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THE ENGINEERING SIGNIFICANCE OF SOIL PATTERNS

By DonaLp J. BELCHER, Research Engineer
Jownt Highway Research Project, Purdue Unwversity

SYNOPSIS

The term so1l pattern 1s used 1n the comprehensive sense that includes not only
the color pattern of soils but the numerous other factors recorded in an aenal
photograph that are influenced by the so1l. When properly evaluated they indi-
cate the engineering properties of the soil.

This work stems, 1n a large measure, from an engineering evaluation of pedol-
ogy—the science of soil formation—and 1ts apphication to the problems of high-
way design, construction, and maintenance Its subsequent use 1n airport site
selection has permitted an analysis of the soil patterns and their mgnificance in
areas existing under a wide range of so1l, parent material, and chmatic conditions

Inasmuch as pedologyis an important phase of photo-interpretation a simphfied
form that may be termed engineering pedology 1s discussed from the standpoint
of subgrade problems Since this soils engineering techmque apphes to large
areas, a number of extensive so1l areas are described 1n detail and test data show-
ing their umformity are presented. These have been chosen to illustrate the
sumilanty of soils having a common origin regardless of geographic location.
Photographs of these areas are 1ncluded to illustrate their respective patterns

The individual so1l areas have patterns that indicate their properties Lacking
any information other than that shown 1n the photograph, the observer may study
each of the elements that make up the soil pattern. These elements, consisting
of erosion characteristics, soil color, surface drainage, and numerous others,
reflect the nature of the profile. Gulhes assume various shapes and thereby
reveal certain properties of the soil such as texture and claypan developments,
surface drainage 1s a function of slope and porosity of the soi1l; while color pat-
terns often reflect ground water conditions.

The elements of the so1l pattern change and therr significance varies in differing
climatic zones. The effect of climate is to change the type of vegetative cover and
the significance of so1l color. However, the soil pattern emphasizes the significance
of land forms and weathered slopes. Evaluation of the pedologic classification of
the great so1l (chmatic) groups indicates that 1t is of hittle value in engineering
work. This assessment 18 necessary since in some western states and in many
foreign areas, this is the only type of soil information available. Therefore,
. rehance must be placed on the interpretation of the soil pattern and 1its eng1-
neering implications. A group of photographs show the basic soil patterns, geo-
logic patterns, and the occurrence of granular deposits.

The geologic pattern 1s considered in 1ts relation to problems of location and
grading. By example and test results the properties of various strata visible 1n
photographs are shown.

The data show that the soil pattern has engineering significance and that it
ndicates the conditions that affect the location and construction of highways
and airports.
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THE PATTERN

The soil pattern as seen in aerial photo-
graphs? 1s the result of the influence of natural
and human forces acting on the original ma-
terial from which the soil was derived. The
elements that make up the soil pattern are
visible features that are directly or indirectly

I Aerial photographs have been approved for
release by the War Department and the New
Zealand Defense Command where concerned.

influenced by the physical properties of the
soil profile. These elements form patterns of
their own; among them are the land form, soil
color, erosion, surface drainage, vegetative
cover, slope, land use, and others such as bio-
logical evidence, micro-rehef, and farm prac-
tices. Although these will be discussed in de-
tail later, it 1s worthwhile to mention here that
apparently insignificant features appear in the
photographs in remarkable detaill. As an ex-
ample in photographs of arid and semi-and
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areas 1t is not unusual to see holes dug by
prairie dogs and ants Since these ammals
and msects dig their holes in certan types of
soil positions, we know something of the soil
when there is evidence of their presence in an
area,

In some areas all of these visible features are
present while in other areas one or more are ab-
sent It 1s helpful to realhize that, indepen-
dently, the natural elements may vary in their
significance and that judgment based on a
single element may often be m error. For
this reason it is desirable that the aerial photo-
graph contain two, three, or four elements that
indicate similar properties of the particular
profile. Each element, although not dupli-
cating the exact meaning of the others, adds
its portion to the mterpretation of the nature
of the soil profile Before exammng these
elements and their significance some attention
must be given to the process of soil formation
and profile development

ENGINEERING PEDOLOGY

Knowledge of the weathering of the parent
matenial and the consequent development of
the soil profile nto horizons (layers) of differ-
ing textures 1s not widely appled m engineer-
ing work For this neglect we are castigated
by the words of Ibn-Al-Awam, the Moor who,
in 1250 A D, wrote 1n his Kitab-Al-Felahah,
“All soils are underlamn by a layer that differs
radically from that at the surface. Such a
subsoil 18 found everywhere and can be said to
form one of the layers of the globe
He who does not possess this knowledge lacks
the first principles and deserves to be regarded
as 1gnorant ’(1)* These radical differences
are principally textural and therefore may di-
rectly influence the performance of highways
and runways.

Figure 1 1s an example of profile develop-
ment. The hight topsoil, A, 1s a silt, the dark,
B, horizon appearing as horizontal band 15 a
plastic silty clay, and the semi-granular parent
matenial, C, below contamns material of all
si1zes

Under some conditions the subgrade may be
of plastic clay when located in the B horizon
whereas 1n deeper cuts the pavement will rest
on the more stable parent material of the C

2 Numbers 1n parentheses refer to Bibliog-
raphy at end of paper

AERIAL PHOTOGRAPHY

homzon. In areas of gently rolling relief,
where profile development is strong each cut
presents a similar problem 1 which the sub-
grade varies from a compacted fill through the
A and B honizon to the parent material, C, in
the deepest part of the cut. Drainage prob-
lems, performance, and subsequent mainte-
nance vary i the same manner Proof of this
lies in the results of performance surveys,
pumping surveys, and mventories of spring
“breakups ’ These highway problems can be
traced 1n part to a disregard of soil conditions.
Figure 2 1llustrates performance 1n an average
highway cut

jgure 1. A weathered profile exposed in a
hlghway cut. The light-colored silty topsoil ap-
proximates the ‘‘A” horizon. The “B” horizon
appears as a horizontal dark band below the
topsoil and the ‘“C’’ unaltered parent material
marked by granular fragments.

In applying soil science to engineering prob-
lems 1t has been possible, and necessary, to eh-
minate many of the pomts on which soils are
classified, since they have little direct bearing
on present engineermng use. The essence of
the entire subject can be stated as follows
Regardless of geographic distribution, sous
developed from similar parent materials un-
der the same conditions of climate and rehef
are related and will have similar engineering
properties which 1n comparable positions will
present common construction problems and
produce hke pavement performance

Whether the parent material 1s a hard, re-
sistent bedrock, a soft, easily-eroded loess, or
a glacial material (till), each in 1ts own manner
develops a soil profile Because of their m-
dividual properties, these parent matenals
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produce a soil pattern that is related to their
texture, slope, ground water conditions, and
origin. This can be termed ‘‘the principle of
the recurring profile” which becomes signifi-
cant not only in engineering soil surveys but in
standardizing highway or airport pavement
design and construction methods.

When a soil profile recurs, as it does in com-
parable positions within a parent-material
area, the soil pattern will also occur. This is
the link between the soil pattern in the air-
photos, the soil profile, and the related soil
problems. Thus, by the proper sampling of a
given soil area the results may be used to deter-
mine soil characteristics in other areas having
a similar pattern in the airphoto without re-
spect to distance.

Aerial photographs can be a major factor in
making soil investigations a practical economic
success for at least two reasons. First; under
present procedures the average soils labora-
tory is handicapped by lack of funds and per-
sonnel to keep field and laboratory investiga-
tions abreast of design and construction re-
quirements; second, the present methods of
pavement design do not, except in a general
way, take into account the soil information
supplied by surveys.

Aerial photographs combined with geology
and pedology (soil science), if used properly,
will minimize the first and improve the latter
of these two weaknesses. Using the already
available standard Agricultural Adjustment
Administration photographs as a tool, a soils
engineering organization can make a field sur-
vey with photos in hand, sample, test and re-
port soil conditions on most projects long be-
fore the design department requires the infor-
mation. The second weakness, that of lack of
use of soil data, is equally acute but less easily
remedied. The first solution is easily executed
since everyone likes to produce more results
with less work. The second concerns the
field of those not primarily interested in soils
but in the final performance of the pavement.
If |soil tests cannot be shown to effect a re-
duced cost or an increased pavement life then
they will probably be discarded. A soils or-
ganization then should pay its own way. If
scant use is made of this type of information
then something is wrong and soils men are at
least partially to blame for not assisting others
to use their data.

Aerial photographs can help in this process
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by providing the necessary factors of interest,
understanding of the problem, and a view of
the “soil-position.” The factor of position is
often as important as the physical properties
of the soil. The test data plus the relative
position of the material tested should equal a
given design for one type of road in an area.
For example, the results of tests on the exten-
sive silt soils of the Devil’s Lake and Lake
Agassiz basins in North Dakota and Minne-
sota are the same as those from the windblown
silts that form hills lining the banks of the
Mississippi, Missouri, Arkansas, and Platte

Figure 2. A road cut into glacial drift parent
material. Some method of equalizing subgrade
conditions between cut and fill would eliminate
the wide difference in performance existing in
these adjacent positions. Note patches indi-
cating a failure where the subgrade intersects
the plastic material in the ‘‘B’’ horizon.

Rivers. However, the flat, poorly-drained
soils of the lakebeds have a high water table—
a depressed position—while the silt hills are
comparatively dry and well-drained. By any
common system of testing, soils from these two
areas will appear alike, resulting in one design.
Obviously the proper design for one soil-
position will result in an over- or under-design
for the other situation. Soil tests do not de-
scribe the entire situation that effects the sub-
sequent service life of the pavement. The
answer lies in relating tests and soil-positions
to a standard design proven for each general

. case.

Aerial photographs functioning as a scale
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model permit examination of the situation
without an inspection trip. Since position 18
determined chiefly by the relief of an ares, the
number of positions 1s limited to perhaps two
types of cuts, shallow or deep, fills, high or
low; level areas; and special or miscellaneous
positions. Thus, there are approximately
five standard positions. The soil factor then
enters into the equation. In working with an
average State the soils should be divided into
as many groups as will warrant changes in
design or construction methods—no more.
Currently this permits, as it should, classifica-
tion of sous—from the most plastic to the
granular—into & few groups. Chart I, a

CHART I — LEGEND AND CLASSIFICATION

AERIAL PHOTOGRAPHY

formed to contain design recommendations
wherever the particular situation is encount-
ered Asan example of this system a skeleton
table is shown in Table I in which several
“‘soils” require the same design in one position
for a given class of road. The table applies to
roads carrying the heaviest commercial traffic
in a hypothetical region that includes the in-
dustrial east and midwest.

It is reasonable that the regions should be
estabhshed on a climatic basis to include prob-
lems produced by weather conditions. On the
basis of temperature a boundary has been sug-
gested by the Public Roads Administration
(19) defining the practical southern limit of

FOR ENGINEERING SOIL IDENTIFICATION
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tentative step in this direction, has 11 soils
with a strong possibility of a future reduction
by grouping. The theoretical number of soil-
positions (five positions times the number of
types of soil) and resulting designs are further
reduced inasmuch as the same design may ap-
ply to sands and gravels in all positions. Fur-
ther, there are large areas in which some of
these soils do not occur and too there are some
sols that occur in one or two positions only.
The resulting table would then combine the
soil-position factor in a columnar arrangement
with the soil number or class ranging from top
to bottom on the left with the various positions

forming vertical columns. At the ntersec- -

tion of each “soil” and ‘“‘position” a box 18

frost action occurrence. This boundary sepa-
rates the country into two general areas (See
Fig. 3). 1, that subject to serious ground freez-
ing, and 2, that relatively safe from ground
freezing. In the light of more recent studies
other problems directly related to rainfall and
pavement performance permit several east-
west sub-divisions of the temperature belts
into areas based on rainfall. In attempting to
establish these boundaries a modification of
both the Koppen and the Thornthwaite
methods of climatic classification is necessary
in order to emphasize the important climatic
conditions influencing pavement performance.

In warm climates where frost action is not
anticipated the mosture content of the sub-
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grade 18 governed by the soil and the seasonal
rainfall. Tentatively 1t 1s indicated that un-
der wide varations mm annual ranfall two
separate subgrades composed of simlar soil
would at some period each year reach satura-
tion The distinction between 20 1n annual
ranfall and 50 in 1 similar soil areas would
exist in the duration of the problem period or
the period of highest subgrade moisture con-
tent. In desert and semi-arid areas 1t 15 be-
comung increasingly evident that in these areas

TABLE
TENTATIVE FORM AND CONTENT
OF SUBGRADE DESIGN TABLE FOR|
HIGH TYPE ROADS
REGION W1

RELATIVE GRADE LINE POSITION

cuTS®| FILLS LEVEL mse:u.nmwsﬂ

A x (SHALLOW SARD ON |
IMPERVIOUS TILL)

NI

SOIL NO
(CHART I)

A -
X «, (UNDERLAIN BY
| GLAYPAN)

oo yjoela|la|a|w

[
N]lN]|N| <

DESIGN OR CONSTRUCTION RECOMMENDATION (BRIEFED)

(A} SURGRADE PAPER

“© m SPEGAL NOISTURE CONTAOL

w IGH, DRAINED, SRANULAR IeSULATION “l

(L] .ﬂl DRARED, GRAMAAA NSULATION

U} INGLUOES SOMS DERIVED FROM SLACIAL DRIFT SANDSTONE LIMESTONE LOTSSMML.
AND LACUSTRINE OLPOITS, AND ALLUVAAL ANNUAL RANFALL I3 TO 45 MCHES
SURMCT TO GROUND FAEIZING I WINTER MOWTMS.

10 INTO PARENT MATERAL

(3} MICLUDES LOGATIONS WMERE GENEAAL SUBSRADE NATZRIAL 13 UNDERLAS BY
NOALZONS OR STRATA OF CONTRASTING TENTURE

4) SURBCRIPTS NDICATE OEVIATIONS FROM STANDARD PAACTICE CWRLUERCEID BY POBTION,

i8) DOCS WOT OCCUR 1w Trxd POMITION

having a low P/E* ratio the subgrade moisture
content is cumulative over a relatively long
period of time, finally resulting in pavement
distress.

Table I indicates the form that a subgrade
design chart may assume. For example De-
sign C applies to sits mn roling terramn and
would nclude the required mmprovements of
the exposed subgrade, such as compaction, to a
specified density or some other form of stabili-
zation that had been found to give satisfactory

3 Precipitation—Evaporation

AERIAL PHOTOGRAPHY

performance with a given pavement design.
This design would probably specify the per-
missable tolerance mn moisture content for
compacting these materals to the required
density Since this 1s a entical factor m the
compacting of this particular matenal, that
phase would be mmportant to all positions.
Furthermore, 1t 1s probable that, in this hypo-
thetical Region W, proper compaction n cuts
and fills will provide excellent performance
with standard pavement design.

The situation with respect to the Nos 7 and
8 soils (Table I) is sufficiently similar to war-
rant a single design for all cuts. Under these
road conditions 1n cuts an early failure by
pumping 1s common. A simple design feature
mcorporated during construction will prevent
this fallure  Similar failures occur in areas of
No 10 matenal and if Region W mcluded some
of the coastal plams States, Nos. 11 and 12
would also carry a sumlar design with some
possible adjustment to compensate for the n-
creased plasticity (and related properties) of
these clays. A corresponding table applying
to secondary roads would be necessary

EXTENT OF SOIL AREAS
If we are to accept the principle of the re-

- curning profile, the burden of proof then hes 1n

the umformuty with which nature has de-
posited the parent matenals of these areas. In
the exploration of this question a large number
of representative samples were taken. Stand-
ard tests were apphed on several hundred to
furnuish a basis of classification (2) and com-
pansons were made between corresponding
horizons 1n the profiles Thus, parent ma-
terial areas were explored and found to be con-
sistent Where exceptions occur the soil pat-
tern m photographs mdicates a change in
physical properties as well as the nature of
that change. It 1s important to note that the
ilustrations that follow are of wide geographic
distribution as well as being of a contrasting
ongm The intent mn selecting these examples
has been to show that the umformity of soil
properties and patterns is neither confined to a
few selected areas nor to a particular mode of
ongin, Where parent materials vary they do
so m a mammer related to their formation.
The variation, if significant, can be expected to
influence the soil pattern.

Figure 3 1s a location map showng the four
parent matenal areas to be descrbed. 1,
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Marine clays; 2, soils of the loess areas; 3, a
residual soil—in this instance derived from
limestone; and 4, glacial drift. These repre-
sent the major classes of parent materials from
the standpoint of origin. The marine clays
were deposited under water; the loessial soils,
derived from windblown silts; the residual
soils, developed in place from rock; and the
glacial drift materials were deposited by ice
during glacial periods.

The Marine Clays of the Coastal Plains

During one geologic period of the earth’s
history, large areas of the Gulf and East Coast

Figure 4. The photograph shows the variation
in colors in an area that, from the ground, ap-
pears black. Chalk underlies the entire area
and where light tones appear the influence of
the chalk has modified the silty clay to a No. 9
material. The darkest areas represent Nos. 11
or 12 material. Erosion control in the form of
“‘terracing’’ is evident. Sheet erosion on these
gently sloping areas indicates a condition of
retarded internal drainage and implies a clay
texture in the subsoil. Bar scale on aerial
photographs indicates a distance of one mile.

states were submerged. During this period
gravels, sands, silts, and clays washed from the
nearby mountains were deposited under water.
Subsequently, continental uplift has raised
these materials above sea level. The area is
now known as the coastal plains and it extends
in varying widths from New York to the Rio
Grande. Included in the coastal plains (See
Fig. 3) is an extensive area of black plastic clay,
generally known as the “Black Belt.” Figure
4 is an aerial photograph that illustrates the
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pattern of the upper coastal plains areas’
Black Belt. These soils are underlain by a
layer of chalk, marl, or limestone in the sub-
stratum that sometimes introduces a silt in-
fluence that is indicated by the Class No. 9
(Chart I) soil.

Other areas of the coastal plains vary
through the texture range from the famous
“sand-clays’ in the southeast to the fine sands
and sandy silts of local areas in the eastern
lower plains, and the sands of the majority of
the southern coastal areas, especially of Flor-
ida. Some of the other coastal plains clays
(light colored, Table II—samples 7-12), de-
veloped under similar circumstances, are de-

TABLE O
REPRESENTATIVE SAMPLES OF

COASTAL PLAINS CLAYS

i SATion PLASTICITY|
" INDEX

[LABORATORY]
DRY WEIGHT
(PROCTOR)

DEPTH LiQuip

cLASS®
IN INCHES | LIMIT

ALABAMA, SOUTH EASTERN | 40 (—) 553 27.4 908 2 A

TEXAS, NORTH GENTRAL 24 (0-40)| 50,4 3.2 992 "

TEXAS, NORTH EASTERN 168 50.4 az6 - 12 A

ALABAMA, CENTRAL 6o 3.7 364 - 2 A

ALABAMA, CENTRAL 60 487 19.0 930 9
(LIGHT AREAS IN FIG. 4)

'
2
3
. TEXAS, CENTRAL 60 s2.4 313 - n
s
.

4 ARKANSAS, SOUTH CENTRAL | 48 52.6 308 - "

. ALABAMA, CENTRAL 60 574 218 098 12 A

’ TEXAS, NORTH EASTERN 20 s7.9 20.0 829 12 ¢

10 MISSISSIPPI, SOUTH BORROW PIT 9.8 26.8 - 12 A

" ALABAMA, EAST GENTRAL 72 89.0 20.4 838 12¢

12 TEXAS, SOUTH 24 + 482 26.4 107.0 ne

(1) The data presented in this and the following tables
are necessarily brief because of the stipulations of the Fed-
eral contract under which the work is being conducted.

These are random samples representative of large areas
and are, therefore statistically significant. However, within
each area related variations oceur and due weight should be
given to the exceptions represented by the single examples.

Locations 1-6 represent Black belt area.

Locations 7-12 represent other Marine clays.

(2) See Chart I.

(3) Gulf Coast Clay.

fined under a variety of catenary* names such
as Susquehanna, Orangeburg, Oktibbeha,
Lake Charles, Lufkin, and others. These
soils, being of an impervious nature develop
the same indications of clay-like properties in
the soil pattern regardless of their pedologic
name. Figure 5 is representative of some of
these clay areas. Initare the inevitable signs
of highly developed surface drainage, “clay
shaped” gullies and distinctive color tones.
Many highway pavements on these soils show
a marked distress directly related to the sub-
grade conditions.

4 A catena is a family of soils derived from
the same parent but occurring on different
slopes.
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Soils of the Loess Areas

Although an unrelated type of soil deposit
such as windblown silt offers a restricted paral-

Figure 5. Soil pattern in a light colored clay
area of the coastal plains. Note the well devel-
oped surface drainage. ‘‘Caswell” sand, oc-
curring as rough light spots (outlined) in some
parts of the area, is the only granular material
available in many of these localities.

Figure 6. The loess pattern in various climates.

AERIAL PHOTOGRAPHY

wide flood plains of our major rivers, to glacial
deposits, and to the great plains areas spread-
ng eastward from the foot slopes of the Rocky
Mountamns. Violent winds generated by the
proximity of the continental ice sheets swept
silt size material from these broad open areas.
Adjacent uplands were covered with this
mantle of silt that today forms one of the out-
standing examples of so1l umformuty Where
the water-laid coastal plains varied in texture
from clay to gravel these wind-laid materials
consist of particles principally 1n the silt size.
Clay sizes are absent imtially because the co-
hesive property of clay resists wind erosion;
the more coarse matenals because of the
hmited carrying power of the wind, and the
absence of sand mn the wide alluvial areas.
The clay found 1n some silt profiles is formed
by subsequent weathering of the loess.

Soils formed from these materals lend
themselves readily to arphoto mnterpretation
because of the many distinguishing features
that are peculiar to the soils of these deposits
(see Fig 6) In this country (Fig 3) theloess
belt begins 1n semi-tropical Louisiana and ex-
tends northward along the east bank of the

St EAE 7 N,

A humid Mississippi, B subhumid Wash-

ington, and C semi-arid Nebraska. Note the similarity of the erosion pattern. The amount of
vegetation is the chief variable in the soil pattern.

lel, it permits observation of the effect of wide

Mississippt until near the junction of the

climatic variations on a uniform parent ma- Ohio i1t spreads mto Ilhnois, Jowa, Kansas,

terial. The origin of loess 1s attributed to the

Nebraska, Massouri, Indiana, Wisconsin, and
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Minnesota. Loessial soils are found locally in
other disconnected but related areas. In the
west a large section of Washmgton and adja-
cent areas of Idaho and Oregon are covered
with a similar mantle The remarkable con-
sistency of these matenals both m texture and
test results can be appreciated only partially

TABLE III
ATl L
REPRESEN EROM. VARIOUS. DEPOSITS ,
WEATHERED PORTION OF PROFILE (A 8 8 HORIZONS)
LABGAATOM! appmcxauare LocaTIon [Lauo et | AT |oa waen?] o

use-c | towa-gastens 388 7o = »
524 | ssoum easTeRN e 13 - [
urr-c | owa-wesTERN a2 e - »
ner-c | wssoum-wesTERN <08 ue - 9
WI-C | WASHINGTON S (2] ® - D)
060-C | xansas wEsTERM CH [} - .
urec | utan-iamo une 361 78 - 0
3401 | miow [ [T 1018 )

SB7C | ALMOM -WESTERN 83 302 - W
903C | WSSISEIPAI WESTERN a8 s - »
Lad TENNESSER WESTERN 30 "e 1042 [

PARENT MATERIAL (LOESS)

1384-C KANSAS - WESTERN frestvass. o | marsoren | sLasencanon @
[ [ 0?7 ] %s s
2002 | OWRA SOUTKEASTERN | ®92 n ©90 [
o | Tooesses - westeRs 1] - 1043 .
sorc | ussssire-wstemn s 31 1048 .
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materially from those i this country  On the
basis of this continumg uniformty 1t is rea-
sonable to evpect the large belts of loess m
Europe, South America, and Asia to conform
i physical characteristics to those of the
United States In fact, the local silt area of
the northwest African coast has textural in-
dications in the form of “sunken paths” sim-
lar to the “sunken roads” of Mississipp1 and to
the extremely deep roads reported (3) mn the
northern China area  One illustration of um-
form engineermg treatment in smular soil
areas 1s shown m Fig 7, illustrating vertical
cuts in Mississippy, 1n the Palouse area of
Washington, and in north China.

Souls of the Lamestone Areas

Residual soils are those developed by the
weathering process that destroys the parent
bedrock They are the residue that remaimns
when the soluble materials have been removed
by leaching or when the individual grains have
become loosened by physical weathermg.
These two processes largely determine the na-
ture of the so1l In humud chimates the leach-
ing by percolating water predominates; in
and chmates physical weathering is active and
the moisture movement 1s retarded or reversed.

Figure 7. An example of the distribution of a soil material (loess) and the uniformity of en-
gineering treatment required by the physical properties (Table III) of the soil. Nearly-vertical
cut slopes are required unless immediate and complete sodding are scheduled. A, Mississippi—
note the effect of climate on the tree cover (55-60)°; B, Washington (15-20)—lack of tree cover
indicates low rainfall. Patch in settled area of fill reflects the difficulty of compacting silt with-
out sufficient moisture; C, Vertical cuts in loess area of China (12-17) (Courtesy of Prof. Mo Chih

Li, National Tsing Hua Univ.).
s Annual rainfall in inches.

by viewing the presented data. The results
shown in Table III are divided mto two parts,
those data obtained on the weathered portion
of the profile (A and B horizons) that 1s in-
fluenced by climate and slope and those of the
unweathered parent matenal.

Although only one test has been run on
loess from China its properties do not vary

In this paper himestone has been considered
as a consolidated rock high in calcium ecar-
bonate and often mcluding appreciable quan-
tities of magnesium (dolomute). Marls and
chalk have been excluded because they have
not been encountered as soil-producing ma-
terials. However, soil information and air-
photos of the chalk areas of England indicate
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(18) that a silty, friable material is produced.
These limestones are divided into two soil-
producing types: the hard dolomitic lime-
stones, and the more common, relatively pure

TABLE IV

REPRESENTATIVE SAMPLES OF SOME LIMESTONE
RESIDUAL SOILS IN THE UNITED STATES

LABORATORY| PLASTICITY
NUMBER | APPROXIMATE LOGATION INDEX

Louio umIT DRY WEIGHT | CLASS"

938-C | OKLAMOMA, CENTRAL 510 308 — "

946-C | MISSOURI, SOUTHWESTERN 386 1888 - 10*
852-C | KENTUCKY, GENTRAL 591 203 %28 "
1007-C_ | OHIO, EASTERW 626 a26 812 124
928-C | OKLAHOMA, NORTH CENTRAL 800 409 — 128

1380-C | KANSAS, SOUTHEASTERN se8 284 — "
842-C-4 | ALABAMA, EASTERN 9.3 276 860 124
1026-C | OMIO, SOUTHEASTERN 630 333 — 124
1395-C | WEST VIRGINIA, NORTHEASTERN 541 37 o717 "

1347 C | ARIZONA, CENTRAL 574 339 — 1l

1085-C | WISCONSIN, WEST CENTRAL 838 s72 84.0 12A

1309-C | UTAN-ARIZONA LINE 581

281 INDIANA, SOUTH CENTRAL 636 295

* Has a high chart—see Fig. 8 airphoto pattern.
(1) See Chart I.

N W ‘g

Figure 8. Illustrations of a soil pattern in a cherty limestone area.

limestone.
cult compaction problem.

AERIAL  PHOTOGRAPHY

remarkably consistent in engineering char-
acteristics in humid and sub-humid climates,
regardless of geographic location.

Table IV illustrates the distribution and
representative test data on several limestone
soils. Since these soils occur on rolling relief,
cuts into the profile are common. Therefore
the test data concern the important lower por-
tion of the soil profile exposed as subgrade in
cuts.

In some of the limestone deposits there have
been appreciable quantities of chert in the soil
profile. In some instances there has been a
sufficient quantity to make the material in the
profile more of a rock-soil mixture. When the
chert content reaches this proportion it can be
distinguished by a characteristic pattern that
is illustrated in Figure 8. In this view surface
drainage is undeveloped indicating good in-
ternal drainage despite the fact that physical

g
Sinkholes (arrows) indicate

The white speckled pattern is related to the chert and indicates a particularly diffi-
Close observation of cut slopes and detailed ground inspection are

necessary to distinguish this condition when on general reconnaissance survey.

limestones. The dolomitic limestone, con-
fined to relatively minor areas, is highly re-
sistant to weathering, retains its features rela-
tively unmodified, and produces very little
soil. The majority of limestones produce a
rather deep profile and have been found to be

tests give an opposite impression. This is the
influence of natural structure in the soil pro-
file that permits drainage even in clay soils.

There is ample evidence to indicate that the
pattern of limestone soils and their similarity
of engineering properties can also be projected



BELCHER—SIGNIFICANCE OF SOIL PATTERNS

to the humid tropics. Associated with these
limestones there are plastic clays and silty
clay soils derived directly from the limestone
as well as alluvial soils washed from the hills.
In addition plastic soils weathered from lime-
stone occur 1n North Africa and the adjoining
mediterranean coast of Europe (4), Palestine
(5), and India (6)

Among sedimentary deposits the clay shales
contribute more than their proportional share
to highway failures in the form of landslides,
fill failures, and unstable subgrades In
general, these matenals are of hmited extent
and occur as minor outerops in predominantly
sandstone or limestone areas, in some notable
areas (Fig 3) however, the shales appear as
surface material and dominate the entire
region Where the shale 1s exposed to ero-
sion 1t becomes highly dissected forming
rounded slopes Inasmuch as these are ma-
Tine clays partially consohdated 1t 1s logical
that thewr texture when weathered 1s that of a
No 10, or higher, material Figures 13, 15,
and 20 B, C illustrate the characteristic
weathering that distinguishes these materials
whether viewed from the ground or from the
arr,

Soils of the Glacial Driyft Areas

The Continental ice sheets provide what 1s
probably the largest continuous parent ma-
terial area in the Umted States Figure 3
indicates the area covered by glacial drift.
Similar areas occur m England, Scandanavia,
North Germany, and the U § § R m Europe
and Asia  Smaller glacial areas are associated
with most of the mountainous regions of the
world The glacial dnft that mantles large
sections of many of the northern states has
been derived from a large varety of rocks and
yet the parent matenal of the till plains con-
sists almost entirely of material that can be
classed as Nos 7 or 8 (Chart I) A small per-
centage of the area falls into the No 4 class
material and some in the No 10 Because of
the varied origin of the dnft in the United
States, these parent matenal classes can also
be expected to embrace much of the European
and Asiatic till The major remaining portion
of the dnift 158 made up of stratified materials
deposited by glacial streams These take the
form of outwash plams, eskers, kames and
terraces or valley trains and consist chiefly of
sands and gravels Glacial lakes occupy a
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small proportion of the area and range n tex-
ture from silts to silty clays Figure 9 shows
an area of the glacial Lake Agassiz basin (No.
Dakota—-Minnesota) m which wave marks, low
relief, poor dranage and “clay gullies” indi-
cate the ongin and texture of the soil

Figure 9. Air view of glaclal Lake Agassiz
basin. The pattern so clearly visible from the
air is indistinguishable on the ground. Ponded
water, extremely flat terrain and the V-shaped
drainage way are directly related to origin, soil
conditions, and a definite design procedure to
overcome a poor subgrade material in this soil-
position.

TABLE V

REPRESENTATIVE SAMPLES OF GLACIAL PARENT
MATERIALS (TILL) IN THE UNITED STATES

LocaTion uoud  [eLasTiciry [ASRATORT]  supper

NO. [T moex | %7 eoorom | cLass

174-0 POOTH BAKDTA CENTRAL 208 134 1083 r
1370 ¢ RANSAS, GOUTH OCETRAL - - L. T
1388 0 MNCHIBAN WESYERN - - IRAR A
»e 0 DESIANA, NOATREASTERN 204 " 136 ]
e & ICINGAN, WEST CENTRAL [ 128 18 [
1010 © SNIO, ROATH CONTRAL 296 181 (111 ] L]
1932 ¢ ONID CEMYRAL 188 L1 - T
1008 © WIBGONESIN, SOUTH CENTRAL n a8 - .
1089 @ MICHIGAN, UPPER PERBIBULA - - 1301 .
1008 6 MAINOS NORTH GENTRAL =l m pa L]

Table V illustrates the distribution and uni-
formity of glacial parent materials. Al-
though the texture of these parent materals
remam substantally alike, differences m the
ground slope or “position” create differences
in the weathered horizons of the profile above
the parent material (Fig 1)
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Figure 10. A semi-granular glacial drift area in a dry c..mate. Lack of vegetative cover and the
type of land use indicate a semi-arid condition. Semi-granular texture is indicated by lack of
surface drainage. Notice the directional trend of the pattern influenced by the ice movement.

i

Figure 11. A common glacial till pattern in the younger drift areas of the humid midwestern
states—Ohio to Iowa. In this area the color pattern is well developed and the profile recurs in
a similar pattern. These are plastic, poorly-drained soils of the till plains. The section sketch
shows the relationship between the slope of the ground, profile development, soil color, and vege-
tation. Gravel terrace on left and rock ledge on right not included in airphoto.
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Figures 10, 11, and 12 illustrate a range in
glacial drift patterns ranging from semand in
Figure 10 to humd in the other figures. Al-
though the patterns are not alike, since the
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check, by photographs, the reliability of data
obtamed from other sources In instances
where no supplementary soil information is
available detailed examination of the elements

-
DI T-w

GULLY CROSS SECTION

/wumz FRINGE AREAS 1

"""""" (SLT).

HORIZONS —=B

SEMI- GRANULAR GLAGIAL DRIFT

8'-10' {PLASTIC SILTY GLAY)

i Figure 12. A striking pattern of old drift common to Ohio, Indiana, Illinois and Missouri. These
are the clay-pan areas having silty topsoils and deep plastic ¥roﬁles promoting a surface drainage
pattern. Sketch shows relationship between the texture of the horizons in the soil profile and
the gully shape (See Figs. 1 and 27). This profile becomes waterlogged for long periods since the
“A;Lis pervious and the *“‘B” relatively impervious. Wet weather construction is seldom practical
in these areas.

will pernut, 1n most cases, a rather accurate
description of soil conditions. If errors occur
they hie within the province of the interpreter
and not 1n whimms of nature

Since it is impossible to deal with each ele-
ment the more important are presented in as
much detail as is feasible,

textures and profiles vary, each 1s distinctly a
glacial drift pattern.
ELEMENTS IN THE SOIL PATTERN

In making soil surveys of this type without
field exploration it 1s always adwisable to
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Landform (Parent Material)

The local structure of the earth is perhaps
the most general element of the soil pattern.

AERIAL PHOTOGRAPHY

local area identification of the land form is
usually practical. Figure 13 illustrates two
variations in a land form pattern produced by

Frra 2

Figure 13. A. Aerial view of nearly horizontal beds of limestone and shale.” Geologic erosion

has cut through a series of these strata forming a contour-like pattern.

. g v d

In this relatively dry

climate the limestone (white) outcrops to form comparatively steep slopes while the soft shale

(dark) assumes low, gentle slopes.

ping beds of shale and limestone form the pattern shown.
Note the abrupt change in surface drainage.

shale while deep soils mantle the limestone.

In single or paired pictures covering an area of
several square miles it is not always possible to
identify positively the parent material that
controls the form of the land. With addi-
tional pictures showing a greater portion of

Sketch on section A-A’ illustrates formation.

B. Down-dip-
Shallow impervious soils form on the

sedimentary rock. Figure 13A is a contour-
like pattern produced by dissection of horizontal
beds of limestone and shale in a sub-
humid area; Figure 13B shows the same ma-
terials (in beds of greater thickness) tilted and
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exposed to erosion in a humid area. Obvious-
ly, the greater the area available for inspection
the more apparent becomes the landform pat-
tern.

Figure 14. The pattern of weathering in sand-
stones and stratified rock. This view in arid
Iran shows the abrupt slope changes while in
moist climates slopes are more modified. High-
ways and airports are located on the valley floor
where soils related to the associated rock are
deposited by water. Reprinted from Erich F.

Schmidt, Flights Over Ancient Cities of Iran
(Areal Survey Expedition, Mary-Helen Warden
By permission of the Uni-

Foundation) 1941.
versity of Chicago.

583

disappointing at first. Where bedrock forms
the parent material, geologic literature (12)
should supplement experience in visualizing
the general structure. The photographs will
provide most of the necessary details, since it
is in these that we have a record of the relative
weather resistance, depth of soil mantle, water
conditions, and other properties and features
that are directly related to construction and
location problems. Where transported sur-
face deposits cover the bedrock, geologic maps
often prove misleading. As a rule, with the
usual exceptions, in areas where bedrock in-
fluences the soil, indications of the type of bed-
rock will be apparent. Likewise, glacial-drift
areas also have distinctive patterns as do
aeolian deposits of sand or silt. To review these
briefly: Sedimentary rocks such as limestone,
sandstone, or shale are originally formed
under water in nearly level beds. When these
are elevated above sea level and remain in a
horizontal position, erosion reduces them by
dissection that produces a particular type of
stream pattern and often leaves flat-topped
islands of rock. In arid countries (Fig. 14)
these are mesas or buttes, in humid climates
they are monadnocks, having the same island-
like shape but somewhat modified side slopes
caused by the protecting influence of vegeta-
tion. These have retained their shape be-
cause a cap of resistant rock protects the

SRR B

Figure 15. An aerial view and model of a dissected sedimentary rock formation. A thin sand-
stone caprock protects a deep bed of clay shale that weathers to a “soft” slope typical of clays.
In such areas of dipping strata, landslides can be caused or avoided depending upon the right-

of-way location.

By determining the landform the engineer
largely determines the type of parent material
with which he will deal. Reference to geo-
logic maps will assist in this determination.
Geology, like pedology, requires some transla-
tion for engineering use and therefore may be

underlying materials from erosion. Since
sedimentary rocks are stratified, and the
strata vary in physical properties, a difference
is reflected in the weathering resistance of
each stratum. Thus, in examining such for-
mations (see Fig. 15) the existence of clay-
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Figure 16. Sinkholes in a limestone area as they appear from the air. On the basis of 'the
uniformity of limestone soils in similar positions subgrade conditions in cuts and compaction
requirements for fills can be anticipated from a photograph. Section sketch shows relationship
of sinkholes to underground drainage channel and depth of soil mantle to ground slope.

Figure 16a. Ground view of an Average Size
Sinkhole in a Limestone Area

shales is indicated by the presence of “soft”
slopes occurring below the cap rock. The
choice of location in these situations may be
optional but slight differences in grade line
elevation change the subgrade from sandstone

to plastic clay-shale. Consideration of the
dip of the strata should influence the location
of a road since a location on one side invites
landslides because of the necessity of cutting
into down-dipping shales.

Where these stratified formations = are
folded, as in the Appalachian Mountains, they
control the stream pattern to such an extent
that a rectangular pattern is developed.
Branches of streams follow parallel courses in
the alternate beds of soft rock or shale. In-
stead of the ordinary bends expected in a
stream the turns are often right-angled.

The intensity of the general pattern is in
proportion to the age or progress that weather-
ing has made. As in the case of limestone,
sinkholes are usually the first stage of weather-
ing (Fig. 16—Indiana). As weathering pro-
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gresses the roofs of subterranean caverns col-
lapse and leave ridges of limestone that
assume a cucumber shape when viewed from
above. These further weather into domelike
forms called haystack hills. Figure 17 shows
these developments in a tropical climate.
Sedimentary rocks and voleanic (basalt) rock
develop plateau forms or related patterns
when folded. Granites by reason of their
method of occurrence as mountain cores and
smiliar intrusions readily lend themselves to
identification. Again the significance of this
particular element is general since it is an in-
dication of the soil mantle as well as the re-
lated soils (alluvial) derived by erosion from
these areas. Thus the land form is influenced
by the parent material. The distinguishing

features by which glacial drift, loess, sand, and
other parent material areas can be identified
are related either to their texture or to some
physical features peculiar to their method of
Perhaps the most outstanding

deposition.

585

tween present and past drainage. Vast
rivers of water supplied by melting glaciers cut

Figure 17. Advanced stage of weathering of
limestone in the humid tropics. Valleys be-
tween parallel ridges were once limestone
caves. Extensive sinkhole development and
subsequent collapse of the caves created
valleys. The hills are described as pepinos and
mogotes—cucumbers and haystacks because of
their shape. Related soils are plastic silty
clays.

Figure 18. An oblique view of a gravel terrace in New Zealand illustrating the wide application

of the major elements of analysis.

Not only is the land form apparent but the absence of surface

drainage, source of the material, vertical stream banks, and color pattern (arrows) are clearly

" shown.
New Zealand Aerial Mapping, Ltd.

feature common to glaciated areas, either con-
tinental or mountain, is the disproportion be-

The checkered field pattern is caused by a variety of crops. Reproduced by permission of

valleys and built gravel terraces that dwarf the
streams that are in balance with our present
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climate and now occupy the valleys. The
tremendous terraces and fans at the foot
slopes of many mountains (Figs. 18 and 21)
are of glacial gravel just as the kames, eskers
and river terraces of our northern States and
Canada are products of the continental ice
sheets.

Texture, composition and origin largely
determine the resistance of a material to ero-
sion and weathering, and under similar con-

materials indicate the relative clay content of
the soil mantle. These ‘‘soft’’ slopes are a
contrast to those characteristic of more
weather-resistant rock. Reprinted from Erich
F. Schmidt, Flights Over Ancient Cities of Iran
(Areal Survey Expedition, Mary-Helen Warden
Foundation) 1941. By permission of the Uni-
versity of Chicago.

ditions of weathering the same type of parent
will respond in a similar fashion. It is rea-
sonable to assume that, regardless of distance
the same type of rock will produce similar
soils under similar climatic conditions. Fig-
ures 19 and 20 show the ‘“soft” slopes pro-
duced by the weathering of granites in the
relatively dry climates. Similarly the weather-
ing of limestones is related to the climate.
These are but the more definite examples of
rock types having distinctive weathering
characteristics. Both the occurrence and the
weather resistance combine to aid in identifica-
tion. Where slopes appear to be ‘soft”,
the soil can be expected to have a relatively
high clay content and the materials washed
from such slopes to form terraces will have a

AERIAL PHOTOGRAPHY

stratified profile grading from a granular sub-
soil or substratum to a silty or sandy clay
overburden. The more rugged slopes produce
less soil and more granular material. Figure

A

Figure 20. A: The slopes of these mountains
are the key to the soil texture in the filled
valley at their foot. Gravels and sands are not
as available in this area as in areas of more
resistant rock while the increased clay content
of the soil makes the use of granular material
more desirable. B and C: Clay-shale slopes in
South Dakota and in Arizona indicating a No.
10 to No. 11 material. Note resistant caprock
in each.

21 shows a well developed series of terraces
forming an excellent source of granular ma-
terial as well as providing a very stable loca-
tion for runways or highways. In contrast



BELCHER—SIGNIFICANCE OF SOIL PATTERNS

587

Figure 21. Glacial terraces associated with the Madison range in western Montana.

These

can be identified as granular material because of their forms and lack of erosion scars.

Figure 22 shows a highly dissected terrace in
Palestine having a deep uniform profile in
Lisian marl. The gullies’ side slopes indicate
uniformity, and the shape, a silty-clay ma-
terial.

Slope. Prevailing ground slopes may also be
considered an element of the soil pattern. In
examining photographs the observer receives
a general impression of the local slopes in an
area. These are generally a function of tex-
ture with granular and semi-granular ma-
terials assuming the steepest slopes. The ob-
server will find areas adjacent to streams the
most productive in which to examine this
feature. At bends where the current may be
attacking the bank of the stream, fresh ex-
posures unmodified by the accumulation of
debris at the foot are available for inspection.
However, slopes over which runoff passes are
the more reliable indicators. Even the un-
initiated can readily detect the difference be-
tween the prevailing slopes in areas of, No. 9
or higher, silty clay and the less plastic, No. 8
or lower, materials.

Surface Drainage. Surface drainage or run-
off is the result of melting snow or ice or of
rain falling on the ground. Whether it soaks
in or runs off the ground surface determines
the existence of a drainage pattern. The por-
tion that runs off the surface determines the

Figure 22. A land form in Palestine similar
to that shown in Figure 21. In this instance
erosion indicates an impervious texture and
the gulleys show the existence of a deep uni-
form profile. The Orient Press Photo Co. (Tel-
Aviv).
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intensity of the pattern. In this sense surface
drainage does not mean rivers and streams but
the immediate and local pattern caused by
runoff on an acre, a section, or a square mile of
ground surface. Briefly stated it is a direct

Figure 23. A sand plain showing no surface
drainage, a uniform color pattern and sparse
vegetation representing an excellent subgrade
material. Muck occurs in the channel (glacial)
remnant outlined.

AERIAL PHOTOGRAPHY

23). But plastic clays and silty clays resist

_the penetration of moisture, which promotes

surface runoff and the development of a drain-
age pattern.

A drainage system may vary in complexity.
Complete absence or a simple extension of sur-
face drainage from a stream into the upland
probably indicates a pervious material. A
highly integrated system with branches reach-
ing to all parts of the area indicates poor in-
ternal drainage (Fig. 24) which for engineering
use means a plastic subgrade, difficult con-
struction, a need for an adequate base course,
and provisions for drainage. Obviously on the
same parent material the amount of surface
runoff will be greater on the steepest slopes.
This relation to slope in itself creates differ-
ences in the respective soil profiles: those on
the steepest slopes are shallow and weakly de-
veloped, while those on the flat slopes are
deep and less pervious. . In most cases, where
there is sufficient year-around rainfall the sur-
face drainage element is highly reliable.

Figure 24. An air view of a plé.stic silty clay soil and a tracing of the surface drainage pattern.
Note the transition from drainage ways to a dark color pattern. Compare the drainage pattern on
these Nos. 10 and 11 soils with the sand (No. 2) pattern in Fig. 23.

funetion of soil permeability and ground slope
and, within rather wide limits of slope, surface
drainage is a function of the permeability of
the profile. Porous sands absorb the rainfall
and surface drainage does not develop (Fig.

“Functional texture” is offered as a qualify-
ing term for soil classification regardless of the
method of survey. Aerial photographs show
the effective drainage of the profile regardless
of texture. The limestone soils have a well-
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drained profile. They are often red in color
and lack evidence of complete surface drainage,
indicating a porous profile. However, this is a
condition not related to the common concep-
tion of texture since these soils are high in ac-
tive clay content. The process of weathering
and profile development produces an -open
structure in which the clay particles are segre-
gated into lumps with ample space between for
percolating water.

The porous limestone
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and will act as such in engineering structures
functioning as a semi-granular material.

Logically a discussion of erosion should fol-
low surface drainage since it is a related pro-
cess. Actually erosion in gully form cuts
through the profile and provides some detail
on textural differences within the profile.
Therefore, a discussion of the remaining ele-
ments produced by the net effect of the entire
profile will be completed first.

Figure 25. Avertical photograph of an area containing a lateritic soil, 1, in which clay size soils
function as porous material. Laterite may develop from any type of parent rock under conditions

of high rainfall and temperature.

ous rock have developed a surface drainage pattern.
Arrows indicate, 4, a swamp area, and 5, a color pattern indicating highly

dotted outline, 3.
plastic soil.

parent material absorbs the water and pre-
vents waterlogging of the profile, a condition
which would otherwise result in a consequent
swelling and closing of the soil structure.
When compacted during construction this
structure is destroyed and the immediate sub-
grade or fill reacts essentially as any other
plastic clay. The qualifying term aptly ap-
plies to the slightly plastic, well drained, clay-
size soil materials of the high rainfall tropies.
Although the colloid content of these inactive
clays is high (as much as 90 percent), they
will appear porous in photographs (Fig. 25)

Plastic soils developed on comparable slopes, 2, from tufface-

Sand bordering the shore line is shown in

Soil Color Tones. The color of the surface
soil material is often a result of conditions that
have controlled the soil-profile development.
In such instances the color tones evident in
photographs give indirect information on the
texture and drainage of the profile. Soil
color (surface) is a function of the natural
vegetative cover which is in turn controlled
over large areas by the climate and in local
situations by the immediate ground-water
condition—often regardless of climate. The
climatic influence will be omitted here and
considered more completely under another
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heading, Initially the most confusing part of
photo-interpretation is that pattern created by
crops. These are regular in shape and are ob-
viously a product of human effort The soil
color pattern usually shows through most
* crops and can be traced upon close examina-
tion or by interpolation from adjacent fields.
The color pattern is always irregular

The color element or pattern varies from one
area to another, assuming, as does drainage,
different shapes and varymg mn actual color.
Fig 11 1s an example of a hghly developed
color pattern (Indiana—glacial dnft) faith-
fully reflecting shight changes 1n elevation and
ground water conditions. The black areas are
deep, wet, plastic silty clays while the shightly
higher hght areas have a better water con-
dition, a shallow profile and a higher silt con-
tent. A comparson pattern 1n red and black
occurs mm Tanganyika and Somahland (8).
Red, white and black are the common colors
found m surface soils In humid areas
temperate or tropic, the black color is related
to soils existing 1n low, poorly dramed situa-
tions Since this apphes equally to sands 1t
can be seen that rehance on color alone 15 as
erroneous as dependence on any other single
element This continuity of color often car-
ries over long distances since the “mbuga” of
Tanganyika and the ‘“vler” of South Africa are
wet, black clays The followmng description
of depression soils 1n the Uganda Protectorate
apples precisely to the black soils in Fig 11
They “consist typically of an intensely black
topsoil overlying a gray or bluish-gray water-
logged clay” (9) These soils regardless of
their location will have a similar soil pattern in
aerial photographs and will present the samé
difficulties 1n engineering construction The
so-called black soils or chernozemsarea product
of climatic influences that are favorable to
grass cover When these are viewed from the
arr they are found not to be uniformly black
but to contam a variety of shading with a
distmetly black soil in depressions

Red m soils often indicates a well-dramed
profile having a low water table. In ordinary
photography red filters used to remove haze
give the red areas a dark value m the prints
Many soils 1n the south have a red color and
almost all limestone soils except under special
rainfall conditions, are red

Red 15 also a dominant color 1n many clay
shale deposits and the outeroppmg of “red
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beds” that weather to rounded slopes (Fig.
15) are inevitably associated with landshdes
and fill failures. In these cases the color is not
indicative of good drainage.

White or light gray colors in soils of the
humid regions are usually an indication of ex-
tremes 1 moisture variation. They are sub-
ject to seasonal saturation and drought;
saturation during long ramny periods because
of retarded internal drainage and dryness be-
cause of a favorable pomition. Obviously
sands are an exception to this and can be dis-
tinguished from a light colored silty clay by
other elements of surface drainage and dune
shapes (if present).

With the co-operation of the Army Air
Forces, experimental photographs are being
flown 1 five sections of the country. These
aerial photographs (transparencies) mn color,
exposed at various altitudes give remarkable
details of the vegetative cover as well as the
natural colors of the various horizons 1n the
soll profile Where erosion 1s active, the
colors of the major horizons can be seen by
noting their sequence from the headward ends
to the mouths of gullies Likewise, the color
bands of the horizons can be seen on the slopes
of highway cuts

The value of color in this work lies in the
added detail that 1t furmishes with respect to
these two elements of the soil pattern The
cost of color film, while somewhat higher, is
Justified m special work and particularly in re-
mote areas because of the separations by color
of many mmor details

Vegetative cover 1s perhaps the most difficult
of the elements of the soil pattern for the eng-
neer to interpret Only the more obvious de-
tails required for mterpretation on the basis of
vegetation 18 to be had in high-altitude
(12,000 ft) photographs Various types of
trees are difficult to identify but drastic
changes m soil conditions create vegetative
contrasts that mark the boundary between
soll areas Ths 1s especially true 1n the vast
northern swamp areas represented by Figure
26 Within a swamp area where the water
table 1s sufficiently ugh to obliterate other
elements of the soil pattern, vegetation alone
remams Mouck and peat bogs have separate
and distinguishing patterns of their own but
the so-called tamarack swamps have proven
difficult to decipher In forested areas, forest
fires complicate the pattern although the fires
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are often confined to the dry land. Lumber-
ing operations also tend to influence the pat-
tern. In general wet and dry positions are
distinguishable by the vegetation that they
support, giving the observer a general im-
pression of cover type. Although the pres-
ence of poplar indicates dry ground, jack pine
implies sand and gravel beds; tamarack,
muskeg, and willow, wet ground. It is also
true that many species such as white pine and
aspen are tolerant of drainage and soil con-
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ground there are small areas of thawed soil
that are probably caused by circulating ground
water (19). These are marked by contrasts
in vegetation since the unfrozen ground pro-
motes the growth of larger plants, shrubs, and
bushes, having deep root systems.

Another characteristic of these frozen areas
observable in aerial photographs is the poly-
gonal pattern probably developed best on the
silt soils of the wide flood plains and terraces of
the river valleys. This pattern, also found in

Figure 26. A northern peat-bog area.

ing water has obviously influenced the shaping of the pattern.

ditions and will grow on sandy as well as clay
soils and in wet or dry positions.

Location work on the Alcan highway was
based on photo interpretation of this element.
Low altitude photographs and experience
would improve the reliability of this type of
interpretation. Since :some types of vege-
tation grow over a wide range of soil conditions
it is well to avoid placing too much emphasis
on this one factor without supporting evidence
from other elements.

Vegetation also acts as a partial indicator
of perennially frozen ground in northern lati-
tudes. Within the general region of frozen

This unusual pattern occurs in a glaciated area.
The area is extremely difficult
to explore and the variations in relief are so slight as to escape detection on the ground.

Flow-

other positions, is created by ground ice form-
ing more or less vertical veins in the soil mass,
extending in some instances to depths of 30 or
more feet. Marked by vegetational changes
and micro-relief these immense polygons (20
to 70 ft. in diameter) fore-warn of extraordi-
nary subgrade conditions.

Erosion is probably the most valuable index
of subsurface conditions of the soil profile.
Generally speaking two types of soil erosion
oceur, one in the form of gullies and the other
as sheet erosion. Although certain chemical
properties of soil influence the degree of ero-
sion it is controlled largely by texture.
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Gullies, being the most significant, merit the
principle consideration. Cut by surface run-
off, they often occur on sloping ground be-
tween the shallow upland drainage-ways and

Figure 27. An illustration A, of gullies in
sandy soils and, B, in claypan soils. The U-
shaped gullies are short and begin abruptly—
photo taken at head of gully. V-shaped and
flat angle-shaped gullies in the more plastic
soils extend well into the upland on a more
uniform gradient. C: A typical gully found in
arid regions where ‘“flash floods” attack dry
soil banks and often create U-shaped gullies
in clay soils.

the flood plains of established streams. The
cross-section shape of a gulley is controlled by
the cohesive properties of the soil. Silts,
sands, and sand-clays develop vertical sides or
U-shaped gullies’ Examples of these are

5 This relationship does not carry over in the
same degree to arid climates (See Fig. 27c).
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found in sandy coastal plains areas. Figure
27 shows a ground view of a gully of this type.
They are characterized by a sharp drop-off,
from the ground surface to the bottom of the
gulley, at the headward end. They are often
stubby, extending only a short distance into
the upland. V-shaped gullies indicate a deep
uniform profile in a semi-plastic to plastic
soil; where the V-gulley becomes very broad
and shallow (Fig. 27) a silty or fine sandy ma-
terial on a claypan is indicated. This same
shape may indicate a shallow soil on bedrock
but the presence or absence of rock outcrops
in the vicinity will confirm or deny this alter-
nate choice. These latter two types will pro-
gress for long distances into the upland. Thus
we may say that the gully is a partial key in rec-
ognizing the plastic unstable silty clays or the
sands, in distinguishing between well-drained
and poorly-drained soils, and in anticipating
dirt excavation or rock excavation. Unfortu-
nately airphotos cannot be used satisfactorily to
illustrate gulley shapes since they often appear
in minute proportions requiring magnification
of stereoscopic pairs. Silt gullies have the
additional feature of vertical fins or columns
preserved by sod or brush. Other erosion
features of silt occurring in north China (12)
take the form of chimneys and pinnacles.
“Catsteps”, another form of erosion common
in some areas characterize loess on steep
slopes. These contour-like shelves resulting
from the slipping of the loess are clearly visible
with magnification.

Land use and other human influences are in-
cluded as an element of the soil pattern. The
pattern of contour plowing, terracing, and
strip cropping are forms of erosion control
signifying a friable soil on a less pervious sub-
soil. Check dams, levees, crops, crop bound-
aries, plow lines and many others carry some
special significance depending upon the lo-
cality. “Dead furrows”, the inevitable sign
of plastic, poorly-drained soils, are the far-
mer’s attempt to obtain surface drainage in an
impervious profile. Orchards thrive in well-
drained locations and therefore, when ob-
served on level ground, good subdrainage is
implied.

These then are the major elements of the
soil patterns, the land form, surface drainage,
color, vegetative cover, erosion, and land use.
Created directly or indirectly by physical
properties of the soil they form a basis of inter-
preting the engineering characteristics of the

.soil and of fore-seeing problems that affect the
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cost of construction and maintenance of pave-
ments.

Climatic Effects on Sotl

It is evident that in applying photographic
interpretation to soil surveys in unfamiliar
areas lack of experience may require investi-
gation of available information concerning the
area. In the eastern and midwestern States a
good coverage of soil information exists. The
more recent reports are usually excellent and
can often be used without supplementing
photographs. Unfortunately, a large number
of these were completed between 1900 and
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for soil colors or other general distinguishing
features. The chernozems are black earths or
the prairie soils; black because of the restricted
rainfall that promotes the growth of grass
which in turn produces a deep (12-24 in.) or-
ganic development in the profile. The pod-
zols are soils having an ash-colored layer im-
mediately below the surface; these are de-
veloped in cool climates usually under pine
forests. There are also the gray brown pod-
zols, the red and gray desert soils, the chesnut
soils and the laterite.

In comparing these soil areas with the parent

"material areas it is impossible to escape the

Figure 28. Soil pattern of sands and clays under arid climate (3 to 10 in. rainfall) near the
central portion of a filled valley. Fine sands have the lighter color, are slightly higher in elevation,

and bear the channel marks of the outwash from the mountains.

The clay settles out as lacustrine

material in relatively quiet waters giving a contrasting dark tone compared to the sand. These
areas may be under water for short periods each year.

1925. The methods then used, the accuracy
of mapping, and the descriptive matter make
them difficult to use effectively for engineering
purposes. Outside of the area mentioned
there are few extensive areas that are mapped
in detail.

The bulk of the published information on the
soils of the western States (10) Europe (5)
and Africa (7) is based on the Russian system
of classification or some variation of it.
Where pedology contains many phases that
are directly applicable to engineering the cli-
matic classification conceived in Russia has
only a few minor applications in some areas.
In the event that this type of information is
available it is well to realize that it is based on
climatic influence, chiefly rainfall. The names
given the various soils are the Russian terms

conclusion that they are not related. Ex-
amining the chernozem belt that roughly
parallels the Mississippi River from central
North Dakota to Texas leads to the conclusion
that all types of soil exist in that area—clays,
silts, sands, and gravels. The same variations
occur in the other classifications. An example
of this oceurs in an area of Liberia mapped as
laterite soil. Actually the area consists of
“occasional swamps and stretches of clay soil
that necessitate the hauling of laterite gravel
for a few miles for road surfacing, but the sup-
ply of this ideal road building material is in-
exhaustible. It occurs in all parts of the
country, often in a layer 3 or 4 ft. thick just
beneath the topsoil . .. (11). Even the term
laterite is so broad as to include many forms of
soil and does not always indicate gravel or
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brick-like material used for road metal in parts
of Africa, India and the Malay States.

A soil area that would be classed as a Gray
Desert soil (Sierozem) is shown in Figure 28.
Here sands and clays occur as indicated by the
color and drainage patterns. This is the
general pattern of the central or low-gradient
areas of the arid, filled, intermontane valleys
variously described as ‘bolsons”, “playas”, or
“chotts”.

THE SIGNIFICANCE

Obviously the significance of the soil pat-
tern lies in its relationship to engineering prob-
lems affected by the soil. Currently the soil
problem resolves itself into two parts, one in
which the soil in place is satisfactory as sub-
grade, and the second, where the soil is un-
suitable. In areas of unsuitable soils some
form of improvement, by stabilization or in-
sulation, is required. Insulation involves the
economic location of granular materials in the
form of rock to be crushed, cinders (volcanic),
or sand and gravel. The preceding discussion
has dealt with each element of the soil pat-
tern; therefore, some grouping of these ele-
ments will illustrate the common soil patterns
not already described.

Inasmuch as gravel and sand or other granu-
lar deposits exist to some extent in nearly
every county in the country the significance of
soil patterns indicating granular materials is of
considerable economic importance to engineers.

Because of differing origin, granular de-
posits occur in various forms in various sec-
tions. Regardless of the area, isolated de-
posits of gravel and sand are related to present
or past drainage systems. On the basis of
soil areas the glacial drift has a variety of in-
teresting gravel and sand deposits. Each has
the usual elements that indicate the presence
of granular material.

Kamesand eskers are gravel deposits dumped
by the glacier onto the unassorted till or drift of
the surrounding area. They bear no necessary
relation to the general soil texture of the sur-
rounding terrain and, fortunately, often occur
in areas of plastic soils. Kames are round,
usually symmetrical, hills of gravel that have
been dumped from holes in the bottoms of
rivers flowing on or in the glacier. Eskers,
formed in a similar way, often resemble
abandoned railway fills. Because of their
shape and abrupt slopes these two forms are
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readily distinguished in aerial photographs.
Figure 29 shows eskers occuring in a northern
area. They are, as yet, undeveloped sources
of excellent gravel in the particular areas
shown. Figure 30 shows a characteristic
drumlin pattern that should not be confused
with eskers since they furnish a semi-granular
material unsuitable for commercial aggregates.

Figure 29. A series of parallel eskers in a
glacial drift area. While the eskers (ridges]of
gravel) themselves indicate a glacial area the
associated muck deposits and general pattern
are also indicative of glaciation.

Figure 30. Drumlins, a glacial form that
should not be mistaken for eskers. Examin-
ation of the elements of this pattern will indi-
cate a material less pervious than the sands
and gravels in kames and eskers.

Other formations in glacial areas containing
sands and gravels are directly associated with
stream channels. These take the form of out-
wash plains (sand), granular drift, and river or
stream terraces. Outwash plains are also
found in mountainous country, and they repre-
sent areas in which water moved with sufficient
velocity to carry sand or larger size material.
They are usually level plains, having a rather
uniform color pattern, an absence of surface
drainage, and a sparse vegetative cover (Fig.
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23). Sands develop a color tone that with ex-
perience becomes unmistakable in aerial photo-
graphs. Gravelly drift plains have the same
form of relief and lack of surface drainage but
they can be readily distinguished from sand

Figure 31. A: An airview of a gravel plain.
These plains although porous have a pattern
that distinguishes them from sand (See text
and Fig. 25). B: Granular material in a
glacial terrace in Washington state. '

because of their color pattern. Figure 31 is an
air view of such a plain. Close observation
shows the presence of an infinite number of
small irregular black spots. The general im-
pression is that the area has a worm-eaten ap-
pearance. The difference in composition of
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sand and sand-gravel mixtures accounts for
this. The sand, being chiefly silica, is highly
resistant to weathering while the gravels,
whether igneous or calcareous, weather and
form a silty or sandy clay horizon at the sur-
face. This horizon development partially re-
tards the downward percolation of water and
insignificant sinks or solution basins form
where sufficient water concentrates to make a
moisture condition more favorable to vegeta-
tion which in turn promotes a slight increase
in organic material. This difference creates
the pattern that identifies this class (No. 3)
of material in gravel plains throughout the
humid areas of glacial drift.

Gravel terraces occur in these areas in asso-
ciation with streams both large and small.
Figure 18 shows this type of land form. These
granular terraces are usually high above the
present floodstage of the stream. They are
level, they vary in width, and they may or may
not be continuous. The adjoining uplands
are dissected with many gullies emptying water
onto the terrace, while the stream border of the
terrace usually drops abruptly to the flood
plains. The truly granular terraces absorb
the water that they receive from the upland
and remain undissected.

Glacial lake beds (See Fig. 3.) present one of
the most unsatisfactory subgrade soil areas.
Despite their plastic properties most have a
series of beach lines that often serve as the
only source of gravel and sand for many miles.
Fortunately beach lines are clearly visible
from the air since they present a striking pat-
tern in contrast to the adjacent areas. Figure
32 shows the pattern of a small section of an
ancient beach line striking across the bed of a
glacial lake; its light color, vegetative cover,
and form make it as a source of granular bor-
row material so necessary for subgrades in
these areas.

Since water transports and assorts these
granular materials, washing away the fine
particles, it is possible to generalize and apply
to most of the other areas of the country the
rule that granular deposits occur where the
velocity of water decreases. This is true
along the fall line in the east, at the base of
mountains in the west and at the junctions of
streams in nearlyall areas. Ifthe watershed of
a stream contains rock, sand, or gravel, then
assorted deposits of these materials will occur
in or near the channel. Abrupt changes in
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qham;el direction are caused by a body of re- white spots appearing in the picture are
sistant material that may either be rock or natural deposits of ‘“‘gas-well sand”. These
buried gravel and sand. Figure 33 shows'a occur in many of the clay areas of this region

- Figure 32. A beach line of sand and gravel marking the border of one stage of a glacial lake.
These ridges of granular material, in a level area of fine-textured soils, are readily detected in
aerial photographs. Continuous dark lines mark 'the general boundaries of the beach line. The
stream flows through a gap. A cross-section sketch of the drainage-way is shown at lower right.

Figure 33. Gravel terraces at the junction of two rivers in New Zealand. Braided stream
channel at left. The continuous lines (arrows) mark definite stages of terrace development
while the less distinct scars are channel marks. On each terrace the surface is sufficiently level
for a safe landing by airplanes. Being gravel, these soils are stable in all seasons. Courtesy of
New Zealand Aerial Mapping, Ltd.

remarkable series of gravel terraces occurring
in New Zealand near the junction of two rivers.

Figure 5 illustrates an unusual source of
granular material peculiar to the coastal
plains in Arkansas and Texas. The small

and form the only source of granular borrow in
many localities. They often have a texture of
coarse sand and fine gravel, are round in shape,
10 to 50 ft. in diameter, and vary from a few
inches to several feet high.
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These modes of occurrence apply also to
areas where mountains rise abruptly from the
sea. In Figure 34 a slightly dissected granu-
lar terrace stands above the sea level at the
base of mountain slopes in a hot, arid climate.

597

In areas showing signs of past volcanic
activity, cinder cones furnish, in most in-
stances, a source of granular material suitable
for base construction. These are recognizable
from the air as well as from the ground by

WA

Figure 34. A gravel terrace, T, at a shoreline transition from mountainous country to sea level.

Simple gullies are beginning to dissect this terrace.

from the sea.

Figure 35. A ground view of a typical cinder
cone. The symmetrical peak and side slopes
mark this type of granular deposit.

Gully erosion in arid areas is more severe, since
the total annual rainfall often falls during a
few violent storms. Here the terrace, the
parent stream, and the steep slopes are in-
cluded in a small area.

A belt of loose sand, S, separates the terrace

their distinctive cone shape. The cinder cone
in Figure 35 is typical of this type of deposit.
In dry areas where vegetation does not cover
the slopes their form is more obvious. From
the air an observer has the added advantage of
detecting lava flows that stem from the base of
the cone and form a pattern having fluid out-
lines. :
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