i t h and 
nea r the banks , and one t r a v e r s e 
was run a long the c e n t e r l i n e o f the 
proposed highway on the west s i d e 
o f the r i v e r , between s t a t i o n 668 + 
40 and s t a t i o n 670 +90 ( p r o f i l e A-B 
250 f t . l o n g ) . P r o f i l e C-F, 400 f t . 
l o n g , was r u n as two o v e r l a p p i n g 
segments, each 250 f t . l o n g , making 
the o v e r l a p 100 f t . , the cen t e r o f 
t h e o v e r l a p b e i n g a t p o i n t A, on 
the c e n t e r l i n e o f the proposed h i g h 
way. P r o f i l e G-H i s n e a r l y p a r a l l e l 
w i t h p r o f i l e C-F, and c rosses the 
c e n t e r l i n e a t s t a t i o n 670 + 35, or 
60 f t . west o f C-F. P r o f i l e s A - B , 
C-F, and G-H a re on t h e west s i d e 
o f the r i v e r . 

P r o f i l e s I - L and M-P were run on 
the eas t s ide o f the r i v e r , p a r a l 
l e l w i t h i t , and 66 f t . a p a r t , T -L 
b e i n g a l o n g the r i v e r bank. Each 
was run as two ove r l app ing segments, 
e ach segment 250 f t . l o n g , t h e 
o v e r l a p b e i n g 100 f t . The c e n t e r 
o f I - L c ros se s the c e n t e r l i n e a t 
s t a t i o n 417 + 66, and the center o f 
M-P crosses the c e n t e r l i n e a t s t a 

t i o n 417. 
West Side of Deerfield River, Near 
Station 671 The se i smic p r o f i l e s 
i n d i c a t e t h a t the bedrock sur face i s 
35 t o 40 f t . below the s u r f a c e o f 
t h e g r o u n d , o r nea r a l t i t u d e 365 
f t . , a l o n g the west bank o f Deer-
f i e l d R i v e r . To the west , bedrock 
s u r f a c e r i s e s under the t e r r a c e so 
t h a t a t a p o i n t 250 f t . f r o m the 
r i v e r i t i s a t a d e p t h o f 46 f t . 
( a l t i t u d e 381 f t . above sea l e v e l ) . 

G l a c i a l t i l l ex tends f r o m bed
r o c k up t o r i v e r l e v e l , a p p r o x i 
m a t e l y , a l t i t u d e a b o u t 405 f t . ; 
sand o v e r l i e s the t i l l and forms a 
t e r r ace 20 f t . h i g h . 
£ a s t Side of Deerfield River. Near 
S t a t i o n 417 + 57 The two se i smic 
p r o f i l e s p a r a l l e l w i t h the bank o f 
the r i v e r and on the east s ide show 

bedrock t o be more than 75 f t . be
low the su r f ace , but the f u l l depth 
t o b e d r o c k was n o t d e t e r m i n a b l e 
f rom these l i n e s . 

Most o f t he u n c o n s o l i d a t e d ma
t e r i a l under t h i s s i t e i s compact 
and f i r m , and i s p r o b a b l y g l a c i a l 
t i l l ; however , t h i s t i l l i s chan
n e l l e d t o a dep th o f 15 t o 20 f t . 
and f o r a w i d t h o f about 100 f t . , 
the channel being f i l l e d w i t h sand. 
Appa ren t ly t h i s s a n d - f i l l e d channel 
c rosses the b a s e - l i n e a t a r a t h e r 
sharp a n g l e , b e i n g e n t i r e l y sou th 
o f the b a s e - l i n e a long the p r o f i l e 
nea res t the r i v e r ( I - L ) , and under 
t h e b a s e - l i n e a l o n g p r o f i l e M-P, 
60 f t . t o t h e e a s t . Some g r a v e l 
may be expected i n t h i s sand. The 
ex i s t ence o f t h i s s a n d - f i l l e d chan
n e l was i n t e r p r e t e d f rom lower ve
l o c i t i e s a l o n g the p r o f i l e s ; t he 
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d e l i n e a t i o n o f t h e i n t e r p r e t e d t e r m i n e i f f o o t i n g s shou ld be ex-
channel i s no t c l e a r , bu t i t would tended t o the deeper and more f i r m 
seem wise t o t e s t the area t o de- u n d e r l y i n g m a t e r i a l . 
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