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of readjustment of other existing underground 
utilities including sanitary sewers, water and 
gas mains, telephone and electric power i n 
stallations and the many other costly invest
ments i n underground as well as overhead 
work. 

Actually, the air photographs have proved 
an invaluable method of making reconnaisance 
surveys, and i t is doubtful i f l £ e location and 
design of any of the limited access routes now 

being planned wi thm the densely bui l t up 
areas of the Region of Chicago wUl be finally 
determined upon without the use of such air 
photographs. 

I n studying and weighing all of these de
tailed matters, the Cook County highway 
engineers were constantiy i n close touch wi th 
the staff of the Chicago Plan Commismon, the 
zoning authorities and the engmeers for al l of 
thp overhead and underground utilities. 

AERIAL PHOTOGRAPHS AND T H E DISTRIBUTION OF 
CONSTRUCTIONAL MATERIALS 

B T A . J . E A B D I ^ T , Department of Geology 
University of Mtchtgan 

SYNOPSIS 

Any means that speeds the mapping of extensive foundation areas and helps 
in the location of materials for borrow purposes is immediately valuable. Aerial 
photographs record individual and distinctive photographic patterns and tex
tures of the different types of soil and rock. I t is the interpretation and mapping 
on the basis of l imited sampling, that lend value to the aerial photographs. 

By sampling at the critical places revealed by aerial photographs, the respec
tive soil or rock types can be identified over wide areas. 

Sources of data on the distribution of constructional materials i n an area are 
contained on soil maps and geologic maps; and aerial photographs should be 
considered as another form of map for distribution studies. Since detailed soil 
and geological maps are not available everywhere, aerial photographs may be the 
only source of information preliminary to field surveys. Aenal photographs 
may best be interpreted by considering them as soil maps or geologic maps. Soil 
and geologic maps are briefly described, and their relation to aerial photographs 
IS illustrated. The examples chosen demonstrate the great u t i l i t y of aerial 
photographs in mapping soil types as well as hard rock formations. 

The engineer m charge of soil and rock 
uive$tigafaons for an au-port or highway proj
ect t r i l l appreciate any method that speeds 
up the survey work necessary to secure accu
rate information on the nature and distribu
t ion of the constructional matenals Aenal 
photographs are bemg used advantageously to 
this end, and already several publications (11)' 
have appeared that demonstrate their u t i l i t y 
m soil and bedrock mapping The present 
article is chiefly a summary of the earlier 
reports. 

'Numbers in parentheses refer to the list 
of references at the end of the paper 

A E R I A L FHOTOGBAFHB AS DISTBIBUTION MAPS 

Aenal photographs record individual and 
distinctive patterns and textures of the differ
ent types of soil and rock, and the boundanes 
of these types can usually be readily traced on 
the photographs A soil or rock sample of 
each photographic pattern wi l l usually serve 
to identify the matenal of the entu-e area of 
the distmctive pattern. I t is this feature, viz , 
interpretation and mapping on the basis of 
l imited sampling that lends value to the aerial 
photographs The boundaries are commonly 
revealed m a detail not caught by ground 
surveys', and often variations are recognized 
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on the photographs that might otherwise be 
missed on the ground. Over a l l , the photo
graphs reveal the critical places for sampling, 
and after the samples have been identifieid the 
respective soil or rock tjrpes can readily be 
traced over wide areas—not simply along the 
proposed route of the highway. B y recog
nizing the areal instead of linear distribution 
of material, better routes for the road bed 
may be selected and the most convenient 
sources of borrow material located. I n recent 
years the distribution of constructional mate-
nals and also data for engmeering design have 
been correlated wi th soil maps and geologic 
maps, and thereby ground surveys have been 
greatly accelerated (9). 

B y means of soil and geologic maps engi-
neermg design data of soil and rock types in 
one locality may be used at another w i th a 
minimum of field or laboratory study. A soil 
map of a small area wi l l serve as a k ^ to the 
identification of the soil types on photographs 
of a much larger surrounding area Aerial 
photographs should be considered as another 
form of map for distribution studies. Smce 
detailed soil and geological maps are available 
only of scattered parte of some States and not 
at-all of large parts of some contments, aerial 
photographs may be the only soured of infor
mation preluninary to field survejrs 

Aenal photographs may best be interpreted 
by considering them as soil maps or geological 
maps, and for that reason the elements of the 
soil map and the geologic maps hould be 
understood' 

SOIL MAPS AND AEBIAL PHOTOQRAPHS 

Soil maps show the locations and limits 
of the different kmds of soil Soil is uncon
solidated material and may be unlithified 
sediment or weathered bedrock I n fact, un
consolidated sedimente like the glacial d n f t 

> Vertical aerial photographs are those used 
for mapping purposes i n the Umted States and 
a general knowledge of their kinds, character
istics, use in making plaumetnc and topo
graphic maps, and geological interpretation 
may be obtained from two recent books, 
namely. Aerophotography and Aerosurveying 
(8)r and Aenal Photographs: Their Use and 
Interpretation (3) When used as a basis for 
the identification and distribution of soil types 
or bedrock formations a working knowledge of 
the two sciences, pedology and geology, is 
necessary 

of the Great Lakes Stetes or the wmd de
posited loess of Oregon and Washington may 
become weathered and develop a top soil 
unlike the subsoil. The term soil is used i n 
such a broad way that on modem soil maps 
certein types imply considerable hard bedrodc 
exposed i n patehes at the surface or buried by 
only a few inches of loose material. A soil 
map emphasizes the weathered material; the 
geological map ignores the weathered producte 
and charto the distribution of bedrock. There 
are two kinds of geologic maps of Michigan, 
for instance - one that shows the bedrock bdow 
the glacial deposits, and another that shows 
the distnbution of the different kinds of glacial 
materials such as moraines, outwash plains, 
kames and lake beds. The soil map of a 
county i n Michigan wi l l show considerable 
resemblance to the glacial d r i f t map, but none 
whatever to the bedrock map. I n other states 
like Oklahoma and Alabama the soils in large 
parts are weathered producte of the bedrock, 
and in distribution reveal approximately the 
outerop of the bedrock. I n desert country 
vast areas of bedrock wi th almost no loose 
material make up the surface, unconsolidated 
material, where present, is flood wash gravel 
and sand, alluvial fans, playa lake basms and 
local areas of sand dunes where a soil profile 
normal to the region has failed to develop. 

The soil engmeer m most places works w i t h 
the weathered or unconsolidated material, and 
consequently he is more interested m the evo
lution of the soil than m the geologic deposit 
f rom which i t has been derived The concept 
of the soil profile as a function of the parent 
material, of the climate, of time, of the vege-
tetion that grows on i t , and of the bacteria 
that teem in i t is well understood by the soil 
scientist (pedologist) and also by increasing 
numbers of highway engmeers. Modem soil 
classifications embody this concept and, there
fore, soil types as shown on soil maps sig
n i f y the features of the profile. The physical 
properties of the soil types m an area can 
be transcribed mto fundamentel engineermg 
properties, hence the value of the soil map to 
the engineer m selecting sites for airporte and 
roads, and in avoiding poor subgrades f rom the 
stendpomt of bearing capacity and drainage. 

Different soils have different colors and 
textures and also support different floral as
semblages. Therefore, they yield contrasting 
photographic patterns distinctive of the differ-
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ent soil types. N o t only can the distinctive 
patterns be recognized but th^y permit a close 
comparison of the photograph wi th the geo
logic and soil maps of the same area. 

6 E 0 L 0 O I C MAPS A N D A E R I A L PHOTOORAFH8 

Geological maps show the areas of outcrop 
of the various rock units in an area. The 
rock units are usually called formations and 
their l imits are arbitrarily selected for map
ping The boundaries between rock units are 
called contacts. The areas of formational 
Outcrop may be shown i n various colors or by 
some ruled pattern, the colors or patterns are 
generally overprinted on a topographic base 
map. A geologic map without topographic 
contours is called a contact map. 

The engineer wi l l be more interested i n dis
tribution than in structure of the rock layers 
and, therefore, i t may not be necessary for 
b im to be familiar wi th the interpretation of 
the maps for determining the kmd and loca
t ion of geologic structures He can regard the 
gieologic maps sunply as distribution maps of 
geologic formations The sumlarities of geo
logic maps and aerial photographs, as well as 
their differences, should be appreciated The 
aerial photograph shows the culture m great 
detail, whereas the geologic map shon-s only 
a few of the landmarks considered essential 
by the maker of the map; the aerial photo
graph shows what is at the surface and not 
what IS below, whereas the geologic map 
u$ually shows the spread of outcrop of bedrock 
formations beneath soil, t h in alluvium, glacial 
d r i f t , and vegetal cover; the aerial photograph 
shows relative but completely detailed relief, 
whereas the geologic map shows actual relief 
but only as correct and as detailed as was 
determined by the objectives and the condi
tions under which the field geologists worked. 
The geologic map is, i n a sense, already an 
mterpretation, whereas the aenal photographs 
are entirely objective. 

EXAMPLES OF INTERPRETATION OF A E R I A L 
PHOTOGRAPHS 

Schoolcraft County, Michigan 

Schoolcraft County is m the east-central 
part of the Northern Peninsula of Michigan. 
Lake Michigan forms its southern boundary. 
Excellent soil (1) and geologic (2) maps are 
available, as well as aerial photographs Be

cause of the availability of these three means 
of expression of the distribution of materials, 
the county seemed a favorable place to test 
the u t ih ty to the highway engineer of aerial 
photographs The aerial photograph. Figure 
1, covers an area about 2 by 3 miles in size in 
the middle of township T 43N, R 1 6 W . 

Three geologic umts are mapped, moraine, 
outwash plain, and swamp. A moraine is 
usually a heterogeneous deposit of sand, clay 
and boulders dumped by tiie ice sheet at its 
margin, an outwash plain is mostly sand or 
sand and fine gravel spread out by aggrading, 
melt water streams f rom the ice. The mo
raine here stands 60 to 70 f t above the swamp, 
is subdued and fair ly level and was covered 
completely by the waters of an ancient prede
cessor of Lake Michigan (2). As a result of 
the activi ty of the waves the low lying margins 
of the moraine have been reduced to a level 
plain and the bordering outwash has been 
greatly modified. The demarcation between 
morame and outwash is not always distmct 
because the $wo features merge at a common 
level. The boundary of the butwash plain 
and the swamp on the photograph is sharp 
and well defined The pattern of the outwash 
plain is distmct f rom that of the moraine but 
the boundary between the two is not very 
sharply defined The moraine is cultivated, 
the outwash plain is not; the morame supports 
the larger and darker trees, the outwash plain 
has the p i t lakes. W i t h these characteristics 
in mind the boimdary would be drawn on the 
photograph by the wnter f rom the upper mar
gin, as shown m Figure 2A, ^ u t h w a r d to 
where i t veers eastward, but then northward 
around the nearly circular lake near the road 
junction at a section comer. The boundary 
would then run southeastward to the end of 
the largest lake w i t h the island m i t ; thence 
irregularly south southeastward. Such a 
boundary includes considerable material i n 
the outwash plain that the geologic map des
ignates as morame. This seemed disconcert
ing unt i l the detailed soil map was studied, 
and there a very close correlation w i t h the 
photograph was found. The area of disagree
ment w i th the geologic map is almost precisely 
that of the Blue Lake loamy sand. This soil 
type IS more closely related to the Blue Lake 
fine sandy loam of the morame than to the 
Rubicon sand of the outwash plain, but evi
dently its second growth of tunber is much 
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more similar to that of the outwash plain, and 
therefore yields a similar photographic pat
tern. It is the zone of mergence of the mo
raine and outwash caused by the overwash of 
the old lake. It seems clear, therefore, that 
the photographs may reveal certain minor soil 
differences (types), such as the boundary be
tween the Blue Lake loamy sand and the Blue 
Lake fine sandy loam, but other greater differ
ences (series), like that of the Rubicon sand 
and the Blue Lake loamy sand, may not be 
distinct. Still, with the photograph in the 

The areas of peat around the lakes are fairly 
clear and if a stereoscope is used their identi
fication becomes very secure. Peat builds up 
to the level of the lake and results in a flat 
area at lake elevation. The flatness and lake 
level of peat areas are conspicuous under the 
stereoscope. Relief is lost in large part when 
photographs are viewed without the aid of a 
stereoscope, and since topography is closely 
related to the geologic nature of the deposit 
and is one of the factors that determine the 
soil profile, the stereoscope is a valuable instru-

Figure 1. Vertical aerial photograph of an area In the center of township T 43 N, R 16 W, School
craft County, Michigan. Compare the photographic patterns with the geologic and soil maps of the 
same area, Figure 2A and 2B. Courtesy Abrams Aerial Survey, Inc. 

field, the boundary between the Rubicon sand 
and the Blue Lake loamy sand could be 
mapped with greater speed than on a topo
graphic or planimetric map. 

An irregularity in the boundary between the 
Carbondale muck and the Rubicon sand may 
be seen on the photograph near the upper left-
hand corner. A crescent-shaped lighter strip 
is separated from the main mass of Rubicon 
sand. A white spot where the road crosses it 
is probably sand and marks a borrow pit. 
The road is particularly white, with sand lead
ing away from the borrow pit. The soil map 
shows the crescent to be Wallace sand, of sand 
dune origin. 

ment to use when studying aerial photographs 
(3). 

Additional interpretation can be inferred 
from study of the aerial photograph. Figure 1. 
The topography of the moraine, outwash and 
swamp could be detected stereoscopically. 
The swamp (Carbondale muck) must be a 
shallow deposit since it presented no apparent 
engineering difficulty in the location of the 
railroad. The railroad would probably have 
been placed on the outwash if the swamp was 
deep and required a large amount of fill to 
obtain an adequate subgrade support. The 
present outwash is covered with a second 
growth of poplar which suggests that it is 
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Figure 2A. Geological map of the same area as Fig. 1 

Figure 23. Soil map of the same area as Fig. 1. Wf, Wallace fine sand; Ns, Newton sand, 
Ss, Saugatuck sand 

fai r ly well drained. This deduction is sup- well dramed for agriculture. A small cluster 
ported by another, namely; that the outwash of ^ d dunes {Wf) in the upper lef t corner 
is not cultivated, and the soil is therefore, too of the photograph, over which the roads and 
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Figure 3. Vertical aerial photograph of an area in township T 41 N,R16W, Schoolcraft County, 
MlcUeao. Compare with the soU map of the same area. Figure 4. WR, Wallace-Rifle complex; 
WH. Wallace-Houghton complex; Wf, WaUace fine sand; Gr, Granby sand; Ea, Eastport sand; 
i ^ . Rifle peat; Sp, ^auldlng peat; Hm. Houghton muck; Ck, Carbondale muck. Courtesy Abrams 
Aertal Survey, Inc. 

Figure 4. Soil map of the same area as Fig 3. For Identification of symbojs see title of Fig. 3 
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trails are very white, shows that the outwash 
IS of such granular texture that some wind 
dr i f tmg occurred i n the past. The area of 
both the moraine and the outwash must be 
overlain by a rather permeable soil inasmuch 
as there is l i t t le evidence of erosion caused by 
surface runoff. Field work wi l l be required 
to ver ify these deductions, but i t is clear that 
i n a field s u r v ^ only three samples wi l l need 
to be taken to determine positively the main 
soil types as identified on the aerial photograph. 

I f an airport is to be bui l t i n the area of the 
aenal photograph, the most desuable site 
conld be quickly located on the basis of the 
photograph and soil map The Rubicon sand 
is granular and well dramed, i t makes a nearly 
level, dry, sand plain, and i t is subject to wind 
erosion i f the plant cover is removed. The 
Blue Lake loamy sand and sandy loam is also 
w d l dramed but since i t has more fine-textured 
material and a greater limestone content than 
th0 Rubicon sand i t is less hkely to be subject 
to wind erosion and is better smted to produce 
an effective sod cover. I t , therefore, repre-
sente the best material on which to build the 
airport. The site should, of course, have ac
cess to the road and highway. 

Another k ind of area in Schoolcraft County 
is illustrated i n Figures 3 and 4. Since the 
ice sheet withdrew, the level of Lake Michigan 
ha$ fallen considerably, and a series of succes
sively lower sand beaches has formed The 
rows of trees mark the low sand ridges and the 
intervemng stnps are peat accumulations. I n 
places the peat areas are wide and extensive. 
The white areas are beaches or bare sand. 
The soil map, Figure 4, does not show each 
separate sand ndge and each intervening stnp 
of peat, bu t has lumped the areas of narrow 
belts together into a sand-peat complex B y 
m e ^ s of the aerial photograph, however, 
every individual uni t could be fairly well 
charted. 

t n the upper lef t hand part of the photo
graph, the area of Granby sand (Cr) can be 
separated f rom the Wallace fine sand {Wf). 
The Granby has a much darker tone than tiie 
Wallace. The area of Granby located south 
of the railroad m the center of the photograph 
can not be identified as Granby sand, but i t 
is not peat or muck or the sand-peat (Wallace-
Rifle) complex Study of the upper center 
area of the photograph reveals that some of 

the sand beaches must contam coarse material 
or suiteble granular material for road con-
stmction because parte of the beaches have 
been removed for construction purposes. I f 
the engmeer is familiar w i th the pedological 
soil classification, he w i l l be able to look up 
the texture, the subgrade support and the 
average depth of the water teble for each soil 
type. He wi l l also be able to determine the 
availability of borrow material, and the desir
able location of the grade line over the soil 
types. 

Weber County, Vtah 

As a contrasting example to the Schoolcraft 
County area, one i n Weber County, Utah, is 
selected for illustration Here in an arid c l i 
mate a rugged mountem mass rises abmptly 
f rom the western piedmont. See Figure 5. 
The prmcipal nver of the area, the Weber 
K v e r , has cut a deep canyon through the 
range. The rock is a complex of gramte, 
gneiss, and schist. The range has been under
going vigorous erosion for some time and is 
practically a complete exposure of bedrock. 
Many crags are visible, although oakbmsh is 
plentiful on the lower slopes. The piedmont, 
on the other hand, has been one of deposition. 
See Figure 6. A t the time the glaciers were 
depositing the d r i f t i n Michigan, a body of 
water, ancestral to Great Salt Lake, rose to 
its highest level against the range f ront and 
formed a prominent beach along the strips 
marked B , Figure 6. A t a somewhat lower 
level a large delte of fine sand was bml t mto 
the lake at the mouth of Weber Canyon. The 
lake fel l s t i l l more and the delte was exposed 
and subjected to erosion by the Weber River, 
which previously had buil t i t As a result, 
a wide, shallow valley has been cut through 
the delte. The area marked Fs on Figure 6 
IS the only remnant of the top of the delte m 
the area of the photograph. I t is called 
Fresno sand on the map of an early soil sur
vey (5). Considerable can be inferred of the 
other soil types shown on Figure 6, because 
each one m ^ e s up approximately a terracei 
level cut by the nver in response to a lowering 
lake level. The terrace risers and treads are-
easily distmguished on the aerial photograph. 
Cut out of the Fresno sand, the terraces are-
veneered irregularly by flood gravels and sand 
of the Weber River The present flood spill-
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Figure 5. Vertical aerial photograph of the mouth of Weber Canyon, Weber County, Utah. 
Compare with Figure 6. Courtesy U.S. Dept. Agric, A.AJI. 

Fig. 6. Soil map of the same area as Fig. 5. Fs, Fresno sand; Fsl, Fresno sandy loam; Fslgr; 
Fresno sandy loam strewn with gravel; B, Bingham stony land; R, present river flood belt 

way of the river is denoted by the letter R. and gravels and have proved the best source 
The soils denoted by B are of several varieties of clean sand and gravel for concrete. Those 
Those along the broken strip are beach sands skirtmg the foot of the mountain generally 
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above the highway are recent gully flood ma
terials (alluvial fans) and contain a mixture 
of fine particles to extremely large boulders. 
Those at the mouth of Weber Canyon are 
the most recent flood gravels of the Weber 
River. 

The soil map descriptions, although not 
modern, are the best information available for 
highway, railroad, and canal design, and should 
be consulted before a detailed field survey, 
along a proposed route is made. . 

rock variations and broken zones. The ex
treme detail of the photograph is very helpful 
in determining location and it provides an 
unexcelled base map for a materials survey 
before route surveys have been made. 

The aerial photograph of Figure 5 has a 
fairly uniform pattern for all of the bedrock 
area. This would be interpreted to mean one 
kind of rock. Where several formations occur 
they usually yield contrasting photographic 
patterns and are easily identified. Figures 7 

Figure 7. Vertical aerial photograph of an area in the Wasatch Motintains northeast of Ogden, 
Utah, upon which the contacts of the various rock formations have been inked in. AR, Archean 
granite and gneiss; A, Proterozoic quartzites and phyllites; C -1- q, Cambrian quartzite; Cos, Cam
brian shale; Cll, Lower Cambrian limestones; Cul, Upper Cambrian limestones. Courtesy U.S. 
Forest Service • - - s-

The two railroads, the Lincoln highway, the 
dam, canal and water conduit through Weber 
Canyon have had to contend with hard bed
rock along a major part of their routes. As 
far as mapping the bedrock here is concerned, 
it is a simple problem because for engineering 
purposes it is one kind of rock, all fairly fresh 
and strong, although rather badly broken in 
places. I t is an intimate complex of granite, 
gneiss, and schist. The photograph could be 
enlarged twice or three times so as to provide 
a scale large enough for recording detail of the 

and 8 represent this feature. In most of our 
mountainous areas, and many others as well, 
aerial photographs not only expedite the map
ping of the outcrops of the different rock 
formations, but greater detail of the contacts 
is obtained. Where construction involves ex
cavation through the soil and into the unal
tered rocks below, it is necessary to have the 
bedrock variations surveyed, and the value of 
aerial photographs in this procedure is obvious. 
For more information on the geologic interpre
tation of aerial photographs see reference (3)_ 
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A V A I L A B I L I T Y O F MAPS AND PHOTOGRAPHS 

Geologic Maps 

Geological maps of small scale are hardly 
usable by the engineer except in a broad way 
in determining the distribution of geologic 
units. The 1933 geologic map of the United 
States does not show glacial drift, and, more
over, rock units of several lithologic aspects 

and Memoirs of the Geological Society of 
America. Bibliographies to be consulted are: 

Bibliography of North American Geol
ogy, U. S. Geological Survey Bulletins 746 
and 747 (1785-1918), 823 (1919-1928), 834 
(1929-1930), 858 (1931-1932), 869 (1933-
1934), 892 (1935-1936). 

Bibliography and Index of Geology, Geo
logical Society of America, Vols. 1 to 8. 

V 
Figure 8. Vertical aerial photograph of a hilly area in Oklahoma. The bevelled edges of in

clined sedimentary rocks produce the conspicuous pattern. Courtesy Southwestern Aerial 
Surveys. 

are grouped under one color pattern. Infor
mation must be sought in the detailed quad
rangle maps of the Folios, Bulletins, and 
Professional Papers of the U. S. Geological 
Survey, and in the publications of the several 
State geological surveys. Three geologic jour
nals have many maps and might be consulted. 
They are: the Journal of Geology, the Bulle
tins of the American Association of Petroleum 
Geologists, and the Bulletins, Special Papers, 

Soil Maps 
The most extensive set of soil maps will be 

found in the U. S. Department of Agriculture's 
Soil Survey Series. A map of the great soil 
groups of the United States is found in the 
highly recommended article "Development 
and Significance of the Great Soil Groups of 
the United States" by C . E . Kellogg, U . S. 
Dept. Agriculture, Miscellaneous Publication 
No. 229, 1936. 
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The Atlas of Amencan Agnculture, Part I I I , 
Soils of the United States, 1935, U. S Depart-
m0nt of Agriculture, contains small-scaled but 
fairly detailed soil maps of all of the United 
Stdtes The U S. Department of Agricul
ture's Yearbook of Agnculture, 1938, entitled 
"Soils and Man" is very informative, espe
cially the chapter "Soils of the United States." 

AencH Photographs 
At least three-fourths of the United States 

ha$ been photographed from the air. Some 
states have been entu-ely covered for the Agri
cultural Adjustment Admimstration, the U S. 
Forest Service, and the Soil Conservation 
Service. In almost any local office of one of 
these agencies index maps may be seen, from 
which index numbers of the photographic 
prints of the area desured may be obtained. 
The index numbers are necessary for ordering 
th0 pnnts. A number of large, well-equipped 
commercial compames have flown considerable 
areas and are tiie source of index sheets for 
certain areas sometimes not tabulated by the 
government agencies Some of the commer
cial compames are Fairchild Aerial Surveys, 
Incorporated, Los Angeles; Edgar Tobin Aerial 
Surveys, Incorporated, San Antomo, Texas, 
Abrams Aenal Surveys, Lansing, Michigan; 
and Holmberg Aerial Survey Company, 
Chicago. 

Since the war the sale of aerial photographs 
is forbidden unless clearance is obtained 
through the U. S Army Defense Command oV 
the Corps Area m which the photographed 
area lies. The lunits of the area and the 
index numbers of the photographs should be 
specified, the use for which they are desired 
indicated, and a statement included to the 
effect that they will be kept under lock and 
wiU not be available to the public I t is best 
that they do not cover any industrial areas 
and military emplacements or activities 

When permission to order is received from 
the Defense Command, an order may be 
duected to one of the following for whose 
Service or Agency the photoflymg was done-

J. M . Snyder, Chief, Cartographic Divi
sion, Soil Conservation Service, 

Ralph H Moyer, Chairman, Aenal Pho
tography Committee Agricultural Adjust
ment Agency, 

G. H Lautz, Assistant Chief, Division 
of Engineering, Forest Service 

After the war aerial photographs and plani-
metnc maps made from the photographs will 
probably be available for large parts of the 
several continents Extensive areas have been 
photographed by the Xrmy solely to aid m 
highway planning and construction 

CLIMATIC ZONES, GREAT SOIL GROUPS, AND 
AERIAL PHOTOGRAPHS 

The great soil groups of the world are now 
known to be related to distmctive clunatic 
r^ions, whereas, geologic deposits bear little 
relation to modern climates. The zones of 
the great soil groups have evolved discordantly 
over the great geological units, i e, as if one 
rag rug were laid across another. For this 
reason i t has been suggested that climate 
should be a guide to the highway engmeer in 
anticipating the kinds of soils he will have to 
deal with in an assignment to any part of the 
world Furthermore, i t is suggested that the 
soil series and types withm an area of a known 
soil group might be recogmzed and charted on 
aenal photographs before he goes mto the field. 

De&iite limitations must be attached to 
these suggestions. In the first place, the zones 
are irregular since irregular shordines and 
great vanation in altitude introduce pro
nounced irregulanties in the position of the 
climatic and biological zones. Nevertheless, 
i t would be inexcusable neglect to overlook 
such information on the distnbution of the 
great soil groups as contained in Gknka's "The 
Great Soil Groups of the World and Their 
Development" (6) and Eellogg's "Great Soil 
Groups of the United States" (7) In Asia 
the soil zones have a very general east-west 
trend. This is true also in the eastern United 
States; whereas, in the middle western and 
western parts of the country the soil zones 
parallel the mountains and run approximately 
north and south. I n many places conditions 
unfavorable for the development of a normal 
soil, such as rugged mountains, wide sandy 
plains, or swampy basins may cover rather 
large areas The important constructional 
matenals in such places may be better inter
preted as a result of geological processes than 
from the standpomt of a soil classification; or 
at least if a soil map is available the soil names 
applied to a deposit must generally not be 
construed to mean a certain soil profile be
cause from the geologic nature of the deposit 
none may exist 
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Positive identification of rocks and soils 
cannot be made on aerial photographs alone. 
This does not preclude, however, the gathering 
together of all the geologic and soil survey 
data possible on the area of the assigned 
project and making the most of the aenal 
photographs by way of mterpretation before 
entering the field. Their greatest value how
ever will lie, it IS believed, in the reduction 
of samphng and the speeding up of mapping 
of the rock and soil units in the process of the 
field work 

CONCLUSIONS 

Rock formations produce distinctive pat
terns on aerial photographs, and m many areas 
the photographs serve as unexcelled base maps 
for the charting of bedrock outcrops Much 
has been made of this concept in geology I t 
is also true that the various local soil series 
and types are commonly discernible on aerial 
photographs Positive identifications cannot 
be made but distribution of a certain pattern 
may be readily traced and the area defined 
Then only one or two samples need be taken 
imless some doubt exists about transitional 
zones. The photographs guide the soil sur
veyor, engmeer, or geologist to critical locali
ties and when once a soil or rock is properly 
identified in the field and its boundary defined, 
the photograph may allow the whole area to 
be charted in a minute, and perhaps, equally 
fast, many other separated areas like it 

Aerial photographs reveal detail in bound
aries usually not caught even in the most 
careful ground s u r v ^ Often it is not pos
sible to trace the complexities of boundanes 
between two mtimately intergrown types ex
cept on the photographs. Anyone who maps 
on aerial photographs in the field will quickly 
become convinced that he is doing a better job 
in running out the boundaries and that the 
time saved is great 

For the highway engmeer whose practice is 
first to make a reconnaissance tnp along the 
route, and then to start the mapping of a 
strip 200 ft. wide by samplmg at 100 ft. inter
vals more or less as the exigencies demand, 
the aerial photographs has an added advan
tage. Besides malung unnecessary much of 
the samplmg, it permits the lateral extension 
of the soil boundanes far beyond the 200-ft. 

strip without further field work and thereby 
much borrow material may be discovered and 
its most accessible locations easily noted 

The writer is indebted to F . R . Olmstead 
of the Michigan Highway Department for 
considerable assistance in preparing the pres
ent article. 
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