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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 
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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-
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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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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 . 




