
48 

PREPARATION OF AN ENGINEERING GEOLOGIC MAP 
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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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F i g u r e 1. E n g i n e e r i n g Geologic Map of the Homestead Quadrangle 
showing the Map Legend and P a r t of the Map-USGS 
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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 -
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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 
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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 . 




