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Airphoto Interpretation of Coastal Plain Areas 

W I L L I A M W. H O L M A N , Research Assoc ia te i n C i v i l Eng inee r ing , 
and H . C N I K O L A , Research Ass i s t an t i n Soi l s ; 
Rutgers U n i v e r s i t y 

T H E engineer ing s o i l survey of New Jersey by the Joint Highway Research 
P r o j e c t at Ru tge r s U n i v e r s i t y concent ra ted i t s e a r l y e f f o r t s i n areas where the 
parent m a t e r i a l of the s o i l i s e i t he r r e s i d u a l o r g l a c i a l . Recent ly , a t ten t ion has 
been d i r e c t e d to the A t l a n t i c Coas ta l P l a i n P r o v i n c e . The techniques of a i r 
photo i n t e r p r e t a t i o n and t h e i r app l i ca t ion i n t h i s a rea a re h e r e i n descr ibed . 
Emphas is i s p laced on the d i f f e r e n c e s i n impor t ance of the v a r i o u s basic p r i n 
c ip les of a i rpho to i n t e r p r e t a t i o n i n the coas ta l p l a i n as con t ras t ed w i t h those of 
r e s i d u a l o r g lac ia ted areas . Severa l map uni t s a re desc r ibed and s o i l t es t data 
f o r each inc luded. 

• I N June of 1947, th rough a coopera t ive 
e f f o r t by the New Jersey State Highway D e 
p a r t m e n t , the Bureau of Pub l i c Roads, and 
Rutgers U n i v e r s i t y , the Jo in t Highway Re 
search P r o j e c t was es tab l i shed to conduct 
r e s e a r c h m v a r i o u s engineer ing p r o b l e m s 
associa ted w i t h highways (1). A m a j o r 
phase of t h i s r e s e a r c h p r o g r a m i s the 
p r e p a r a t i o n of engineer ing s o i l maps i n 
w h i c h the i n t e r p r e t a t i o n of a e r i a l photo
graphs I S ex tens ive ly employed (2 , 3). 
The mapping p rocedure consis ts of sup
p lemen t ing the wea l th of i n f o r m a t i o n 
gained f r o m a i rpho to i n t e r p r e t a t i o n w i t h 
numerous f i e l d observa t ions , the p r o c u r 
i n g of s o i l samples , and the t e s t ing of 
these samples i n the l a b o r a t o r y f o r c l a s 
s i f i c a t i o n purposes . P r o g r e s s has been 
sa t i s f ac to ry and at p re sen t accurate e n g i 
nee r ing s o i l maps a re ava i lab le f o r 8 
of New Je r sey ' s 21 count ies , the re be ing 
maps of f i v e add i t iona l counties i n v a r i o u s 
stages of comple t ion . 

Es sen t i a l l y , the pa ren t m a t e r i a l of the 
s o i l i n seven of the comple ted counties i s 
e i the r r e s i d u a l o r g l a c i a l . T h i s p o r t i o n of 
the Appalachian P r o v i n c e has conspicuous 
land f o r m s (4) and drainage pa t t e rns ; w i t h 
numerous s o i l p r o f i l e developments of 
engineer ing s ign i f i cance . The a rea i s 
r a t h e r t y p i c a l of o ther r e s i d u a l and g l a 
c ia ted areas i n the Un i t ed States: h igh ly 
developed a g r i c u l t u r a l l y w i t h a good net 
w o r k of highways and roads and w i t h ample 
r e fe rence m a t e r i a l conce rn ing i t s geology 
and s o i l s . Numerous papers have been 
presen ted d e s c r i b i n g the techniques of a i r 

photo i n t e r p r e t a t i o n (5) employed i n such 
areas and these techniques w e r e found 
r e a d i l y appl icable i n the Appalachian 
P r o v i n c e of New Jersey . A f t e r comple t i on 
of the engineer ing s o i l mapping i n t h i s 
p o r t i o n of the s tate , a t tent ion was d i r e c t e d 
t o w a r d Ocean County ( F i g . 1), w h i c h i s 
loca ted i n the A t l a n t i c Coasta l P l a i n 
P r o v i n c e . 

A gene ra l i zed approach to the p r e p a r a 
t i o n of an engineer ing s o i l map i n coas ta l 
r eg ions has been employed i n the past . 
Rap id p r e l i m i n a r y inves t iga t ion of f i e l d 
condi t ions and study of associa ted a e r i a l 
photographs cou ld give the i m p r e s s i o n 
that a r egorous study of the a rea i s u n 
necessary. Upon c l o s e r examina t ion , 
s i g n i f i c a n t d i f f e r e n c e s m the engineer ing 
c h a r a c t e r i s t i c s of the s o i l become evident . 
A n engineer w o u l d w e l c ome a guide en 
ab l ing h i m to locate expected t roub lesome 
s o i l a reas ; thus an engineer ing s o i l map 
w o u l d be of p r a c t i c a l va lue . T h i s paper 
was p r e p a r e d to indica te the d i f f i c u l t i e s 
inheren t i n the app l i ca t ion of the t e c h 
niques of a i rpho to i n t e r p r e t a t i o n , o r s o i l 
mapping , to the Coas ta l P l a i n P r o v i n c e . 

D E S C R I P T I O N O F T H E A R E A 

The w o r k used as a bas i s f o r t h i s 
paper was p e r f o r m e d i n an a rea midway 
along the eas te rn coas t l ine of New Jersey 
and ex t end ingwes tward f o r some dis tance. 
Ocean County (6) , w h i c h c o m p r i s e s the 
m a j o r p o r t i o n of t h i s a rea , i s loca ted i n 
the nor theas t c o r n e r of the ou te r p o r t i o n 
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of the A t l a n t i c Coas ta l P l a i n P r o v i n c e . 
T h i s a rea , app rox ima te ly 630 sq. m i . , 
may app rop r i a t e ly be t e r m e d a b road , c o m 
p a r a t i v e l y l e v e l to gent ly undula t ing p l a i n , 
r i s i n g g radua l ly f r o m sea leve l at the east 
coast to e levat ions averag ing between 100 
and 150 f t . f u r t h e r in land . 

Geologic r e f e rences of New Jersey (7, 
8, 9) def ine two m a j o r unconsol idated f o r 
ma t ions of m a r i n e o r i g i n w i t h p r a c t i c a l l y 
h o r i z o n t a l bedding (Table 1). 

Figure 1. Map of New Jersey. 
I S Ocean County. 

Shaded area 

O v e r l y i n g both m a r i n e f o r m a t i o n s 
( F i g . 2) a r e f o u r add i t iona l f o r m a t i o n s 
of l e s se r extent , cons idered to be e i the r 
f l u v i a l o r f l u v i o m a r i n e i n o r i g i n . 

These l a t t e r deposi ts a re usua l ly m o r e 
g r a n u l a r i n t ex tu re and occupy the h igher 
pos i t ions i n the area . The A g r i c u l t u r a l 
Soils Survey of the Cha t swor th A r e a (10) 
l i s t s two m a j o r s o i l s e r i e s that a r e stiB"-
d iv ided in to many phases, w i t h apparent ly 
no d i r e c t c o r r e l a t i o n w i t h any geologic 
f o r m a t i o n (Table 2) . 

The dra inage sys t em s e r v i n g the a rea 
has an i n t e r e s t i n g na ture . Recent e a r t h 

TABLE 1 
Major Geologic Formations 

(Descriptions taken from the Geologic Map of New Jersey) 
Kirkwood Sand 

Cohansey Sand 

Beacon Hill Gravel 

Bridgeton Formation 

Pensauken Formation 
Cape May Formation • 

Fine micaceous sands with local beds 
of dark clay 
Chiefly quartz sand with local beds of 
clay and gravel 
Quartz gravel, with some chert and 
sandstone pebbles. 
Gravel and sand, in part solidified by 
iron oxide. 
Gravel and sand. 
Gravel and sand with some clay. 

movements have caused a gene ra l " d r o w n 
i n g " of the m a j o r s t r e a m s and consequently 
the w a t e r l e v e l of the m i n o r es tuar ies has 
been r a i s e d . Due to the development of 
t h i s drainage sys t em ( F i g . 3) , b r o a d t i d a l 
m a r s h areas o r swampy condi t ions can be 
f o u n d adjacent to mos t of the s t r e a m 
courses . 

The nat ive f o r e s t , w h i c h cove r s approx
i m a t e l y 85 pe rcen t of the county, cons is t s 
p r i m a r i l y of sc rubby o r s tunted oaks and 
p ines . I n mos t p o o r l y d r a i n e d areas , 
wh i t e cedar p redomina tes . Re l a t i ve ly 
l i t t l e a g r i c u l t u r e i s p r a c t i c e d due to the i n 
herent low f e r t i l i t y of the s o i l s . 

I f one gains a 2 0 - f t . advantage i n e l eva 
t i o n above the e x i s t i n g g round su r f ace , a 
f e e l i n g of lone l iness and u n i f o r m i t y p r e 
v a i l s , f o r as f a r as the eye can see the re 
i s nothing but a spa r se ly popula ted , gent ly 

TABLE 2 
Agronomic Soil Series 

(Descriptions taken from the Soil Survey of the Chatsworth 
Area, New Jersey) 

Sassafras Brown or light-brown sandy surface soils, under
lain by a reddish-yellow or orange-colored to 
dull-red, friable loamy sand subsoil. Generally 
the lower subsoil is coarser-textured than the 
soil or upper subsoil Usually well drained and 
easily worked. 

Norfolk Closely associated with the Sassafras Series. 
Distinguished by their grayish to light-brown 
sandy loam surface soil and pale-yellow to yel
low, friable fine-sand to clayey sand subsoils. 
Usually good to imperfectly drained. 

Scranton Black sandy loam surface soils, underlain by a 
pale-yellow sandy clay subsoil, mottled in places 
with gray. The drainage is imperfect to poor. 

Portsmouth Dark-gray or black loamy surface soils over
lying white, gray, or pale-yellow sandy loam to 
sandy clay subsoils Located mDepressions with 
the subsoil saturated. Poor to very poor dramage. 

Lakewood White sands overlying orange or orange-yellow 
sandy subsoils Mostly quartz sand with a low 
organic matter content Usually excellent to ex
cessively dramed. 

Leon White or light-gray sandy surface soils overlying 
a white fine sancty subsoil The presence of a 
har4>an-layer in the subsoil is common, with the 
soil below becoming looser. This series is gen
erally imperfectly drained. 

St. Johns Dark-gray or black sandy surface soils overlying 
a hardpan-layer which m turn overlies white, 
gray, or brown sands. Usually occurs m de
pressed areas with poor drainage. 
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undula t ing l and s u r f a c e , cove red w i t h 
f o r e s t s and p r a c t i c a l l y inaccess ib le by 
automobi le ( F i g . 4) . 

A I R P H O T O I N T E R P R E T A T I O N 

Successful a i rpho to i n t e r p r e t a t i o n , p r o 
v i d i n g an eva lua t ion of the engineer ing 
c h a r a c t e r i s t i c s of s o i l , can be a c c o m 
p l i s h e d when c e r t a i n bas ic p r i n c i p l e s o r 
guides a re s tudied on each set of contact 
p r i n t s . The f o l l o w i n g a re those p r i n c i p l e s 

t i o n of coas ta l p l a i n so i l s can be obtained. 

DISCUSSION OF E A C H I T E M 

Reference M a t e r i a l 

Inc luded a re the ava i lab le geologic map, 
agronomic s o i l maps , w i t h bu l l e t i n s ac
companying both maps , and s e v e r a l papers 
and a r t i c l e s dea l ing w i t h the genera l 
na ture of the ex i s t i ng n a t u r a l deposi ts . 
The geologic map presents an o v e r a l l 

Figure 2. Granular capping overlying Cohansey sand. Note l ine of 
demarkation. Quartz pebbles are evident in the upper layer . 

the authors have employed d u r i n g t h e i r 
exper ience i n the a i rpho to i n t e r p r e t a t i o n 
of Ocean County, New Je rsey , and of o ther 
areas i n the Uni ted States: (1) r e f e r e n c e 
m a t e r i a l , (2) l and f o r m and spec i f i c topo
graphic r e l a t i onsh ips , (3) drainage pa t 
t e r n s , (4) e ros iona l f e a t u r e s and gu l l y 
c h a r a c t e r i s t i c s , (5) c o l o r tone, (6) vege
t a t i o n , (7) l and use, (8) spec ia l f e a t u r e s , 
and (9) f i e l d and l a b o r a t o r y exper ience. 

Each of the above f a c t o r s i s i m p o r t a n t , 
but the f a c t o r s w i l l v a r y i n r e l a t i v e va lue 
f r o m one gene ra l phys iographic d i v i s i o n 
to another. Due to t h i s v a r i a b i l i t y i n i m 
por tance , each f a c t o r w i l l be i n d i v i d u a l l y 
d iscussed as i t appl ies to Ocean County. 
B y t h i s p r o c e d u r e , i t i s be l i eved a c l e a r 
e r unders tanding of a i rpho to i n t e r p r e t a -

p i c t u r e o f the type of s o i l m a t e r i a l s p resen t 
but i s much too b r o a d i n scope f o r our 
use. I t ove r looks numerous a reas , s m a l l 
i n extent , tha t a r e of cons iderab le i m 
por tance to a s o i l s engineer . F u r t h e r , the 
m a j o r geologic f o r m a t i o n s , as mapped, 
a re t e x t u r a l l y v a r i a b l e i n both p l an and 
p r o f i l e , much m o r e so than i n g l a c i a l o r 
r e s i d u a l areas . The agronomic s o i l maps 
a re m o r e h e l p f u l but l ack s u f f i c i e n t de
t a i l e d accuracy f o r our p a r t i c u l a r purpose . 
The r e l a t i onsh ip between geologic f o r m a 
t ions and a g r i c u l t u r a l s o i l s e r i e s i s not 
c l e a r l y de f ined as con t ras t ed to ex i s t i ng 
r e l a t ionsh ips i n o ther phys iographic p r o b -
v inces ( F i g . 5). 

T e x t u r a l l y , the so i l s tend to b lend f r o m 
one c l a s s i f i c a t i o n to another r a t h e r than 
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having a sharp delineation. The resultant 
broad transition zones make the placing of 
finite soil boundaries rather difficult, but 
this problem has been partially overcome 
by adhering to a broader textural grouping 
in such cases. 

of gravel, and the "outliers" (Fig. 7), 
which are odd occurrences resulting from 
a resistant covering of iron-oxide-cemented 
sand and gravel (Fig. 8), are prominent 
geomorphic features and thus readily de
tectable. Broad low-lying silty flats ad-

Figure 3. Typical drainage pat tern i n Ocean County. Wide a l l u v i a l 
channels, numerous t r i b u t a r i e s , and poor ly-dra ined areas adjacent 

to the channels are c l e a r l y v i s i b l e . 

Land Form and Specific Topographic Re
lationships 

The major portion of the area is either 
level or gently undulating with all of the 
various soil textures partaking of this 
uniform ground expression. It can safely 
be stated that definite topographic relation
ships are absent and land form is of minor 
value as an aid in interpretation (Fig. 6). 

In some areas of limited extent, land 
form is a determining factor in the map
ping. A hummocky or miniature badland 
effect is prevalent in those soil materials 
where sand particles are coated with clay 
(H.R.B. A-2-6 to A-2-7). The "capped" 
positions, containing appreciable amounts 

jacent to the coastal tidal marshes, result
ing from fluviomarine activity, are en
countered all along the eastern portion of 
the county and are recognized quite readily 
on the airphotos. 

Land form and specific topographic re
lationship have proven themselves to be of 
major importance in the majority of areas 
where airphoto interpretation has been 
undertaken. In the coastal plain, they are 
of minor value. 

Drainage Patterns 

This is a useful tool but fu l l use could 
not be enjoyedfor several reasons. First, 
the geologic deposits are relatively young 
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and much of the drainage has not developed 
sufficiently for detailed study. In addition, 
a low stream gradient coupled with the 
proximity of the ocean results in the back
ing up of runoff and the development of 
an unnatural pattern of drainage. Much 
of the internal drainage system is masked 
or obliterated by a high ground-water 
table, with resultant large swampy areas. 
The differential permeability of the various 
soil materials has no opportunity to be of 
significance. Both width and depth of the 
major streams are rather uniform, due to 
the overall level topography and low ele
vation of the area. Surface runoff tends 
to enlarge stream width (Fig. 9), re-

shows a type of amputated drainage pat
tern (Fig. 10), with short stems of rather 
uniform direction and length. 

This item of consideration, drainage 
patterns, is especially important when 
noting the direction of surface flow and 
the changes in this direction, together 
with the number of smaller tributaries to 
any one main artery. 

Erosional Features and Gully Character
istics 

Due to the overall lack of gradient, 
the development of these features is neg
ligible and is of minor importance as an 

Figure 4. Level land form. View from a f i r e tower showing pine 
barrens and lack of ground expression. 

gardless of soil texture, rather than to 
cut deep channels. 

In those areas with fair to good drain
age potential, the drainage patterns are 
found to follow the usual occurrence in 
major soil textures. In the gravel (AASHO 
Designation: M 145-49of A-l-aandA-l-b), 
there is a noticeable lack of surface runoff 
in definite channels or there are short and 
stubby tributaries pointing towards the 
general area of granular materials. In 
the sand and silty sand, (A-3 and A-2-4), 
the tributaries are extensive, winding, and 
smoothly curved with no particular direc
tion in mind. In the siltier soil (A-2-4 to 
A-4), the dendritic pattern is present. 
The sand-clay series (A-2-6 to A-2-7), 

aid in interpretation. Certain minor areas 
do show sufficient development. On 
granular sandy materials, of raised land 
form, the V-shaped, short, stubby gullies 
are quite pronounced (Fig. 11). Along the 
narrow strip adjacent to the Atlantic Ocean, 
sand dune development has progressed 
concurrently with wave and wind action. 
Unique erosional features, present along 
forested roads, are wind blowouts. These 
unforested oval-shaped areas usually occur 
in sandy (A-3) material. 

Color Tone 

The pine growth prevalent in the area 
tends to produce uniform color tones. 



Further complications result from the minute tone differences and alterations 
past occurrence of numerous forest fires of the various shades. 
and a general "hazy" appearance on a 
number of the photos. Regardless of Vegetation 
these obstacles, the item of color tone 
was of major value in /interpretation. Approximately 85 to 90 percent of the 
Upon comparing separate airphotos, or area is uncultivated, with pine and oak 
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Figure 5. Lack o f c o r r e l a t i o n between geo log ic and agronomic 
references. There i s p a r t i a l c o r r e l a t i o n o f the engineering s o i l 
map w i t h both references . Upper l e f t shows a i rpho to of coas ta l 
p l a i n area; upper r i g h t i s a geologic map of the same area; lower 
l e f t i s an agronomic map and lower r i g h t i s an engineer ing s o i l 

map, a lso o f t h i s same area. 

groups of photos, a preliminary delinea
tion of soils was accomplished. The fu l l 
value and effective utilization of this guide 
was attained by stereoscopic study of 

forest predominating. The cultivated por
tions are usually associated with the heavier 
soil textures (A-2-4 to A-4)i but many of 
the farms are located in poorly drained 
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areas, where an available source of mois
ture is the prime consideration, rather 
than because of heavier soil textures. The 
pine barrens of New Jersey (Fig. 13) cover 

many acres of Ocean County and consist of 
a stunted growth of pine trees about 2 to 
4 f t . tall. By giving particular attention 
to the distribution and density of these 

Figure 6. Ai rpho to s t r e s s ing absence o f land form. 

Figure 7. Typical view of an o u t l i e r . Automobile decending slope 
of prominent land f ea tu re . 



timbered lands, one may obtain a fair are always darker due to a thick growth 
idea of soil texture. Interrelated with of moisture-loving trees and bushes. Like 
vegetation is color tone; the one is the color tone, the vegetation is helpful, but 
direct result of the other. The cedar only when considerable attention is given 
swamps and poorly drained depressions the minute details. 

0f 

Figure 8. Iron-cemented sand and grave l . Bedded cementation has 
been encountered at depth i n excess o f 10 f t . 

Figure 9. Narrow stream meandering i n a wide a l l u v i a l channel. 
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Land Use . , _ 

This guide is of little value as an aid in 
airphoto interpretation because of limited 
agricultural development. Although small 
in number, road cuts, gravel, sand, and 
clay pits give vivid clues as to the nature 
of the occurring deposits. An interesting 
item is the orderly layout (square sided 
and following a geometrical pattern) of 

soil. Where the soil is of this sandy, 
uniform texture, it ruts easily and many 
bypasses (Fig. 15) and short alternate 
routes are continually being made by pas
sing vehicles. This feature is evident on 
the airphotos, and the identification of the 
existing soil is readily accomplished. 

The unexplainable feature is the occur
rence of long lines (Fig. 16) seemingly 
radiating from a common center. Numer-

^ " . 

4 
J' 

...̂  Figure 10. Typical amputated d 
edges o f streams, w i t h stubby 
In upper l e f t - h a n d corner, n o t i 

pat 
the many cranberry and blueberry farms 
or bogs (Fig. 14), usually situated in a 
wide alluvial area. 

Special Features . . -

There are two prominant features; 
with one serving as an aid in interpreta
tion and the other adding confusion due to 
our inability to explain the phenomenon. 
Those sancfy soils (A-2-4 and A-3), that 
are uniform in grain size do not attain high 
densities and remain loose and unstable. 
Many miles of roadway throughout the 
county consist of the original in-place 

rainage p a t t e r n . C lea r ly def ined 
appearance of minor t r i b u t a r i e s , 
ceable lack of any surface r u n o f f 
t e r n . 

ous groups of such lines, at times miles in 
length, extend over a considerable area 
with no apparent regard to topography, 
drainage, or any other natural feature. 
This strange pattern poses a definite chal
lenge to one interested in further research. 

Field and Laboratory Experience 

Both field and laboratory knowledge 
concerning the soils of the area are in
dispensable. During field inspection, the 
airphotos were constantly referred to, and 
this association proved itself well worth
while during subsequent airphoto map-
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ping. The correlation of field experience 
with laboratory test results of soil sam
ples secured was made all the easier due 
to our direct association with the mate
rial during testing. 

TYPICAL ENGINEERING MAP UNITS 
The map unit system (13) employed in 

Ocean County is based on that previously 

numbers, and corresponding to a narrow 
range in materials in the AASHO Designa
tion: M 145-49 (formerly known as the 
H.R.B. classification), such as: 12, re
ferring to granular material with textures 
ranging from classification of A-1 to A-2; 
or 3, signifying predominantly A-3 mate
rial. Finally, there are two lower case 
letters designating approximate depth to 

hi 

Figure 11. V-shaped g u l l y development i n an o u t l i e r . Severely 
dissected o u t l i e r p a r a l l e l s a stream. This o u t l i e r consists o f 

granular m a t e r i a l . 

used in engineering soil mapping in New 
Jersey. A capital letter is f irst used to 
designate the origin of the parent material, 
e. g. , "A", referring to alluvial, and " M " , 
referring to marine. This is followed by a 
second capital letter, when necessary, to 
describe the general land form: " A M , " 
alluvial mantle, "MB," marine beach; and 
" M " alone, no significant land formpresent 
(level areas). A textural designation fo l 
lows, usually consisting of one or two 

ground-water table: ge, good to excellent 
drainage, with ground-water table 6 f t . 
or more in depth; ig, imperfect to good 
drainage, with ground-water table from 3 
to 10 f t . in depth. The following map 
units are examples of those resulting from 
the use of this system: AM-12ge,M-3 
ig, and MX-2 ig. These three map units 
wi l l be described and a summary of lab
oratory test results (Table 3) of samples 
taken in each area wil l follow. 
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AM-12 ge 

Alluvial deposition, composed of non-
residual, stratified materials deposited 
during the Quaternary and Tertiary peri
ods and identified as primarily either the 
Cape May, Pensauken, or Bridgeton for
mations. 

contrast is lacking and the map unit is 
generally correlated with certain types 
of the Sassafras and Lakewood Agron
omic Soil Series. Predominantly coarse 
textures prevail with AASHO designations 
including A- l -a , A- l -b , and A-2-4. 

This material is well drained, due to 
its slightly elevated position and its gran-

Figure 12. Example o f tone c o n t r a s t . Darker a l l u v i a l channel 
separates s i l t y - s a n d area i n lower p o r t i o n o f photo from a more 
granular area i n upper p o r t i o n . Cedar growth evident i n poorly 

drained areas. 

The material usually appears as re
worked remnants of old alluvial mantles 
of rather complicated origin. It usually 
occupies the slightly elevated positions or 
higher river terraces. Assorted, rela
tively homogeneous, it is composed p r i 
marily of quartz gravel and sand with 
occasional large quantities of weathered 
chert. The depth to the underlying for
mation is variable, ranging from a thick, 
extensive deposit to a thin local capping 
on some of the smaller hills. 

A significant engineering soil profile 

ular nature. The ground-water table is 
usually below 10 f t . and few drainage 
paths occur in the area. 

Highway alignment problems wil l be at 
a minimum with cuts and f i l l s usually not 
exceeding 6 f t . This is an excellent ma
terial both for use in embankments and as 
a source of borrow. Pavement support 
wi l l be exceptionally good. 

M-3 ig , , 

Marine sediments composed of un-
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consolidated, stratified materials de
posited during the Tertiary period and 
identified as either the Kirkwood sand 
or Cohansey sand formations. 

No prominent land form is associated 
with this map unit. It is usually found in 
areas of extremely level to undulating 
ground surfaces. The material is com
posed of assorted, homogeneous, quartz 

types of the Lakewood, Sassafras, Leon, 
Norfolk, and St. Johns Agronomic Soil 
Series. This profile development is not 
of engineering significance for classifica
tions of A-3 predominate throughout the 
various horizons. The soil is primarily 
a medium to coarse sand, extremely 
loose and permeable, with a minimum of 
fines. 

Figure 13. Contact between normal pine growth and stunted pine 
barrens . Major highway through center o f photograph separates 

these two types o f vege t a t i on . 

sand with the northern section becoming 
exceedingly micaceous. 

Irregularities, such as 1- to 3-in. 
lenses of clay, seams of gravel, and 
pockets of clayey sand or clayey gravel, 
are present but generally they are local 
in nature. 

There is a pronounced pedologic (14) 
soil profile development associated with 
this map unit. It is an excellent example 
of a podsol with as much as 2 f t . of leached 
topsoil present, correlated with certain 

The overall levelness of the ground 
surface and low sealevel elevations asso
ciated with this map unit results in a 
variable depth to ground-water table. 
Most often an imperfect to good (ig) desig
nation best describes prevailing conditions. 
However, at lower elevations of even a 
few feet, the depth to the ground-water 
table wi l l noticeably decrease. 

There wi l l be no engineering problems 
associated with alignment, cuts, or f i l l s 
due to the level nature of the ground sur-
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face. However, for use in embankment 
construction or as a source of borrow 
material, this soil presents a problem. 
Due to its uniform grain size, there wi l l 
be difficulties experienced in compacting 
this soil; consequently low densities wi l l 
prevail. 

crop and to their variable aerial extent. 
The material is a sand or gravel but in 
addition contains varying amounts of clay. 
Usually there is enough clay content to 
affect the soil classification, becoming 
A-2-6 and A-2-7 for some depth. 

Soil profile development, while tech-

Figure 14. Cranberry farms. The o r d e r l y arrangement o f these 
farms gives very d i s t i n c t pat tern evident i n upper po r t i on o f photo. 
This area i s poorly drained and system of dikes i s i n operation to 

c o n t r o l water supply. 

MX-2 ig 

Primarily marine deposition, composed 
of unconsolidated, stratified materials 
deposited during the Tertiary period and 
usually correlated with the Cohansey sand 
formation. 

The overall land form appears dis
sected and hummocky, but large level 
areas do occur. The letter "X" in the map 
unit signifies that a variable condition is 
present in the area. It refers to the er
ratic manner in which soil textures out-

nically present, is mostly obscured by 
stratification. The typical profile con
sists of 2 or 3 f t . of intermixed sand and 
gravel (A-2-4 or A-l -b) , overlying either 
clayey sand or clayey gravel (A-2-6 or 
A-2-7). This map unit is associated with 
certain types of the Lakewood, Norfolk, 
and Sassafras Agronomic Soil Series. 

The drainage symbol usually employed 
in MX-2 areas is " i g , " imperfect to good, 
but due to the variable nature of the land 
form, all types of drainage are encountered. 

Except in the more hummocky areas. 
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T A B L E 3 

R e p r e s e n t a t i v e S o i l - T e s t Data 
T e s t R e s u l t s 

Depth Sieve A n a l y s i s Hyd. A n a l . P h y s i c a l P r o c t o r H . R . B . 
Agronomic H o r i  to C u m u l a t i v e P e r c e n t Designation 

Map Unit Name and zon Bottom P a s s i n g S i l t C l a y 
% 

L . L . P . I . Max. D. Opt. M . C . 
% 

S u b - G r a d e Group Map Unit 
Slope Inches V. 4 10 40 200 % 

C l a y 
% % % p. c. f. 

Opt. M . C . 
% Group Index 

A M - 1 2 ge S a s s a f r a s A 8 98 82 77 50 27 * * 26 5 « A - 2 - 4 0 A M - 1 2 ge 
0 - 1 ° B 34 96 89 71 29 11 * * 16 3 * * A - l - b 0 

C 108 94 80 61 15 6 * » 16 5 121 10 A - l - b 0 
- 180H 86 30 22 9 1 * * N L NP 119 13 A - l - a 0 

A M - 1 2 ge S a s s a f r a s A 6 • * * * * * * * * * * * 
0 ° B 36 98 71 62 27 8 • * N L NP * * A - l - b 0 

C 72 97 53 44 23 4 * N L NP * A - l - a 0 
- 120H 99 62 43 18 1 * * N L NP * * A - l - a 0 

M - 3 ig Lakewood A 16 100 100 96 58 4 * * N L N P * * A - 3 0 
0 ° B 24 100 100 94 51 5 * * N L NP 114 10 A - 3 0 

C 46H 100 97 85 51 4 * N L N P 117 10 A - 3 0 

M - 3 ig St. Johns A i 3 * « * * * • * * * * * * 
1° Az 25 100 100 100 75 7 * * N L NP * A - 3 0 

B 38 100 100 100 71 4 * N L NP 109 13 A - 3 0 
C 54H 100 100 100 73 7 * * N L N P 112 11 A - 3 0 

M X - 2 ig Lakewood A 8 100 99 98 83 7 * + N L N P * * A - 3 0 
2 - 3 ° B 34 100 93 77 31 6 • N L N P 123 11 A - l - b 0 

C 43 100 96 82 43 16 1 16 30 12 126 10 A - 2 - 6 1 
_ 45 • * • * * * * * * * * * 
- 64H 100 100 100 61 22 1 22 30 13 118 14 A - 2 - 6 1 

M X - 2 ig S a s s a f r a s A 4 100 99 95 74 47 * * 40 10 * » A - 4 1 
0 ° B 12 99 86 70 41 18 * * 18 4 * A - l - b 0 

C 30 99 93 78 49 12 • * N L N P * • A - l - b 0 
- 60H 100 99 97 63 21 28 12 * A - 2 - 6 1 

* V a l u e s usual ly u n n e c e s s a r y . 
H Depth to bottom of hole. 

N L Non- l iquid; s a m p l e not suscept ib le to l iquid l i m i t test p r o c e d u r e . 
NP Non-p las t i c ; p la s t i c i ty index zero or cannot be determined. 

0. 

Figure 15. A bypass and r u t t i n g on fo res t road. This ru t t ed sandy 
s o i l i n l e f t hand p o r t i o n o f photograph w i l l discourage f u r t h e r 
t r a f f i c . Automobile i s l e a v i n g newly formed bypass at r i g h t . 
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road alignment can proceed in all direc
tions. The maximum height of cuts and 
f i l l s is approximately 6 to 8 f t . For use 
in embankments, as a source of borrow, 
and as pavement support, it is largely a 
matter of field inspection by a soils engi
neer to determine its suitability. In areas 
containing appreciable amounts of clayey 
material, caution should be exercised. 

plain differs sharply from that in a residual 
or glaciated area. In the coastal plain, 
emphasis must be placed on tone differ
ences, drainage patterns, and vegetative 
cover, while in residual and glaciated 
areas, land form, erosion, and gully 
characteristics should usually be given 
f irs t consideration. The stressing of 
these guides, heretofore considered as of 

Figure 16. Long r ad i a l l i n e s . The dark streaks prominent through
out, especia l ly not iceable i n upper - r igh t corner. Lines continue 

i r r e s p e c t i v e o f e x i s t i n g topography and a l l u v i a l channels. 

This map unit outlines areas in which 
clayey sand and clayey gravel are most 
apt to be encountered. This material 
is very erratic both in depth and aerial 
extent, and it is difficult to interpret the 
exact boundaries. This is a generalized 
map unit and should be treated as such. 

CONCLUSION 

Application of the previously outlined 
airphoto interpreting guides in the coastal 

secondary importance, may seem to com
plicate further the task of interpretation. 
Nevertheless, by strict adherence to a 
study of all the guides, it is possible to 
interpret the soil conditions present and 
to produce an engineering soil map of 
considerable detail in a coastal-plain area. 

Such a map as that prepared for Ocean 
County, contains more than a dozen soil 
classifications, or as designated, "map-
units. " In an area with this number of 
significantly different soil units, a high-
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way engineer could make good use of a 
guide or map dehneating the existing soil 
boundaries. The time, energy, and money 
expended in the development of such a 
helpful instrument would be worthwhile. 
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EDWARD A. HENDERSON, Soils Engi
neer, New Jersey Highway Authority — 
The authors have presented in the pa-
per a worthwhile contribution to the 
science of preparing engineering soil 
maps by airphoto Interpretation. 

The outer Atlantic Coastal Plain area, 
in New Jersey is commonly considered 
locally as being all sand. The authors 
have shown that significant differences of 
soil types do exist and complete engineering 
soil maps of theareawill be of use to high
way engineers in delineating the different 
areas. 

One specific thing of special interest is 
contained in Figure 5 of the paper. The 
geologic map shows areas designated 
Qps — Pennsauken Formation. It is known 
that this formation is one of the sources 
of the so-called South Jersey gravel. To 
locate the gravel deposits in the flat wood
ed terrain using the available small-scale 
geologic maps is next to impossible. Fur
thermore, the geologic map gives no in
dication of the thickness of the gravel de
posits. In Figure 5 of the paper, the 
sources of gravel are shown on the engi
neering soil map by the general map unit 
AM (Alluvial mantle). These areas are 
shown in more detail than on the geologic 
maps, and the finished engineering soil 
maps will be on a fairly large scale. In 
areas mapped as AM, a relatively thick 
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gravel deposit can be expected; where
as in areas mapped AM, only a rel-

M 
atively shallow gravel layer underlain by 
sand can be expected. The presently 
known sources of gravel in this area are 
being rapidly depleted and the engineering 
soil maps will furnish a tool for use in a 
systematic method of locating new sources. 

As pointed out by the authors, the Joint 
Highway Research Project at Rutgers 
University is preparing individual engi
neering soil maps and reports of each of 
the 21 counties in New Jersey. The im
portance of making available these maps 
is recognized by the cooperating agencies, 
inasmuch as other research activities 
have been subordinated until completion 
of this task. The general techniques used 
in developing the maps and reports are 
as described in this paper. 

The above-mentioned engineering soil 
maps and reports have been used to a 
considerable extent in New Jersey in con
nection with highway location and design. 
Borings and soil sampling along highway 
alignments have shown that the delineation 
of soil types is remarkably accurate. The 
following are major ways In which the engi
neering soil maps have been use± 

1. Area Familiarization. A study of 
the maps and a reconnaissance in the field 
using the map as a guide at the beginning 
of a soil survey gives a good concept of 
soil conditions. This is important in plan
ning all future phases of soil studies and 
is something that would normally not be 
achieved until the completion of a survey 
based only on borings, soil sampling, and 
testing. 

2. Alignment and Profile Selection. 
The maps furnish sufficient soils informa-
tion for all preliminary selection with the 
exception of major stream and swamp 
crossings. Where several alignments are 
being considered, the soil or foundation 
problems of each are evaluated and used 
in determining final selection. At major 
stream and swamp crossings borings are 
necessary to determine depth to adequate 
bearing strata. 

3. Establishing Boring Programs. The 
maps and reports enable the setting up of a 
program of borings, sampling and testing 
concentrated in areas where specific prob
lems exist. The soil surveys are always 
made to secure certain information such as 
the presence of rock and ground water, 

type of subgrade soil, etc. To make bor
ings at definite intervals along an alignment 
to determine this information is costly and 
time consuming and unless the interval 
between borings is small, critical areas 
may be missed. With the advance knowl
edge available as to general soil conditions, 
the soil survey can be made with assur
ance that the detailed information needed 
will be obtained at a minimum cost and, 
more important, that it will be obtained in 
time for its use in the early stages of 
highway design. 

4. Pavement Design. The present 
practice of various large organizations is 
to consider some test value of the subgrade 
soils as one factor in arriving at apavement 
thickness. The time, money, or facilities 
are not normally available to smaller or
ganizations for the purpose of making a 
comprehensive study of soil values and 
applying it to pavement design. However, 
within given areas, local engineers can 
determine the design and performance of 
existing pavements. Having the soil maps 
of the area, the performance of pavement 
types and thicknesses can be correlated 
with soil areas. From this a pavement 
can be selected based on a consideration 
of the important element of soil conditions. 
Those sponsoring the making of engineer
ing soil maps of New Jersey hope for 
great use of the maps in this manner. 

The engineering soil maps and reports 
published by the Joint Highway Research 
Project at Rutgers University were recently 
used by the New Jersey Highway Author
ity inestablishingflexible-pavement thick
nesses for the Garden State Parkway, now 
under construction. This parkway will 
run in a general north-south direction for 
the length of the state. In the complex 
soil areas of Middlesex and Monmouth 
counties, finished maps were not available, 
but a strip map was prepared by the Joint 
Highway Research Project for the use of 
the New Jersey Highway Authority. 

The Garden State Parkway alignment 
was found to traverse a glaciated area, 
the inner Atlantic Coastal Plain area (many 
clay soils) and the outer Atlantic Coastal 
Plain area (sandy soils). In each of these 
areas a definite flexible pavement thick
ness (surface, base and subbase) was es
tablished for the entire length of the area. 
Within an area, variable thicknesses up to 
24 in. of selected borrow beneath the sub-
base were established for clay soil por-
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tions. Up to this point, all soil conditions 
considered for pavement design were based 
on the Rutgers maps and reports. In 
critical areas, a limited number of bor
ings were made and the thickness of sel
ected borrow modified in some cases. 
Some further modifications in thickness 
and extent of the selected borrow only 
are anticipated during construction to meet 

field conditions. 
For the pavement design of a toll fac

ility of the magnitude of the Garden State 
Parkway, where time is of the utmost 
importance, the use of the available engi
neering soil maps was of great value. 
Time was definitely not available to make 
an extensive soil survey by borings, 
sampling and testing. 


