How to Use-Airphotos and Maps

for Material Surveys

OLIN W. MINTZER and ROBERT E. FROST, Purdue University

SYNOPSIS

IN areas where either geologic maps or soil-survey maps are available, materials pros-
pecting is relatively simple if the engineer or soil surveyor understands and interprets
the terminology and mapping units used by the agriculturalist and the geologist. The use
of airphotos and simple field checks reduces the cost considerably.

This paper presents information on how to classify engineering materials in an area
using aerial photographs, agricultural soil maps, topographic maps, geological maps,
and combinations of these. Its scope is limited to a demonstration of procedure and a
comparison of methods based on surveys of four areas in southwestern Indiana. Several
types of materials are mapped and the materials and the methods used to identify them
are discussed in detail. For purposes of comparison the discussion about each method of
survey has been divided into: (1) principles, (2) techniques, (3) keys, (4) limitation, and
(5) examples. The techniques used are based on evaluation of natural and physical en-
vironmental features as recorded in the airphotos.

A suggested procedure for conducting a material survey using airphotos is proposed.
For the purpose of this paper the analysis of materials in an area 1s based on the use of
the "pattern elements" as the primary interpretation key. Each situation is analyzed
from the standpoint of what the various natural elements suggest about the probable charac-
teristics such as drainage, soil profile development, relative textural range, and workability.

The limitations of the airphoto method fall into three general categories: natural, photo-
graphic, and human. The natural limitations are caused by variations in climate, erosional
features, and vegetation. Photographic limitations include the type of photography, the
scale of photographs, and the completeness of stereo coverage of the area under study.
The human himitation is obvious and affects every phase of the process of interpreting
airphotos.

The interpretation and application of agricultural soil maps, topographic maps, and
geological maps for materials survey are discussed in a similar manner. The four areas
used to 1llustrate each method in this paper provide a practical means of comparing the
relative virtues of each method. The combined use of maps and airphotos is shown to be
exceedingly practical.

@ ONE of the most important phases of
highway and airfield engineering is the
survey for the location of suitable engi-
neering materials for use in improving
the subgrade. As faras road location and
airfield-site selection are concerned, the
best sites are those. containing well-
drained, granular soils which offer good
support even in their natural state. How-
ever, there are many factors which influ-
ence site selection or route location and
1t is not always possible to pick the bes:
site from the standpoint of engineering
soils. Some of these factors might include
high cost of right-of-way, inabaility to ob-
tain land, location difficulties, and 1nade-
quate data about the soils of the region.

In such instances, material location be-
comes extremely important. Available
sources of suitable material must be found
1n order that good performance can be
assured throughout the life of the project.

There are many methods of conducting
material surveys for use in highway or
dirfield engineering, some of which in-
clude: study and analysis of geologic and
pedologic literature; study of well-log
data; personal contacts with land owners,
contractors, and materials interests;
field reconnaissance of an area either on
foot, on horse, by car, or from the air;
detailed soil boring operations; the use of
geophysical methods; andthe use of aerial
photographs. Soine of these methods are
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rather detailed and will result in accurate
findings. Many of them merely serve as
guides for the materials prospector, show-
ing him where to lookor whereto sample.

In connection with using well-log data
for materials prospecting, such data are
often impossible to locate since many well
drillers do not file their data with state
agencies. In some areas it may not be
possible togainaccess toan area for sur-
vey because of difficult topography, dense
timber cover, lackof convenient transpor-
tation facilities, or lack of permission on
the part of the land owner. From the
military standpoint, an area may be in-
accessible because of enemy activity.
Conversations with land owners about ma-
terials are apt to be misleading because
of ihe wide differences of opinion on what
constitutes good sand and gravel. Many
potential deposits may have been over-
looked simply because of lackof informa-
tion about their expected occurrence in an
area.

Surveys of a reconnaissance nature
made on foot or by horse, car, or air-
craft are costly and time consuming but
can be made quite reliable if the prospec-
tor grasps the areal perspective of de-
posits or topographic situations, viewing
such as entire units. On the ground it is
difficult to recognize the features asso-
ciated with certain types of materials
simply because of the inability to see

great distances or because of natural or
man-made obstructions. Occasionally
a rapid reconnaissance survey for ma-
terials may be made from the air using
a small, slowplane flying at low altitudes.
This permits the observerto covera con-
siderable area in a short time. It may be
difficult to identify all featuresassociated
with granular deposition or certain rock
types by an aerial reconnaissance. Many
outstanding deposits may be located in
this manner if the vegetative cover, the
human perspective, the influence of crop
cover, and field patternsareused toassist
gathering details. Some of these methods
are much more useful and more quickly
accomplished if done in conjunction with
airphotos, agricultural soil survey maps,
geology maps, or topographic maps, when
such information is available.

Need for Information to Assist Material
Surveys

The materials prospector has available
four reliable methods of locating materials
for usein engineering construction. They
are not easy to use, but once the princi-
ples of their application have been learned
and tested, it will be found that consider-
able time and expense canbe savedthrough
their use. These methods, or tools, re-
quire the materials prospector to learn a
new language—to reorient his concepts of

Figure 2. Topography typical of the top of Mumford Hills.
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materials occurrence and location. The
methods referred to are: (1) the use of
aerial photographs; (2) the use of agri-
cultural soil survey maps; (3) the use of
geological maps; and (4) the use of topo-
graphic maps.

These tools cannot be used without
previous study directedtoward developing
an understanding of the principles and
techmques. Basically there are two ap-
proaches to the use of any or all of these
four methods: (1) the use ofprepared
keysand (2) the application of the principles
of the method itself. Research personnel
canprepare keys for use by others. These
keys must be translations of the data into
engineering terminology. Proficiency of
the key method depends on the complete-
nessandclarity of the key, as well as upon
the user being able to grasp its signifi-
cance. Considerable background study
coupled with detailed field sampling is
needed in the approach based on develop-
ment by application of the principles of
the method used. Ultimately, a key 18 not
necessary asproficiency is gained. How-
ever, time and cost does not permit the
use of the latter on a widespread basis for
materials survey. Hence, the basic need
is for thepreparation of guide keysto per-
mit efficient utilization of these four
methods.

In areas where geologic, physiogra-
phic, soil-survey, and in some instances,
topographic maps are available, pros-
pecting for materials is relatively simple
if the engineer or soils surveyor cantrans-
late the terminology and mapping units
into engineering test data from similar
situations obtained elsewhere. In some
mstances, the mapping units represent-
ing potential material are all inclusive
and refer to a soil type belongingto a par-
ticular agricultural catena or to water-
deposited materials of a certain geologic
age. A true surface-material picture 18
not comprehended because of unfamiliarity
with literature and maps of this type.
Confusion exists inthe minds of those un-
able to translate the literature used by the
soil scientist, agronomist, geologist, or
others talented in the fields of natural earth
sciences. It is difficult to ascribe the
proper engineering sigmificance.

Those who conduct detailed study of
agricultural, geological, and topographic

maps and accompanying literature and
who cah translate the data to engineering
materials and their related problems will
be able to accomplish a good job of ma-
terials prospecting. This can only be
accomplished if literature about an area
is available and if the engineer or sur-
veyor has had experience with the maps
in the field. There is considerable lit-
erature concerning the use of various types
of nonengineering maps for soil and ma-
terial surveys. Most of the literature,
however, is in the nature of progress re-
ports or reports of an investigational na-
ture and are not the manual type or the
how-to-do-1t type. Because of the confu-
sion due to the many names of soils and
rocks keys have not been representative
and the user must conduct his own re-
search to correlate the soils, as named,
or rocks, as named, with engineering
soils. In addition, réports discussing the
principles of the various mapping methods
have not beenprepared which would assist
the materials prospector in comprehending
the system before he attempts to ascribe
an engineering significance to the data.

Literature Study for Material Surveys

No matter which tool is used to pre-
pare material-survey datathere is a cer-
tain amount of study required on the
literature of the area to be surveyed.
The literature which will be significant in
assisting the survey 1s that written con-
cerning pedology, physiography, geomor-
phology, geography, agriculture, and
climate. The purpose of reviewing such
literature is to gain a perspective con-
cerning the area. This perspective in-
cludes knowledge of the landforms expected
with general information as to the surface
and subsurface conditions related to each
landform. In general, this perspective
formulates in the mind of the surveyor a
picture of what to expect in an area.

It is anticipated that the perspective
will enable the surveyor to obtain more
significant data from each of the tools he
may wish to use (airphotos, agricultural
soils maps, geological surveys, and topo-
graphic surveys). On the basis of the
arrangement of landform units and topo-
graphic position within each landform unit,
the materialsare determined from details



available in connection with the specific
tool used. Map symbols are prepared to
represent landforms, and inturn, landform
units are subdivided with appropriate map
symbols, based on topographic position.
The symbols concerning topographic po-
sition are based upon the general class of
materials, such as silt, sand, or gravel,

5
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to be found in a particular topographic
position.

Purpose of This Report

The purpose of this report is to set
forth a few principles of the methods of
analyses, mapping, and presentation of

e Wt

Figure 3. Detail of loess exposure on Mumford Hills.
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soil and materials datafrom aerial photo-
graphs, agricultural maps (soil survey),
geologic maps, and topographic maps and
to illustrate by example how to use aerial
photographs, agricultural soils maps,

geological maps, topographic maps, and
combinations of these for conducting engi-
neering-material surveys.

(see Fig. 1). Eacharea was surveyed with
each of the four methods, and material
maps were prepared. In order to illus-
trate the methods involved, the discussion
of each tool is applied to a different area
of the four selected. The last part of the
report shows how all methods can be com-
bined to obtain material information. The

Figure 4. Airphoto mosaic of Gibson County.

Scope of This Report

This report presents qualitative infor-
mation on the use of aerial photographs,
agricultural soil maps, topographic maps,
geological maps, and combinations of
these media for making engineering-ma-
terial surveys. The scope is limited to a
short discussion of principles, techniques,
keys, limitations, and examples for each
of four major tools. Four areas in southern
Indiana were selectedfor use in this study

discussion on principles in the section of
airphotos is limited to airphoto-interpre-
tation principles in general. The dis-
cussion of principles for the other three
methods has been limited tothe manner in
which technical data are presented in the
various surveys and the engineering sig-
nificance of each tool is given as it is ap-
plied to aparticular area. The discussion
on techniques in each sectionis concerned
with how to do it, or standard procedures
to be followed in using the method. The



section on keys presents a discussion on
various keys in existence or those being
developed currently. The limitations of
applications of eachmethod are discussed
also. The scope1s further limited to dis-
cussion of granular materials.

Visual Aids Used in This Report

This report 1s 1llustrated with aerial
photographs, ground photographs, charts,
tables, diagrams, and photographic copies
of maps for the convenience of presenta-
tion of the data and methods of conducting
material surveys. The high cost of color
printing precludes the use of colored sym-
bols on the geology and agricultural soil
maps. Origmnal map colors are named
and the symbols are drafted reproductions.

MASTER KEY DEVELOPMENT FOR
EXAMPLE AREAS

The first major section of the report
1s given to the development of a master
key which would be used in a material sur-
vey in any location whether being con-
ducted by these methods or not. The key
1sthen made to fit the location of the exam-
ple by adding local details in discussions
of each area.

Key

Regardless of the method of survey
used, the materials prospector must group
deposits in some fashion. The landform
(topographic position arrangement) has
proven a useful means of grouping ma-
terials. There are three major topo-
graphic situations in which granular ma-
terials may occur in this particular area.
The three divisions are referenced to the
base level of erosion. These are low-
lands, terraces, ‘and uplands. Each of
these may vary from a few hundred yards
to several miles 1n extent. Within any
one of the three groups there are many
minor or local topographic situations.
Lowlands can be divided into low lowlands
and high lowlands, which divisions might
correspond to first and second bottoms of
a flood plain. Within these two major
positions can occur depressions, rises,

T

and intermediate level areas. Inthe same
manner, terraces can be divided into low
terraces and high terraces with each fur-
ther subdivided 1nto depressions, rises,
and intermediate areas. Uplands, for the
sake of simplicity, are divided into de-
pressions, rises, steep slopes, and nter-
mediate areas.

A diagrammatic sketch showing this
arrangement has been prepared (see Fig.
23). The letter L 1indicates lowlands, T
indicates terraces, and U 1indicates up-
lands. The relative position for sub-
divisions appear as H (high) and L (low)
before the letter of major landform po-
sition. Local topographic situations are
indicated numerically following the letter
of major position as O (depression), 1
(intermediate), 2 (rise), and 3 (steep
slope). Thus, the symbol HLO 1is a de-
pression on an elevated lowland.

The concept of this arrangement 1s
important: it has considerable engineering
significance. The formation of soil pro-
files 1s i1nfluenced strongly by topographic
position. The occurrence of certamn types
of granular-material deposits can be under-
stood more easily by comprehension of the
landform -topographic -position arrange-
ment. Suchitemsasoccurrence of ground
water and surface water depend to a large
extent on the topographic position with re-
spect to the base level of erosion. Us-
ually the thickest overburden of undesir-
able materials occurs in depressed topo-
graphic situations 1n either lowland,
terrace, or upland deposits.

Figure 23 becomes a master key because
it contains descriptive data which can be
used tocorrelate the various mapping units
with the above landform-topographic ar-
rangement. Provision has been made for
short description of supplementary data
on the diagram pertaining to airphotos,
agricultural soil series, geological name,
physiographic type, topography, and engi-
neering materials. The key now becomes
applicable only tothe locale of the examples
because the mapping units would be dif -
ferent in other areas.

In the discussion under each method
this key will be referred to since all map-
ping has been reduced to the key units and
subdivisions. It 1s to be used in connec-
tion with the particular key developed for
a particular method.



Figure 5. Airphoto of the Mumford Hills area.




AIRPHOTO METHOD OF
MATERIAL SURVEY

An aenial photograph is a pictorial
representation of both the natural and
man-made features of the earth's sur-
face. It pictures ‘the sum and total of
natural and physical environment. It
pictures a pattern which is created by the
forces of nature and modified by the
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ence, to thetrained observer whogives the
airphotos careful study there is another
pattern dastinct from the superficial vege-
tative pattern: the natural pattern.
Through detailed study and proper evalua-
tion of thisnatural-pattern mapping of soil
and bedrock is accomplished.

Much has been written on this subject
and only a brief review will be presented
for thepurpose of this paper. The reader
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Figure 6. Enganeering-materials map of Area F, Munford Hills,
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forces of man. In cultivated regions one
gains the impression that the pattern
consists of a checkerboard field pattern
and other man-made features. In a
heavily forested area one gains the im-
pression that the region is carpeted with
vegetation, perhaps dense enough to
obliterate surface detail. In an arid or
desert region one is likely to gain the
impression of a complete absence of any
recognizable feature other than "oceans
of sand.”" However, regardless of cli-
mate, vegetation, location, or man’'s influ-

is referred to reference material in the
bibliography.

Principles of Soil Evaluation from Air-
photos

The analysis of an aerial photograph
is based on determiningthe originof a de-
posit and tracing the erosional history
which was responsible for its present-day
landscape. The pattern of a deposit, or
of an area, is an accumulation of surface
features which reflect the subsurface.
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Soil deposits, soil-parent materials, or
soil-rock groups are areal in extent and
are closely associated with the major
geologic and physiographic divisions or
regions; hence, the earth materials create
a variety of patterns all of which are
recognizable in aerial photographs be-
cause of certain contrasts between them.

A soil pattern is composed of certain
physical features which can be grouped
into elements of a pattern, all of which
are recognizable on airphotos. Without
a specdic key it is necessary that the
interpreter group the physical features
into some classification system which
lends itself readily to use and to easy
analysis. The natural elements of the
pattern are landform, areal-drainage
pattern, gully systems, soil color tones,
vegetation, special elements and man-
made features.

Landform reflects geology andphysiog-
graphy, since it 1s closely associated with
origin and subsequent erosional history.
Landform refers to the landscape, the
arrangement of the physical features.

The areal-drainage pattern also re-
flects geology and physiography. In ad-
dition, it reflects the general porosity of
a soil-parent-material area. Six major
types of patterns include dendritic,
trellis, annular, radial, parallel, and
rectangular.

Gully systems and gully characteristics
reflect soil textural properties, and
profile development. Changes 1n gully
characteristics reflect changes 1n soil
properties. In general, granular soils
exhibit short, stubby, V-shaped gullies;
plastic, nongranular soils exhibit broad,
softly rounded gullies with a long shallow
gradient; loessial silts and sand clays
reflect box-section U-shaped gullies which
erode at the headward end.

Color tones (photo-gray-scale values)
reflect the product of soil moisture, top-
ographic position, vegetative cover, and
actual soil color. When evaluated 1n
light of climate and processing (film
sensitivity, exposure,development, and
printing) then color contrasts become
quite significant in soil study from air-
photos.

The element vegetation reflects the
environmental conditions for plant growth.
At times, vegetation can be used to in-
dicate certain features about soils (type,

11

texture, and moisture) but only if vege-
tation is evaluated in light of regional
and local environment.

Special elements are those which are
characteristic of a particular soil, rock,
or soil-rock mixture. Among thé more
outstanding ones are 'silt pinnacles' and
"cat steps'" which are common to wind-
blown silts, sinkholes and solution valleys
of limestone regions, columnar structure
of basalt, polygons in the Arctic and
sub-arctic, and "blow outs' on sand dunes.

Techmques of Soil Evaluation from Air-
photos

The analysis of soil conditions from
airphotos is made possible through ap-
plication of the processes of logic and
deductive reason to the detailed study and
evaluation of the natural and man-made
surface features. Interpretation is broad
in scope; it includes recognition of nat-
ural and physical features which create a
pattern; it includes gathering data and
analysis of the data; and finally it in-
cludes interpreting the data in light of
the end point — ascribing an engineering
significance to the area. Interpretation
includes analysis in light of its regional
and local environment. The interpreter
must be ableto trace thenatural sequence
of events 1n an area from the time of
original deposition to the present as
presented on the photos by the arrange-
ment of thephysical features. Usually all
of the information is contained in the
photos of an area, and it remains for the
trained interpreter to apply theprinciples
and techniques to obtain the information
which he is seeking.

When all information must be obtained
from photos it i1s important that the in-
terpreter has considerable areal cover-
age. Analysis made from a few photos 1s
exceedingly risky and cannot be done with
any assurance of accuracy. This is
particularly true when an interpretation
must be made of an unknown or an in-
accessible area. In such instances cov-
erage should be sufficient to enable the
interpreter to establish the major fea-
tures such asbasic climate, physiography,
and geology on a regional basis, since
these can only be obtained from study of
a large area. The amount of photographic
coverage, of course, depends on the
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Agricul tural-soils map of Sumer Ditch area.

Figure 8.



relative size of the land units being
studied as well as the physical setting.
Once the basic features of the region
have been established, the interpreter is
able to 1identify and evaluate the local
details. This 1s accomplished by detailed
study of stereo-photographs.

In most cases advance information
concerning the regional environment
of an area 1s either known or, at least,
available. There are very few areas
in which such items as climate, physi-
ography, and geology can not be located
in the literature. With this material
available the photo-interpreter's job is
simplified. Smaller areal coverage will
thus be needed and the interpreter can
confine his efforts to observing, analyz-
ing, and evaluating the local details from
the airphotos.

In conducting a photographic analysis
of an area the analyst should standardize
the procedures he follows. His skill and
proficiency is governed by constant use
of airphotos not only in the office and in
the field but also by constant correlation

e g |
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of predictions with literature, with actual
field sample data, and with eng'meenng
performance data. The following sug-
gested procedure isbased on the assump-
tion that the interpreter has an index
sheet and complete vertical stereo-
coverage of an area and that he is trained
in the application of them.

Using thephoto-index sheet as a guide,
alternate prints are assembled into a
mosaic form and stapled on to Celotex
boards. The observer should study the
entire area either as a unit or as a series
of units if a defimite grouping of features
occurs. There will be certain items or
markings or groupings which, by virtue
of shape, magnitude, color, or config-
uration or markings, will form a group —
a pattern which will stand out.

All borders and major features are
studied in detail using a stereoscope and
guided by a photographic guide sheet (see
Fig. 24). Tentative predictions of soil
type, depths, and profile development
shouldbe made from study of each element
separately. If the predictions made do
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not agree, then the interpreter should re-
trace his steps to locate any errors in
judgment. During the preliminary study
the observer should mark or locate areas
for field checking. By making pre-

Geology map of Stunkle Ditch area.

dictions in advance of any field checking
the analyst will develop a high degree of
reliability. It is to be remembered that
the airphoto method can be used to i1den-
tify and bound parent materials with a



16

high degree of accuracy. However,
estimates of profile depth, grain size,
moisture contents and density are in-
ferred from the photo analysis and should
be field checked for positive assurance.
After the interpreter has made his pre-
liminary predictions based on airphotos,
he should conduct a literature survey
which should include the fields of pedology,
geology, physiography, and agronomy
available for the area in question.

Following the airphoto study and the
literature study, the interpreter con-
ducts a field study which should consist of
a thorough ground check of previously
made predictions in areas determined
during photo analysis. Field checking
should be accomplished with photos in
hand and by on-the-spot stereo inspec-
tion. The engineering significance of
soils and soil patterns may be gained if
the interpreter observes and correlates
the performance of highway pavements
with soil types. Particular attention
should be directed toward observing per-
formance characteristics in areas re-
quiring numerous cut and fill sections.
The interpreter should obtain ground
and aerial oblique photos which will
characterize certain pattern features
and which may illustrate pavement per-
formance correlated with soil patterns.
These photos will be of great help in
evaluation of similar soil situations which
may be extended to other areas. Of
particular importance is keeping a catalog
of photos illustrating the many mate-
rials sources. As a final analysis the
interpreter should reanalyze all data and
revise earlier predictions to suit actual
field conditions. In this way the inter-
preter can concentrate on points where
errors of judgment have been made and
thus produce a more reliable materials
survey.

Keys for Soil Evaluation from Airphotos

There are many types of keys which
the interpreter may use in proceeding to
identify, analyze, and interpret soils
and materials of an area. The purpose
of any key or series of keys is to point
out or call attention to objects or features
of a pattern which will serve as guide in
a soils determination. Keys are used to

identify, not interpret. The keys become
the photograph's legends.

Basically, there are twotypes of keys:
positivekeys and inferencekeys. Positive
keys permit direct identification of objects
by pointing out or comparing easily rec-
ognized objects, chiefly those with which
the analyst is already familiar and which
lend themselves well to picturing, illus-
tration, and description. Keys based on
inference are those requiring the use of
logic, deductive reason, and detailed
analysis of regional and local environ-
ment. Such keys describe situations,
either natural or man made, occurring
in one area assumed to be typical and
suggest, often by association, that an-
alogous situations exist where natural and
physical environmental conditions are
gimilar. The development and the use
of such inference keys are based on in-
terpretive procedures.

Both positive and inference keys point
to identification of objects or situations.
Analysis follows identification and the
success of the analysislies entirely with-
in the province of the analyst. The an-
alysis is dependent upon background or
major field of interest of the analyst. The
data gained by recognition, inference, or
deductive reason, are arranged in such a
manner as to convey the picture of what
is contained in the area. Interpretation
of the data is the final step and must
follow both identification and analysis.
Interpretation must be based on the end
point, desired result or field in which the
information is to be used. Quite neces-
sarily it follows that interpretation of
results will be done in some major field
of use. Hence, the airphoto becomes a
tool by which, in this instance, the engi-
neer gathers information concerning the
soils — whether he uses a direct key,
an inference key, or follows interpretive
procedures without the use of a key. He
will analyze the soils data in light of his
background and interest. His interpreta-
tion of what to do with those soils will be
based on the job requirements and on his
judgment.

Some keys are built around a series
of diagrams, sketches, ground photo-
graphsor airphotos of easily recognizable
physical features representing the com-
ponent parts of a pattern. They are



BAZE MAP PREPARED FROM U S G 3 TOPICPAPHY MAP
MATERIALS MaP PREPAPED FR'OM
H e

NG \'x R

N
WL

Figure 12. Engineering-materials map of Area D, Stumkle Dhtch, Gabson County,

Ind

usually ideal representations and must
be outstanding in both their simplicity
and their representation. In some situa-
tions a series of charts may suffice. The
analyst, from a detailed stereographic
study of photos of his area, proceeds to
study the physical features and to look for
objects which may be similar to those
represented in the keys.

Another type of key may be built in the
form of a catalog or encyclopedia. Many
possibilities exist in this type. Many
choices for first division exist; they
should, however, be based on the final
use. As an example they may be cat-
alogued 1nto natural features and man-
made features at the level of the first
major division. First subdivisions for
man-made features may be industry,
agriculture, or some other major field
of endeavor. This may be further sub-
divided into types of industry such as

Fur-
ther subdivisions can occur based on the

manufacturing, processing, etc.

detail required in the collection. In a
similar manner the natural objects can

_be subdivided into major earth-science

fields such as physiographic forms, ge-
ologic forms, ecologic forms, geo-
graphic forms, etc. Subdivisions can
occur such as construction and destruc-
tional forms under physiographic forms.
Again, they may be further subdivided
into agents of construction or destruc-
tion such as wind, water, ice, etc. It
can be seen that the ramifications are
many and such a key or catalogue can
reach tremendous proportions if many
off-shoots are pursued.

One type of key which may be devised
and applied to photographic analysis is
the question-and-answer type in which
various questions are asked each having
several possible answers but only one
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correct answer. Each answer, in turn,
suggests certain questions, each of which
has several possible answers but only
one correct answer. This process con-
tinues until the analyst has arrived at the
final and most-probably correct answer.
In thistype of key the various possibilities

VNSV

\

%

<
\)\. ' Iz
37 RN ,-. Y
5! NN -
e S 2 M;_.f’-‘-ﬁ‘, oo\
KIS0 s A a®

are referenced and are discussed else-
where 1n the general collection of keys.
The analyst continues from question and
answer along a chain of connected events
until he either hasthe answer or 1s forced
to pursue another path. The first series
of questions may refer to such major
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items as climate, geology, physiography.
Under climate thgre may be six possi-
bilities as indicated in the vegetation-
erosion features. Under geology there
may be several leading questions intended
to point out methods of origin, subsequent
erosion, and deposition. The choice of
answers and subsequent references will
depend on the observation powers of the
analyst — hisimpression of thefeatures of
the photo pattern. He must make the
answers fit the case in question. Like-
wise, physiography may be called to the
observer's attention setting forth the
possibilities in question form. A second
series or group of questions and possible
answers are aimed at pointing out local
details of the physiographic pattern.
Questions and answers concerning such
features as landform, erosion, drainage,
color, vegetation, and others will carry
the analyst to the final goal: soil identi-
fication. The above question-and-answer
key must, through necessity, be all in-
clusive: all possibilities and all steps
must be shown. A key of this type may
also approach encyclopedia proportions.
Another key is that built up around
the use of pattern elements as major key
divisions of the landscape. At present,
this 1s one of the more popular approaches
to gathering data about the natural and
man-made features which form a pattern.
These were discussed previously (see
Fig. 24). Analysisof theareasinSouthern
Indiana 1n connection with this report was
performed following the guide sheet in
Figure 24. The data in the first part
under regional environment were known.
Only the second portion, local environ-
ment, applies in the example areas.

Limitations of the Airphoto Method

It is of extreme importance that the
interpreter be fully cognizant of the limi-
tations imposed on the airphoto method of
survey in order that he will learn to recog-
nize conditions beyond which he cannot
successfully evaluate. These limitations
fall intothree general categories, natural,
photographic, and human.

The natural limitations are those which
existed or which were reflected in the
surface patterns at the time of photog-
raphy. Usually they can be identified and
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interpreted entirely from the photographs
by observing irregularities or deviations
in the natural pattern. Natural limitations
arise largely from the influence of en-
vironmental conditions, chiefly climate.

The climatic influence 1s suggested
from the photographs by distribution and
type of vegetation and by the presence or
absence of vegetation. The vegetation
limitation is of extreme importance in
northern latitudes, where such items as
elevation, exposure to sunlight, and pro-
tection from severe climatic conditions
often govern the presence or absence of
vegetation. Changes or contrastsin vege-
tation may reflect significant changes in
soils if environment has been evaluated
properly.

Another important natural influence
which often imposes a serious limitation
is the erosion pattern of an area. In gen-
eral, gully cross section and gradient are
indicators of soil texture; however, the
interpreter must evaluate the climatic
condition under which the gullies were
formed. He must decide whether erosion
has been of a geologic nature and has
taken a long time to develop or whether
erosion has been of a recent nature and
has formed in a relatively short period
of time. As an example, clay shales or
clay soils normally occupy softly rounded
slopes in the erosional features in humid
regions; however, the flash-flood charac-
teristics of arid and semiarid regions will
carve clay shales or clay soils into fan-
tastic shapes with wunnatural vertical
slopes. By knowing the general climatic
conditions of an area the interpreter can
establish the degree of reliability which
can be assumed when studying gully char-
acteristics.

The photographic limitations are largely
a matter of recognizing the limitations
associated with the various types of photog-
raphy and scales. In general, there are
three major types of photography which
consist of trimetrogon, vertical coverage,
and continuous strip. Trimetrogon photog-
raphy 1s used chiefly in reconnaissance
mapping of large areas and for this work
it is usually obtained from high altitudes
with the resulting scale quite small. As
far as engineering soil survey is con-
cerned, trimetrogon photography should
be limited to reconnaissance use where
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Figure 14. Topography map of Seven Mile Creek area, Kansas; from a tactical
map of Fort Riley and vicinity, Corps of Engineers, 1946.




the interpreter can use it to establish the
major soil-parent-material boundaries.
Vertical coverage of mapping-type pho-
tography 18 the most common and is the
most practical type for engineering sur-
veys dealing with earth materials. De-
tailed preliminary soil surveys and engi-
neering soi1l maps should be made from
vertical-mapping-type photos. Contin-
uous-strip photography for engineering
use 1s best suited for making performance
surveys of such structures as runways,
railroads, or highways. This is im-
portant, because it is possible to correlate
engineering performance with soil type,
traffic, or any other variable which will
show 1its influence. When such photos are
taken periodically they provide a perma-
nent record of progressive failure or of
the condition of a particular installation.

As far as general engineering-soil
survey is concerned a scale ranging be-
tween 1:15,000 and 1:22,000 is satisfac-
tory. General soil-parent materials can
be bounded with ease. Scaleson the order
of 1:5,000 provide an excellent scale for
obtaining minute surface detail, but the
photos do not include sufficient area per
print toprovide a practical means of map-
ping large areas. It is difficult to inter-
pret such items as relief with the use of
common instruments from large-scale
stereophotos. When photos are taken with
scales ranging from 1:30,000 to 1:40,000
the resulting images are too small to
evaluate properly the engineering-soil
conditions.

For engineering-soil survey, photos
should be obtained i1n stereopairs or the
area should be covered with sufficient
overlap on 1ndividual photos that stereo-
vision 1is possible in all parts. This
usually results in two complete sets of
airphotos of an area (composed of the
alternate prints of the flight lines). It
15 1mportant to stress that even though
every other print in a flight line will pro-
vide complete physical coverage for a
mosaic, it will not be possible to study
the area stereoscopically; hence, 1t 1s
important to obtain the total number of
prints 1n any given flight strip. As far as
so1l survey and related studies are con-
cerned, photographs should be obtained of
aslargeanarea as possible and they should
be obtained 1n stereopairs. Photography
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of this type is readily available for most
areas of the country andcan be purchased
from various government agencies at a
relatively low cost per print.

The third major limitation lies within
the province of the interpreter andis based
on such items as his background or major
interest, keen vision, and a good imagina-
tion. The interpreter must have a keen
appreciation of the relationship between
natural soil or soil-rock conditions and
engineering problems. It isnot necessary
that the interpreter be especially trained
to the extent that he becomes a specialist
in the natural sciences dealing with the
surface features of the earth. The inter-
preter should be aware of the sources of
literature in any of the related fields,
since this is of paramount importance in
obtaining background material about any
particular area.

Example of Airphoto Method of Material
Surveys—Mumford Hills

In conducting the material survey of the
Mumford Hills area from airphotos, sev-
eral major steps were followed, which
include: (1) assembly of airphoto mosaic;
(2) study of the county index or mosaic;
(3) study of the Mumford Hills portion of
the mosaic; (4) detail stereostudy of the
Mumford Hills area; and (5) grouping
landform types and designating textures.
The steps are discussed as follows:

Assembly of Mosaic. The aerial pho-
tography for Gibson County was flown in
1940. It bears the county symbol QS. Al-
ternate prints were assembled into a
mosaic form for a prelimnary area
study. Figure 4 1s a copy of the Depart-
ment of Agriculture Index Sheet cover-
g the photography of Gibson County.
This index sheet served as a guide for
mosaic assembly.

Study of County Mosaic. From the
preliminary study of the mosaic, Gibson
County can be divided into two major
features: a broad, gently rolling, dis-
sected upland which contains several
inland basins and a lowland which con-
tains the channel and floodplains of a
major river.

The basins in the upland provide the
outstanding feature of the upland pattern
in as much as they are dark in color
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(sharp contrast to the surroundings),
they are quite broad, and they do not
appear to contain a definite stream chan-
nel. The impression given is that each
represents filling by sedimentation in the
quiet waters of an inland lake. Inland
from the major river valley the pattern
1s one of considerable dissection by long,
broad, dark-centered gullies which extend
back considerably into the upland. In the
far eastern part of the county these gul-
lies have light-colored fringes, which
suggest that the parent materials might be
Illinoian Drift. In the central portion of
the county, fringes are absent anda sharp
contrast exists between the dark center of
the gully and the light tones of the adjacent
uplands. This suggests that there may
have been a modification of the surface by
material of aeohan origin. Adjacent to
the major flood plain there are consider-
ableareas of light tones where gullying 1s
not well-developed, suggesting that the
soils might be well-drained 1internally.
These may be sand dunes. In other areas
of the upland adjacent to the major stream
valley, the impression of moderately
great relief 1s created by intense dis-
section. This consists of tree-filled
gulhes which do not extend great dis-
tances 1nto the upland but instead are
confined to small areas. Some of these
gullies, which are outhined by timber
cover, resemble those of windblown silts
found elsewhere. Hence, it 1s believed
that loessial silts may be deep 1n places
along the valley wall. Itis believed
that the area 1s underlain by bedrocks,
flat-lying or slightly tilted, because of
the numerous sharp bends in many of
the upland gullies and major upland ba-
smms. The mosaic can not be used, in
this i1nstance, to 1dentify the rock type
other than to suggest that it 1s possibly
sedimentary and not limestone.

The major lowland, which contains the
river valley, forms the western border
of the county. The river appears to be 1n
a mature stage of its development as in-
dicated by the numerous meanders of the
present stream and by the presence of
abandoned meanders in the lowland, many
of which are no longer connected in any
way with the stream. Almost all parts
of the lowland contain markings indicat-
ing current activity, all of which suggest
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that the soils of the lowland are chiefly
alluvialin origin. Thereis some evidence
that the stream is controlled to some ex-
tent by underlying bedrock because of the
variation in the shape of some of the
stream meanders. In the extreme south-
west, part of the meanders form broad,
free-swinging loops, while in the west-
central part the stream follows a straight
course for several miles to the point
where it is joined by another major river.
The straight portions of the stream occur
downstream from a series of prominent
islands, or monadnocks, which occur in
the lowland and which may be responsible
1n some part for deflecting the stream.
Theseislands are easily seen on the county
index sheet or the mosaic by the sharp
contrast in pattern of the islands with the
surrounding lowlands. The 1slands con-
tain dense timber on the steep slopes,
which is inferred from the 1interrupted
crescentic arrangement of the timber
pattern. The timber pattern encloses
a field pattern vastly different from that
of the adjacent lowlands. In addition,
well-developed gully systems are found
on the larger of the islands. The Mum-
ford Hills area 1s one of these islands,
and it is believed that since 1t has re-
mained in the flood plain of this mature
river, it is rock and 1s a remnant of the
strata which may underlie the remainder
of the county.

From study of the index sheet 1t 1s
behieved that the texture of the materials
in the flood plain varies considerably,
as reflected by sharp contrasts in color
tones from nearly black to almost white.
The darkest tones appear to occupy
abandoned stream meanders and in one
major depression. This major depres-
sion, which occurs at the junction be-
tween the upland and the lowland, 1s
perhaps a backwater area which may
have been 1solated by alluvial levee build-
ing in the central portion of the valley.
Scattered throughout the lowlands are
some 1solated areas which are very hight
in color. Since they show some indica-
tion of having been swept by fast-mov-
ing water, 1t is believed that they are
granular in nature. From this it would
appear that the lowlands consist of a flood
plain with at least two major stages or
bottoms.
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Figure 16. Topography map of Gibson County; from part of U.S.G.S. Topo Sheet (/3).



Study of the mosaic can be summarized
in the following manner: Gibson County
contains two major physiographic situa-
tions, a dissected upland and a lowland
occupied by a major river and its as-
sociated flood plains. The upland may
consist of flat-lying sedimentary rocks
covered to varying depths with glacial
drift believed to be Illinoian in age. The
drift appears to be mantled in places
with aeolian deposits, sand, and silt.
The lowland is composed of perhaps two

25

cerning the presence of monadnocks were
verified. @The Mumford Hills area is
quite a pronounced knob lying in the low-
lands surrounded entirely by alluvial de-
posits. There is considerable contrast
in all pattern features between the low-
land flood plain and the island. The most
outstanding of these, in addition to the
high topographic position of the knob, 1s a
difference in drainage patterns between
the two areas. The Mumford Hills area
contains a well-developed drainage pattern
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Figure 17. Topography map of Foots Pond Hills area, from U.S.G.S. Topo Sheet.

stages or bottoms of the flood plains. A
series of rock monadnocks appear as
islands in the lowlands.

Detailed Stereostudy of Location of
Survey. The next operation consists of
conducting a detailed stereoscopic study
of the photographs covering the Mumford
Hills area. Figure 5 is a copy of photos
of this area. In general, the observa-
tions made by study of the mosaic con-

on the south and east portion, no surface
drainage on the far western part, and a
well-developed system of gullies on the
northern part. The surrounding lowlands
do not contain any natural drainage pat-
tern other than that associated with the
series of meander scars. )
From detailed study of the elements
of the pattern of the Mumford Hills area
it is believed that the island is composed
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In some of the abandoned

These are terraces and first
stream meanders there are indications

stages which are at different topographic
and second bottoms of the flood plains.
are derived entirely from water-deposited

The parent materials in the flood plain

locations.
materials.
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light color tones and absence of surface
drainage, suggests thepresence of shallow

sand on silt.

The upland 1s divided into intermediate
level areas marked Ul which contain
some basins marked U0 (the combination

Detailed stereoscopic study of the low-
land reveals a series of level surfaces or

Ul); rolling and mod-

is shown as UO-

Foots Pond Hills, Gibson County,

-
"

Figure 18. Engineering materials map of Area

Indrana.



erately dissected areas marked U2,
which cover the major portion of the
area; and sharply rolling topography of
the dunes marked U3; and steep slopes
of the outward face of the knob marked
U3. The uplands carry the basic parent
material symbols for sandstone, symbol
10; shale, symbol 12; loessial silt,
symbol 41; and windblown sand, symbol
39. These basic parent materials are
obtained from the chart in Figure 31.

The lowland consists primarily of two
major divisions, high bottoms marked
HL and low bottoms marked LL. The
appropriate parent material symbols 30
and 34 are indicated. In the low lowlands
the lowest topographic situations appear
as basins, wusually of the abandoned
stream-meander type, and these have been
designated as LLO. The level areas of
the first bottom are designated LLI1.
The basis for designation of this area, 1n
addition to 1its flat topography, 1s the
complete uniformity of color tones — an
absence of scours or ridges associated
with current activity. Rolling areas of
the lowland are designated LL2, since
they are marked with ridges which pro-
vide some local topographic differences.
The second bottoms (HL) contain only two
divisions — HL1 and HL2. The areas
marked HL1 are level and unmarked with
the usual indicators of current activity.
The areas marked HL2 are marked with
slhight ridges left by fast-moving water
which have added some local rehef. The
only terraces in the area are a series of
dissected benches which adjoin the 1sland
proper. These are low terraces and, for
the most part, fall into the LTI class,
since they are level and unmarked by
current activity. Two minor terraces
with rolling topography (LT2) occur on
the southwestern and western portion of
the 1sland.

The appropriate soil-texturé symbols
are superimposedon the parent materials
symbols. The symbols are obtained from
the Purdue Soil Texture Chart (Fig. 31).

The results of the material survey has
been incorporated into a materials map
(Fig. 6). This, together with the air-
photo of the Mumford Hills area and its
landform overlay, presents the data on
patterns, parent material, landform,
topographic situation, and approximate
texture ranges.
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AGRICULTURAL SOIL MAP METHOD

The soils-mapping program of the
U. S. Department of Agriculture in coop-
eration with agricultural experiment
stations of the state universities provides
the engineer witha very important source
of information about the surface materials.

This soil-survey program provides
basic data for various land-use pro-
grams of the counties. The soil-survey
reports contain information pertaining to
soils, crops, and general agriculture of
areas being surveyed. As stated in one
of the recent reports, St. Joseph County,
Indiana, June 1950 (21), the soil surveys
and maps present data designed to meet
the needs of three groups of users: (1)
farmers and others interested in specific
parts of the area; (2) those interested in
the area as a whole; and (3) students and
teachers of soil science and related ag-
ricultural subjects. For those users in
the first group valuable information 1s
available concerning the soils and their
estimated yields, productivity rating,
and management. For the second group
of users the soil-survey bulletin contains
considerable information of a general
nature which 1s applicable to many fields,
since it discusses such factors as ge-
ography, physiography, relief, drainage,
chimate, water supply, vegetation, pop-
ulation, industry, transportation, mar-
kets, and cultural development and im-
provement. For those interested pri-
marily 1n soil sciences and allied sub-
Jects 1nformation 1s available on mor-
phology and genesis of soils.

Many years ago the engineer realized
the importance of agricultural soils in-
formation for assisting in making soils
and materials surveys. Michigan was
the first highway department to use ag-
ricultural soil information for design
purposes. A field manual containing
engineering 1nformation about Michigan
soils as mapped on the county agricultural
maps was prepared and published in 1946
(17). Since that time many states have
been developing information which should
help translate the agricultural and pedo-
logic terminology into engineering terma-
nology. In general, the approach has
been one of arranging or grouping agri-
culutral soils into some logical classifi-
cation based on one of the following:
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Figure 20. Agricultural-so1ls map of example areas.
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parent material, drainage characteristics,
landforms, or suitability for engineering
use. The Committee on Surveying and
Classifying Soils in Place for Engineering
Purposes, under the direction of Frank
Olmstead, chairman, prepared a bulletin
for the Highway Research Board (8) which
presented information concermng the
status of agricultural soil surveys in each
of the states. The reader is referred to
this bulletin for detailed assistance con-
cerning the use of agricultural soil-survey
maps.

Principles of Materials Surveyfrom Agri-
cultural Maps

An understanding of the county agri-
cultural soil map and text is necessary
before the most efficient use can be a-
chieved by the engineer for material sur-
veys. In general, all bulletins are ac-
companied by a soil-survey map which
15 a graphic representation of the location
and areal extent of surface soils—those
responsible for the support of plant life.
The amount of detail shown on the maps
varies considerably. This variation 1n
detail can perhaps be attributed largely
to age of the report. The most recent
surveys are quite detailed, since mapping
procedures are not performed more ef-
ficiently today than in earlier times. In
addition, more soils are recognized now
than duringthe earlier part of the mapping
program. Inasimilar manner, the amount
of detail presented 1n the text varies both
with the area and with the locale of the
report. Use of the agricultural soil-
survey literature and accompanying maps
1s contingent on an understanding of how
the various soils are named and on an
understanding of how the data are pre-
sented in the various reports.

Agricultural Soi1ls Names. Agricultural
solls are namedafter localities where they
were first recognized. Soils are commonly
thought of as occurring 1n families, or
catenas. A catena is a group of soils
derived from the same parent material
and having common characteristics. It
1s composed of series, type, and phase.
In this arrangement a series 1s a group
having the same genetic horizons which
are similar in their important character-
1stics and profile arrangement and having

the same parent material. The series
carry the catena-soil names such as
Miami. Within a series there may be
several types which are defined on the
basis of texture. To the series name 1s
added a textural term such as silty-clay
Miami. This refers only to the upper
part of the soil profile in agricultural
mapping. Variations within a type are
referred to as phase. The phase usually
refers to unusual or outstanding features
usually about slope, texture, erosion, or
some topographic situation. An example
might be silty-clay Miami, rolling phase.

To illustrate the above, an important
Wisconsin Drift catena 1s Miami-Crosby-
Brookston. These three are derived from
Wisconsin till upland soils. They differ
mn profile characteristics and 1n topo-
graphic position. In general, Miami soils
occur on steep slopes, are light 1n color,
and have shallow profile development
consisting of silty clay 1n the B horizon;
Crosby soils occur on lesser slopes, are
light in color, have a moderate profile
development consisting of silty clay with
some sand in the B horizon; and Brooks-
ton soils occur in the depressions, are
dark in color, have an organic top soil,
and a relatively thick B horizon of aplastic
silty clay and clay.

Presentation of Soils Data. An under-
standing of the manner of presentation of
agricultural-soils datain the various bul-
letins 1s important since methods change

and the user must follow constantly the
changes in order to obtain most efficient
use of this method. A brief discussion of
some of the methods of grouping soils in
county soil-survey reports as presented
by the Department of Agriculture follows.

In the soil-survey report on Bartholo-
mew County, lndiana, of 1947, soils are
grouped according to the major agricul-
tural pursuit. The first major divasion is
n two groups: (1) soils of the grain and
livestock areas and (2) soils of the general
farming areas. These are subdivided into
soils of: (a) corn, wheat, and livestock,
(b) special crops, (c) cash grain crops,
(d) general farming, (e) hill farming, and
(f) forestry. Under each of these latter
subdivisions appear the actual soi1l names
grouped according to whether they are
well-drained, imperfectly dramned, or
poorly dramned. This general approach is




irrespective of parent material, texture,
or topography.

Another type of soils grouping is that
based on drainage as discussed in the
Washington County, Indiana, soil bulletin
of 1939. (23) In this instance, the soils
are divided into"well-drained agricultural
soils, imperfectly drained agricultural
soils, and poorly drained agricultural
soils" as primary groups. The individual
soil names appear directly beneath these
three headings. By such an arrangement
it is possible for each group to contain
soils of uplands, terraces, andfloodplains.
It is also possgible to find one parent ma-
terial cortributing to each of the three
groups.

The Vanderburg County, Indiana, soil-
survey report of 1944 (22) groups s80ils on
a landform-parent-material basis as the
primary grouping. In this report major
soil groups are: (1) deep silty soils de-
veloped over sandstones, siltstone, and
shale; (2) shallow soils over sandstone,
siltstone and shale; (3) deep silty soils of
the upland; (4) soils developed from silts
of the lakes plains; (5) soils developedfrom
slackwater clays; (6) so1ls of the Ohio River
Terraces; and (7) alluvial soils. These
major groups are subdivided into soil
catenas in which the series, types, and
phases are shown. In this report a table
presents’ additional information, such as
parent material, topographic position,
drainage, slope, and profile description.

The soils grouping of the Morgan Coun-
ty, Indiana, survey report of 195¢ (19) is
based on parent materials as the primary
arrangement. The parent-material groups
include soils developed from: (1) cal-
careous late Wisconsin drift; (2) calcareous
early Wisconsin drift; (3) calcareous Illi-
noian drift; (4) sandstone, siltstone, and
shale; (5) limestone; (6) deposits of wind-
blown sand and silt of Wisconsin glacial
age; (7) calcareous glaciofluvial deposits
of Wisconsin age; (8) calcareous limestone
silt and clay of Wisconsin age; (9) non-
calcareous clay, silt and sand of stream
terraces; (10) noncalcareous outwash,
sand, silt, and gravel of Illinoian glacial
age; and (11) calcareous slackwater silt
and clay. As can be seen in Group 9, the
parent material is modified by the expres-
sion "'stream terraces."

An additional primary grouping is also
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shown for alluvial soils which is based on
alkalinity or acidity. The three groups
shown are (1) neutral to slightly alkaline
alluvial soils from the region of Wisconsin
drift, (2) slightly to medium acid alluvial
soils from the Borden formation, Illinoian
glacial drift, and limestone, and (3)
strongly acid soils from the Borden for-
mation and Illinoian glacial drift. Both
major groups are divided further into
catenas. Details of the profile and other
characteristics are discussed in the text
(19).

" Another of the most-recent survey
bulletins, St. Joseph County, Indiana,
published in 1950 (21) recognizes five
major divisions which are based on a
landform grouping as follows: (1) soils of
the uplands, (2) soils of the glaciofluvial
outwash plains and terraces, (3) soils of
the glacial outwash and lake deposits, (4)
mineral soils of the flood plains, and (5)
organic 8oils. Group 5 is a departure
from the landform arrangement. The soil
series within the landform groups are
shown in tabular form in such an arrange-
ment as to show major drainage, parent
material, and position with respect to the
great soil groups of the world (which in
this instance are gray-brown podzolic and
prairie soils, semiplanosols, Wiesenboden
and half-bog soils, and bog soils). This
is a convenient arrangement and easily
used 1n development of an engineering key.

In some of the earlier reports a gen-
eral soils description prefaced the de-
tailed descriptions of the soi1l series.
There was no attempt to grouping such as
in the Porter County, Indiana, report of
1918. In this report (20) it 18 stated that:
"The soils of the county have been 1denti-
fied as members of 23 series differing
from each other in source of material and
character and composition of the soil and
subsoil." Such items as parent material,
geology, and topography, are covered very
generally in connection with individual
series descriptions.

The text of all soil-survey manuals,
particularly those published in the last 20
years, contains a good description on the
various soils as to color, texture, drainage
condition, and profile development. How-
ever, since the agricultural surveys are
concerned primarily with that portion of
the soil supporting plant growth, detailed
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Figure 21.

information is presentedfor the upper 3 to
4 ft., which is usually the portion en-
countered in the A and B horizons. Some
description isgiven, in most instances, of
the parent material. Some reportspresent
mechanical analysis of samples.

Summary. In summary, the principles
of materials evaluation from agricultural
soil-survey maps are based on four major
points which are basic and five minor
points which are generaland of an applied
nature. The four basic points which the
engineer must possess for optimum use
are: (1) aworking knowledge of the various
agricultural systems of grouping soils for
presentation both in text and map form;
(2) an understanding of the pedologic con-
cept of soil formation; (3) the ability to
translate agricultural terminology into
engineering terminology; and (4) anunder-
standing of the engineering significance
of the areal soils which is based on the
catena arrangement.

The minor points which are of an ap-
plied nature include: (1) continuous field-
sampling program for correlation of test
data with agricultural-soil series; (2)
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correlation of pavement-preformance data
with agricultural-soil series; (3) constant
review of literature concerning agricultur-
al soils; (4) constant use of the agricul-
tural-soil maps in the field; and (5) rec-
ognition of the series names which are
known to contain materials.

Techniques of Material Survey {from
Literature and Maps

The techniques to be followed in con-
ducting a materials survey from agricul-
tural literature and maps are based onthe
availability and amount of detail of en-
gineering data about agricultural soils and
on the background of the user. Access to
a comprehensive key, which correlates
agricultural soils names with engineering
test data and other important features, is
very useful. In such cases locating ma-
terialsbecomes a matter of recognizing
the names of the agricultural soils which
are known material sources and outlining
them on an agricultural-soils map of the
area under consideration. These areas
should be field sampled, either by an ex-



amination of the soils in existing roadcuts
or by obtaining profile samples using a
soll auger. Representative samples should
be taken 1n several areas covered by the
same soil symbol. It should be remem-
bered, however, that there may be more
variations in a soil series shown in an
agricultural map due to slope, erosion,
or textural differences than will be prac-
tical to recognmize in connection with the
engineering survey. If the key does not
contain test data covering these variations
or does not point out the engineering sig-
nificance, then 1t will be necessary for
the user to study the variations as de-
scribed inthe soil-survey bulletin before
attempting a field sampling program.

Areas Already Mapped. Inareas where
agricultural-soils maps are available the
procedure is shortened considerably.
Material survey may be accomplished by
grouping the soils types and phases of a
series known to be predominantly gran-
ular. The areal extent is easily deter-
mined following such a grouping. Lo-
cations for field sampling can be ac-
complished in advance of field operations
by studying the soil areas as indicated by
such a grouping on the agricultural-soils
map. In most soil surveys, the maps are
of sufficient accuracy to eliminate most
of the field work. Final delineation of
soil boundaries may be located in many
instances directly on the agricultural-
solls map. Field data, when analyzed
in the laboratory, will provide engineer-
ing characteristics and suitability for use
in connection with highway or airports.
The data from the laboratory can then be
plotted and an engineering-materials map
drawn.

Areas Unmapped. In areas where ag-
ricultural surveys are unavailable, 1in-
formation can be extrapolated from areas
of known conditions where known con-
ditions are similar, providing the user
has cognizance of the pedologic concept
of soils. It is necessary that the user
make a field reconnaissance to establish
parent materials and the topographic
arrangement and to determine the land-
forms represented. In a rapid recon-
naissance an examination of road cuts
and landforms will provide information
necessary to establish parent materials.
This type survey will provide informa-
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tion for the preparation of preliminary
material maps. Borders can be estab-
lished on the landform basis for pre-
liminary work. Following the prelim-
inary map preparation a detailed sampling
program should be initiated to provade
qualitative and quantitative data about the
material boundaries. Revision of borders
can be accomplished by detailed sampling
along the transition between landforms.
Sampling in such an instance should be of
the profile type in which samples for
testing are taken of the various soil
horizons and of the underlying parent
material.

Keys for Use with Material Surveys Using
Agricultural Soils Maps

There are several possible methods of
developing keys for using agricultural-
soil-survey information in connection
with materials survey for engineering
use. Basically, all keys are of a guide
nature and are designed to assist in ob-
taining information. They may be elab-
orate and contain extreme detail, or they
may be simple and merely serve as ref-
erence material.

Perhaps the easiest key and that easiest
used by those not familiar with the pedo-
logic concept is one which lists agricul-
tural-soils names alphabetically. Ac-
companying each soils name is a technical
description of the soil which includes
physical test data of the horizons com-
prising the profile, drainage character-
istics, and structure, as well as informa-
tion concerning the parent matenal,
topography, slope, cover, and any mis-
cellaneous features which may be sig-
nificant. Such a key becomes a legend
or glossary for an agricultural soils map.
The arrangement of the soils alphabetically
is of no major concern, since the soil
names are obtained from the map and the
descriptions are obtainedfrom the legend-
glossary. The system developed by
Michigan (17) is of this type. The series
arelisted alphabetically and accompanying
information is tabulated. The table gives
general information about characteristics,
treatment, and resources. These groups
are subdivided to permit presentation of
information of greater detail. The key or
soils table is accompanied by a series of
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detailed profile descriptions. In this
series the profile of each soil 1s shown
graphically and described in an accom-
panying text. Another important key, but
somewhat more complicated, is that de-
veloped by North Carolina and illustrated
in Bulletin 22 of the Highway Research
Board (8). This key is so designed that it
can be used in areas which are unmapped
by extending information to analogous
areas. This requires a knowledge of the
pedologic concept and some knowledge
of the basic geology of the area. The
key is most effectively used in conjunc-
tion with a geologic map in areas not
mapped by soil survey. The key is a
diagrammatic presentation which corre-
lates physiography, parent materials,
drainage, profile development, and ag-
ricultural-soil-series names.

The key developed at Purdue is a
diagrammatic presentation of the cor-
relation between parent material, topo-
graphic arrangement and the agricultural
soil series names. The key is supple-
mented by a detailed description of soils
profiles listed alphabetically. This key
1s discussedin Purdue University Bulletin
87 (6). A copy of this correlation chart
isincluded as Figure 26. Abrief descrip-
tion of this key follows.

Soils derived from the same parent
material form the major groups. Sub-
divisions are on the basis of landform
and slope. Agricultural soil names ap-
pear in the proper slope position in the
diagram. The catenas, consisting of the
various series, extend horizontally across
the table. There are four slope arrange-
ments which are 16 to 55 percent, 4 to 16
percent, 4 to 0 percent and depressions.
The fifth column isfor alluvial and special

types.

Limitations of the Use of Agricultural Soil
Survey Data

This survey method is an excellent one
for obtaining preliminary information in
areas where detailed agricultural soils 1n-
formation is available. It is limited to
those areas possessing good maps. As
pointed out previously, many of the early
soil surveys were not accomplished in
sufficient detail towarrant use in detailed
engineering surveys. This limitation

results because earhier soil names in-
cluded many variations which, even
though not recognized at that time, are
important today. Another limiting factor
is the ever-increasing number of soil
names which are being added as the ag-
ricultural program recognizes and maps
to greater detail than in the past. This
requires more work on the part of the
engineer 1n conducting a sampling and
testing program and in translating the
agricultural information into engineering
terminology. However, this added detail
is to the benefit of the program if properly
correlated. The method may be limited
by the extent of the engineering testing
program which has been conducted to
provide test data for the various ag-
ricultural -series types and phases.

Survey procedures learned in one
state or one area can be followed and
adapted to other areas; however, a change
in parent material and climate 1is ac-
companied by a change in the agricultural
name. This necessitates the development
of new keys. This becomes a limiting
factor for surveys which cross state
lines.

Example of Material Survey from Agri-
cultural Soil Survey

The soil survey of Gibson County was
published in 1926 (18). Figure 7 shows
the county soil map. In the report the
soils of Gibson County are arranged in
several different methods. One grouping
is on the basis of profile development,
one grouping is on the basis of physio-
graphic arrangement, and another is on
the basis of parent materials. These
various major arrangements assisted
materially in the preparation of the Ag-
ricultural Soils Map Key (Fig. 27). From
all soil-survey reports studied, detailed
descriptions were obtained of each type,
phase, and series and are presented here
as a key. These proved very helpful in
designating the proper topographic position
and the proper materials symbols to be
used on the materials map (Fig. 9). A
landform-soils-series guide as used in
the Purdue studies (§) was also helpful
in developing the key (Fig. 26).

Soil Groups in the Agricultural Text.
The soils arranged on the basis of profile
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development are subdivided into three
groups (18). Group 1 includes soils with
normal ~ soil-profile development and
which are well-drained, such as Bain-
bridge, Buckner, Elk, Princeton, Ownes-
ville, Haubstadt, Gibson, Tilsit. Group 1
also 1ncludes soils situated on flat areas
but having abnormal profiles and still re-
taining good drainage characteristics.
These are Vigo, Lickdale, McGary,
Robertsville, Robertson, and Calhoun.
Group 2 soils are those poorly drained
soils having a poorly developed profile.
Included 1n this group are Tyler, Mont-
gomery, and Lyles. Group 3 soils con-
tain the recent alluvial deposits and in-
clude Lintonia, Genessee, Huntington,
Holly, Waverly, and Sharkey.

The soils of the county are also ar-
ranged according to their proper physio-
graphic headings of upland, terrace, and
bottom. This grouping is as follows:
Upland — Princeton, Owensville, Gibson,
Vigo, and Lickdale. Terrace — Buckner,
Elk, Bainbridge, Lintonia, Robertsville,
Haubstadt, Robinson, McGary, Calhoun,
Tyler, Montgomery, and Lyles. Bot-
toms — Genessee, Huntington, Holly,
Waverly, and Sharkey.

Theparent material grouping of soilsis
described onpage 1173 of thesoil survey.
This arrangement is as follows: Re-
sidual — Tilsit and Lickdale; Glacial —
Gibson and Vigo; Loessial — Princeton
and Owensville; and Waterlaid — Bain-
bridge, Buckner, Elk, McGary, Roberts-
ville, Haubstadt, Calhoun, Tyler, Mont-
gomery, Lyle, Lintoma, Huntington,
Genessee, Holly, Waverly, and Sharkey.

Soils Grouped for Materals Use. The
key which has been prepared for use in
this portion of the survey is Figure 27,
It is an arrangement of soils into upland,
terrace, and flood plain. The flood plain
has been subdividedinto high lowland (HL)
and low lowland (LL). It 1s to be noted
that the names Miami and Yazoo appear
on the key. These names were takenfrom
the soil survey of Posey County, since
part of the area under study falls within
that county. Since these names are not
shown on the Gibson County map they are
not discussed here.

In addition to showing the soil-series
names in their proper arrangement
physiographically the map shows approp-

riate parent material. Map symbols for
the engineering -soil -texture -landform-
parent-material arrangement are taken
from Figure 31.

The results of the engineering evalua-
tion of Sumner Ditch area are shown in
Figure 9. This, together with the agri-
cultural soils map (Fig. 8) of the Sumner
Ditch area contain all of the data obtained
for survey of the materials accumulated.

GEOLOGY-MAP METHOD

The mapping program undertaken by
the U.S. Department of Interior through
its Geological Survey and the mapping
programs undertaken by the various state
geological surveys provide the engineer
with a valuable source of information which
can be utilized in material surveys. The
purpose of these surveysis to makeavail-
able to the public information about the
lands so that the natural resources that
should be profitably exploited could be
guided by a body of facts assembled by a
competent and impartial agency (16).

In addition to literature prepared by
state and federal mapping agencies, the
engineer can often obtain detailed geologic
data published in technical journals which
are reports of research or exploration.
Among these are Journal of Geology,
American Journal of Science (14), Journal
of Geomorphology, Geographical Review,
and bulletins of the Geological Society of
America (15).

Principles of Soil Evaluationfrom Geology
Maps

The interpretation of ‘geology maps to
establish general areal soils data 1s de-
pendent upontwo factors: first, the knowl-
edge and experience of the interpreter,
and second, the quantitative and quali-
tative detail of the original map. Within
certain limitations the engineering inter-
preter witha good knowledge of historical
geology and a concept of physiography can
make an excellent and reliable survey with
a given set of areal geology maps. Fur-
thermore, with a given set of geological
maps of both stratigraphic and surface
geology the interpreter can make a ma-
terials map which will be as accurate
as the literature and map data employed.



Preliminary Survey. There are two
principal steps to be taken in order to
make a materials surveyfrom a geological
map and geological literature. The first
of these is to assemble and study the
literature and maps available concerning
the area to be surveyed. These data en-
able the engineering interpreter to formu-
late a perspective as to the physiography
and general materials to be expected in
the vicinity. The types of literature that
should be studied include geological atlas,
geologic folios, quadrangles, bulletins,
papers, survey reports, and professional
papers. Usually a topographic map is
available of everyarea that has a surficial
geology map. This type map isalso help-
ful as a supplement to the geology map.
Water-supply papers and ground-water
data published by the U. S. Geological
Survey furnish excellent sources of data
to use in preparing the material survey.
The Lexicon of Geologic Terms and a
hard-rock-and-surface-geology dictionary
of some type shouldbe handy when studying
these data.

It is important that the user of such data
understand the manner in which the data
are presented inthe various types of pub-
hcations. Some discussion of this topic
18 covered more thoroughly elsewhere
(12). A geology map is one which repre-
sents, by means of symbols and an ap-
propriate legend, the distribution of soil
and rock masses of the surface of the land
and the stratigraphy underlying the surface
of the land. Onrecent maps theamount of
detail shown on a map depends upon the
map scale. The surface geology map
shows the surface forms. The forms that
are included in the make up of the earth's
surface are the valleys, uplands, terraces,
beaches, and mountains. The areal geol-
ogy map records these features along with
the general materials that constitute the
forms. The legend that accompanies an
areal geology map usually represents both
the landform and the materials contained
therein. There are other types of geology
maps which may be of use in any material
survey. Among these are the economic
geology map and the structure-section
sheet. The former represents the dis-
tribution of minerals and rocks, showing
their relation to the topographic features
and to geologic formations. The struc-
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ture-section map shows the arrangement
of rocks in the earth's structure. The
stratigraphy is represented in the form of
groups of rocks according to the geologic
time table. The distribution of the rocks
accordingtothe age in whichthe sediments
were correlatedare indicated. Thelegend
on these types of maps represents the age
andtype of material found belowthe earth's
surface conformably or unconformably
resting layer upon layer. Each group of
rocks is described briefly in the legend
usually found in an appendix accompanying
the map or folio.

Techniques of Material Surveys from
Geology Maps

Literature and Map Survey. All of the
data which can be located concerning an
area should be assembled and studied be-
fore use of maps is made. The more de-
tailed this survey is made the more re-
liable the resulting materials survey will
be. There is a wealth of geological data
available in the folios for some areas in
the United States. Gibson County, Indiana,
has been surveyed by various geological
survey parties. The best source of geo-
logical data has been found in the geological
atlas or folio. The Patoka (13) and Ditney
folios {D, each cover portions of Gibson
County. The western section of the county
has been surveyed and the areal geology
reported in the Patoka Folio. The Indiana
Handbook of Geology provides good infor-
mation also (11).

In order to obtain the required data
from the geology maps available a per-
spective should be formulated. The per-
spective consists of a concept of the gen-
eral physiography and the surface ma-
terials to be expected. This study de-
termines 1if the location can be classed as
mountains, plateaus, upland, or lowland.
Once the physiography is known local
landforms can then be determined. This
includes determining whether the locality
is terrace, flood plain, upland, or lake-
bed. The next step 18 to determine how
these forms occurred. One should de-
termine that the area either has been
glaciated, modified by aeolian or alluvial
deposits, vial, or surface deposits are
derived from sedimentary, metamorphic,
or igneous residual materials. When the
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physiography, landform, origin, and par-
ent material are known, then the perspec-
tive of the area is enhancedand the survey
is simplified to a large extent. The next
step is to study available details of the
various landforms.

Geology-Map Interpretation. The best
map to use in the materials survey is an
up-to-date, areal-geology map of a scale
of 1:125,000 or larger. This map shows
the distribution of the older subaquedus
deposits as well as the younger more
recent deposits. The map legend usually
indicates the forms and layering system
of all deposits within the area. The older
forms will be on the bottom of the legend

glaciated region there may be outwash
plains, flood plains, lacustrine plains,
terraces, eskers, kames, till plains,
uplands, and others. Within an aeolian
region there may be any of the above but
covered over by wind-blown deposits.
Within residual landform types there may
be all of the above listed types and moun-
tains or plateaus may even be underlying
the types indicated. The materials within
eachlandformclass are then listed. These
are interpreted directly from the legend.

Preliminary Materials Map. A pre-
lhiminary materials map canbe made based
on the landform-materials classification
system outlinedin’ the previous paragraph.
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Figure 23. Master key for material survey.

column and the most recent deposits ap-
pear at the top. In general, four major
material-landform patterns exist, namely:
residual, aeolian, glacial, and alluvial.
To determine from the map the landform
of a locality witha distribution of residual
materials is difficult. This study 1s al-
ways supplemented with a study of the
literature.

Some landforms, such as a few of the
aeolian, glacial, and alluvial forms, us-
ually are indicated in the legend. Pri-
marily these latter types are of more
recent origin and, in many cases, cover
residual types. In suchcases the residual
type is usually modified. Details of modi-
fication may not be apparent from the
legend; hence, further study of the lit-
erature may be necessary.

Once the landform origin has been de-
termined, the materials listed within these
types should be classified. This classi-
fication is best defined on a landform basis.
The various landforms that may be local
within a river valley area are flood plain,
lake plain, terrace, or upland. Within a

With the new legend a base map of the
given area is prepared. Each landform
is delineated according to types desig-
nated, then these boundaries are sub-
divided on a general material basis.

The preliminary map 1s taken to the
field for checking. Each landform type is
inspected. HMighway cuts and cut-banks
along rivers are observed to simplify
field work. Holes are augered and sam-
ples procured for laboratory analysis.
The depth to which samples should be
taken is determined by the use to which
the materials are to be put and by the
thickness of profile development.

The preliminary map eliminates a con-
siderable amount of field work. The field
investigation may then be confined to con-
firming the existence of the predetermined
gravel or rock deposits. Once the field
check and the soil laboratory analysis has
been made a final materials map may be
prepared. This map will show the correct
delineation of materials boundaries that
may be encountered in any given area
within each landform. '



Keys for Use with Material Surveys

In general, the key that should be em-
ployed with geological literature is one
which tends to classify and determine the
boundary conditions of given data. The
key for use inthis paper is one based upon
the landform, topographic expression, or
relief within the given landform, and the
general materials that accompany the land-
form. This key (F1g. 28)1s madeup from
the data acquired from the literature and
map survey. The key is a supplement to
the map legend in Figure 31. Quite often
map space for scale used is insufficient.
Also, toomuchdetailon agiven map tends
to destroy its usefulness. Therefore, the
key 1s a necessary adjunct to the under-
standing of the materials map. Ingeneral,
the key is a qualitative-analysis chart.
An application of the use of this key 1s
given in the example.

Limitations of the Method

Availability of and Amount of Detail
on Maps. The availability of geologic
maps 18 a limitation to the use of this
method. For example, there are areas
in the United States which have not been
surveyed. Obviously one could not use
the method without maps or data for a
given area. Some maps are very gen-
eral, particularly earlier ones, and do
not show sufficient detail to establish the
surface materials of an area. For ex-
ample, the map of the structural geology
of Indiana shows only the hard-rock strati-
graphy. Much of Indiana is overlain by
glacial deposits which have changed the
original surfacefeatures. Hereis a limi-
tation to the use of stratigraphic or struc-
tural geology maps. Likewise, many
geological maps are of reconnaissance
nature and very general. The detail re-
quired for survey of specific areas can
be accomplished only with supplementary
data to the reconnaissance.

Accuracy of Qualitative Information.
The qualitative data that can be obtained
from geologic maps and geologic literature
1s usually excellent. It isnecessarilyof a
descriptive nature and must be supple-
mented by field data. However, the areal
extent of surface deposits can be deter-
mined and evaluated from these data.
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Many spot checks canbe made in the field
to evaluate the depths of the deposits of
representative areas. These data then
can be extended to geologically similar
areas.

Example of Geology-Map Method

Study of Data for an Overall Perspective.
The example given n this section 1s known
as Area D, Stunkle Ditch. Physiograph-
ically, it is located in Gibson County,
Indiana, in a river valley which 1s within
the Wabash lowland of the Till Plains Sec-
tion of the Central Lowland Province of
the Interior Plains Physiographic Division
of the United States (9, 10). Figure 10 is
a copy of the geology map of Gibson County
(13). The areais ina glaciated region and
within the specific area surveyedthe flood
plain is that associated with a mature
stream valley which is believed to have
been the result of glacial meltwaters oc-
curring during the Wisconsin Age. The
valley-fill material is reported to consist
of sand and gravel overlain by sand or
silt. Some features of the Illinoian Drift
Age appear 1n this valley and 1n some
cases dominate the surface pattern. In
locations where the Illinoian Drift 1s deep
and 1s encountered as the surface ma-
terial (in the southwestern section of Gib-
son County) the surface impartedby the 1ce
is flat and the major stream channels are
dendritic 1n pattern form.

There are loessial features to be en-
countered in this area; they are reported
overlying many parts of the valley. The
present flood plain 1s the result of seasonal
floods and lateral erosion with abandoned
channels filled to the present established
level. Thereare alsosome terrace rem-
nants reported to have been formed by the
old Maumee River. These border the
uplands on the eastern border of the flood
plain. Underlying the features of the
flood plain, loess, and terrace remnants
are glacial drift deposits of Illinoian Age
and bedrockfeatures related to sandstone,
shale, and limestone of the upper Penn-
sylvanian Age. Outcrops have been cor-
related in various parts of the Wabash
Lowland. These bedrock features do not
outcrop except in the Mumford Hills
(see Area F of this survey).

It is seenthen that the perspective gives
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the picture of a landscape assoclated with
a wide river valley consisting of upland
islands of bedrock, overlain by loessial
deposits; an alluvial floodplain marked by
silt-filled, abandoned-stream channels,
and oxbows, and bordered by old terrace
remnants also overlain by loessial de-
posits. Hence, in general, the materials
that can be expected in this part of Gibson
County are silt, sand, and gravel. The
section that follows 1s written 1in order
that the reader may obtain a procedure
for determining details of how to find ma-
terials using an areal geology map.

Geology - Map - Interpretation Proce-
dures. The geological map (see Figs. 10
and 11) was studied and analyzed with the
landform perspective in mind. It was
found that the Stunkel Ditch Area on the
geology map consisted of three general
landform classes, namely: upland, terrace,
and flood plain. The flood plain was sub-
divided 1nto high lowland and low lowland,
principally on basis of seasonal flood
conditions. It 1s belevedthe high lowland
1s less subject to seasonal flooding than
the low lowland. The materials as clas-
sified on the geology map are on basis of
origin and formation. Some of the data
listed on the map is self-explanatory.
However, the description of the Wabash
Formation had to be supplemented with
data obtained 1n the Lexicon of Geologic
Names of the United States (29). With the
three landform classes in mind, all the
materials of the area were classified in
their respective landform position. A
topographic map was overprinted on the
geology map. This step assisted in or-
ganizing the arrangement of classes of
materials into their landform positions.
The landform classes were in turn sub-
divided into topographic (relative relief)
position. The description in the legend
also assisted the classification of the
available materials.

The following grouping of geologic
classes of symbols forms a simple ar-
rangement of the materials available for
engineering construction. Grouping by
landform and topographic position simpli-
fies the field work of an engineer and
enables him to determine what materials
he has available and within what topo-
graphic position these materials occur.
The upland-landform arrangement of ma-

terials has several types of materials.
The Stunkle Ditch Area used to illustrate
the method does not have an upland form.
However, there aretwo landforms, name-
ly: terrace and flood plain. The flood
plain has both high and low lowland situ-
ations. The terrace landform has been
mapped as coarse sands over all the
area. The later dune sand is applied to
material of aeolian origin in part but con-
sisting of particle sizes larger than that
which can be transported by wind. The
high-lowland landform has been mapped
on the basis of the upper flood plain class
of materials and the swamp deposit class.
This upper flood plain refers to materials
deposited during the Quaternary Age. It
consists of silts and sands 1n a stratified
system. In places, silt overburden is
thick. The swamp deposits term applies
to materials found in depressed situations.
It usually consists of muckand peat and on
geologic maps is referred to as vegetable
mold. The low lowland of the flood plain
has only one topographic situation. Ac-
cording to the geologic map the lower
flood-plain sediments refer to materials
of Quaternary origin. These sediments
are found in flat areas subject to seasonal
floods and are silts and sands.

In the upland the topographic situations
U-1 and U-2 are shown as Qtt and Qt re-
spectively. According to the lexicon,
Illinoian Drift is applied to the third drift
of Labrado and Patricianparts of Lauren-
tian 1ce sheet. It consists of thick and
thin deposits of till consisting of a hetero-
geneous mixture of silt, sand, and gravel
with clay. If the Illinoian drift is surface
material, silt is the dominant grain size
in the upper layers, whereas silty clay
predominates in the subsoil, and a mix-
ture of sand, gravel, silt, and clay in the
lower layers (29). The topographic po-
sition U-3 is designated as marl-loess by
the geology map (13). According to the
lexicon the marl-loess term is applied to
material of aeolian origin, calcareous 1n
character and uniform ingrain size. It 1s
the formation that overlies much of the
Wabash Lowland in dune or ridge forms.
The gramn size is most generally silt.
However, itranges from clay-like to fine-
sand materials. The Wabash Formation,
where it occurred, was designated as UQ
on the geologic map; thick Illinoian drift



was delineated as U-2; thin Illinoian drift
was delineated as U2; and loess where it
was encountered was delineated as U-3.
The latter was usually the highest in topo-
graphic position and the former the lower
member of the formation since outcrops of
it were found in gullies and lower slopes
only. The symbol U0 1s shown as Wabash
formation, and designated as CW by the
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graphic position LTO is designated as
swamp deposits by the geologist (13).
According to the Lexicon swamp deposits
are depressed situations, poorly drained
and having muck and peat or vegetable
orgamc materials (29). The topographic
position LT1 is designated as marl-loess
by the geologist. It consists of stratified
silts and fine sands in a flat topographic
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geologist (13). It consists of thick sand-
stones within thin shales, limestones
(Pennsylvanian Age), and coal beds in the
lower half with the upper half containing
alternating sandstones and shales to a
thickness of 180 feet (29). According to
the lexicon, the formation is overlain by
Tertiary Age alluvial deposits.

In the terrace three separate and dis-
tinct topographic positions were found.
These were delineated as depressions,
flat areas, and ridge areas. The depres-
sion form 15 delineated as LTO; the flat-
topographic situation as LT1; and the ridge
class of materials as LT2. The topo-

situation. The topographic position LT2
1s designated as later dune sands by the
geologist. The materials are delineated
in this topographic situation as coarse
sands (see Figs. 11 and 28).

The flood plainis divided into high low-
land and low lowland areas. The high
lowland of the flood plain consists of sev-
eral geological divisions of materials.
The upper-flood-plain deposits shown as
Quf are mapped as HL.2. These sediments
consist of silts and sands 1n a high topo-
graphic position. The area is rarely
overflowed by seasonal flooding. The
abandoned channel deposits (Qc), are
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mapped as HLL1. The materials found in
this flat topographic position are mapped
as fine silts and clay with organic matter
by the geologist (13). The low-land po-
sition of the flood plain has similar ma-
terials to those found in the high lowland
according to the geology map. These are
mapped as lower flood plain, Qef, and
abandoned channel, Qc. Some places
swamp deposits havebeen indicated; these
have been described already (13). The
geologist indicates lower -flood-plain sed1-
ments as materials having been deposited
during Quaternary Age. They consist of
silts and sands 1n flat and depressed
areas. Where found in a depression the
s1lt overburden is thick and highly organic.

Abandoned channels are sediments of
filled-in old oxbows, cut-offs, or depres-
sions formed by the river current at for-
mer water stages. The materials found
1n these situations are usually fine silts
and clays. Where the topographic po-
sition 18 low, they may be highly organic.
Under high lowland of the flood plain are
found suchgeologic classesas upper flood
plain, abandoned channel, and swamp
deposits. These are designated as HL.2,
HL1, and HLO respectively according to
where the symbol occurs topographically.
The low lowland classes of the flood plain
include the geology symbols for lower flood
plain, abandoned channel, and swamp de-
posits. Eachof thesen turnis designated
as LL2, LL1, and LLO accordmng to its
topographic position.

Summary of Materials Based on Land-
form. In the Stunkel Ditch Area, a study
of the areal geology map and the lexicon of
geological terms revealed that the land-

forms and their origin are flood plain and
dune or terrace deposits of silt and sands,
and coarse sands respectively. Some
swamp deposits were noted but were
classed as insignificant sources of useful
materials. The engineering-materials
map has been prepared on basis of land-
form and topographic position as well as
materials within these topographic or re-
lief situations. Eachclass of surface ma-
terials was delineated within U, T, and L
map units based on grain-size distribution
as indicated in Figure 31.

TOPOGRAPHIC-MAP METHOD

Topographic maps are among theoldest
of engineering maps. They are prepared
in a variety of ways: Topography can be
obtained by merely sketching, by detailed
field survey procedures with instruments,
or by the use of photogrammetric methods
from airphotos. They can be extremely
accurate and rigidly controlled or they
canbe poorly done with little or no control.
A topography map may convey differences
of elevation and nothing else. An ex-
cellent topographic map conveys more
than topography. It pictures the "ex-
pression of the surface'" by the arrange-
ment of contours representative of the
earth's surface. An accurately prepared
topographic map reflects patterns which
have elements. The patternscanbebroken
into elements which can be recognized
easily. These collective features can be
analyzed and the pattern interpreted for
the purpose of preparing a material
survey.

The primary sources of topographic
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Fagure 26.

namely

There are three principles,

(1) the topography map records man's
impression of the surface configurations

of the earth, since these surface features
are the results of natural processes in the

development of surface matenials; (2) the
earth's surface materials can be grouped

together to form a pattern which is com-

Several of these

logical Survey, the various state geologi-

cal surveys and mapping agencies, and

maps are the reports of the U.S. Geo-
the Corps of Engineers.

agencies prepared maps which were used

in this survey (7, 13).

posed of recognizable features; (3) the

Principles of Material Surveysfrom Top-

ographic Maps
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surface- and subsurface - material pat-
terns and their representative topo-
graphic contour patterns are repetitive in
nature.

An evaluation of the earth's surface
materialsfrom a topography map isbased
upon the principles that the topography,
as recordedon the map, is representative
of the natural and physical environment
influenced by certain geomorphic proc-
esses. Such processes as orogeny, dias-
trophism, and earthquakes have distorted
the surface to form the major features
and wind, water and ice have moved,
transported, or deposited materials on
the earth's surface to alter these major
features. The distortions and deposits
are recorded by man in a topography map
which features a certain arrangement of
contours. Once an engineer recognizes
patterns as significant of aparticular land-
form, he analyzes step by step the con-
tour picture of the characteristics of the
particular landform studied. From these
maps he may be able to determine the
surface materials to be expected within
reasonable limits.

In order to recogmze that patterns
are repetitive in nature, an examination
of three materials (sandstone, limestone,
shale) combined in a pattern in three
physiographic regions of the United States
will prove helpful (see Fig. 13, 14, and
15).

At Fort Knox, Kentucky, the pattern
1s located in the interior low plateau of
the central lowland (see Fig. 13). The
area covered is one of a tributary stream
known as Cedar Creek. It 1s located near
the eastern boundary of the military
reservation. The gorge created by Cedar
Creek is a solution valley in a limestone
plain. Cliffs rise sharply eastand west of
this straight, north flowing stream.
Smaller streams flow into the creek from
short gullies each having an entrant angle
almost perpendicular to the Cedar Creek.
The floor of the valley 1s flat and rather
wide, as indicated by a wide spacing of
the contour lines. The contour lines
along the valley wall are regularly spaced
but close together. Thereareno terraces.
On top of theplain there isthe impression
of a flatplateau-like rockpediment. Thus
a pattern is formed by the drawing of
contour lines which represent these sur-

face configurations.

The second topography pattern 1s lo-
cated near Fort Rilgy, Kansas, in the
Osage Plains of the central lowland and
is shown in Figure 14. The pattern s
one very similar to that described above.
There is a different cover type due to
the fact that the rainfall isless than in the
previously described area. Again, the
long, straight tributaries exist, with
short stubby gullies entering almost at
right angles. The valleys are flat and
wide. The geological structure of the
underlying rock is similar to that in the
FortKnox area. The agesof thetwo rocks
are nottoo dufferent. Hence, it canbe ex-
pected that these examples and the pattern
elements are comparative to a great
extent.

The third tepographic pattern is in the
vicinity of Soda Canyon, Colorado, and 1s
shown in Figure 15. The region is lo-
cated i1n the southwest part of the state
in the Canyon Section of the Colorado
Plateaus Physiographic Division of the
United States (10). It is also a pattern
of limestones and sandstones with shale.
From an analysis of this region it can be
determined that the stream valleys are
flat with short, steep gradient forming
canyon-like gullies. The valley walls
rise sharply from the floor of the valley.
It can be seen that these patterns are
related to each other. The type of ma-
terials represented in all of these ex-
amples is a cherty limestone.

From the above discussion it can be
seen that the arrangement of contours
form a pattern, and that the pattern
represents surface and subsurface (struc-
tural) features of a region. The above,
when coupled with information and other
data gathered from literature, may be
used to predict the type of engineering
problems to expect from a typical con-
tour pattern. The literature survey
mentioned previously will be helpful in
ascribing significance to topographic
expression represented by the contours.
The literature survey, including ge-
ology and physiography, will be helpful
to determine expected relationships be-
tween earth forms and earth materials
as described and pictured on a topography
map.



Techniques of Material Surveys from
Topographic Maps

In order to use contour maps for ma-
terial surveys there are a few steps that
need be followed. Having a given ge-
ographical region in which to locate ma-
terials, a set of contour maps of the given
region are spread out for inspection.
These contour maps should be tothe scale
of 1: 125,000, or smaller, in order to
establish the pattern. Next, the ob-
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and other changes can be noted in the
detailed analysis and set aside as rep-
resentative of changes in materials.
These landform changes and significant
topographic positions within landforms-
are drafted on a tentative material over-
lay map. With the tentative material map
prepared then pertinent locations in the
field, representative of typical areas,
are sampled. The performance of engi-
neering structures 1s observed. Gen-
erally highway pavements will reflect
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Fagure 27. Agricultural-soils map key.

server should record the impressions
gained from this examination in an or-
derly fashion. In this regard he should
determine the landform, drainage pat-
tern, gully characteristics, ratio of
number of contour lines to a unit dis-
tance, erosional features, vegetation,
and land use, if indicated on the map.
These features are known as elements
and will establish the pattern which can
be analyzed. Once they have been listed,
the next step i1s to determine pin-pcint
locations for field checking. Field checks
are usually made on basis of landform
divisions and topographic changes within
landforms. Uniform slopes, flats, breaks
1n slopes, valleys, depressions, ridges,

the type of performance that the under-
lying materials support. Upon com-
pletion of this field check and perform-
ance survey, the material mapis revised,
if necessary, and prepared in final form.
It is obvious that the material survey
from a topographic map will be of the
order of a reconnaissance survey. How-
ever, this procedure if followed will en-
able theprospector to determine the maxi-
mum amount of data from the existing
maps in a minnmum of time and field
work. Quite often field work is con-
ducted first; then maps are studied
However, 1n the steps noted above, the
field work is not nearly so extensive, nor
expensive, if the procedure enumerated
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is followed prior to the field survey.

Keys for Use With Topographic-Map Data

Keys for studying material types are
quite helpful. They should consist of an
overall pattern with 1illustrations of all
aspects of the pattern. Each element of
a pattern, as listed above, should be
indicated by both description and 1llustra-
tion, either by diagram or ground photo.
Once the overall pattern is understood
and the elements have given the prospec-
tor a concept of the make-up of what the
pattern represents, then it is a simple
analysis to delineate the materials rep-
resented by the key.

A key is based upon landform as the
primary class. Each different landform
is represented by its particular set of
contour lines arranged in natural order.
Flat plains, whether upland, terraces,
or flood plains, are represented by con-
tours spaced far apart® per unit of dis-
tance. The junction or transition zone
between a flood plain and an upland plain
1s represented by contour lines spaced
close together per unit or horizontal dis-
tance. Depressions are represented by
particular hachure-type of contour lines.
It is to be noted that a series of contour
lines to be representative of a pattern
must be considered first on an overall
basis. The pattern 1s then a significant
indication of ground conditions. Each
break 1n spacing of contour lines denotes
a change in slope, which may be accom-
paniedby achange in materials. A change
in spacing per unit of linear distance 1s
significant when there is change of slope
on the ground.

Limitations of Topographic -Map Method

The contour map is limited. The map
does not always cover an area sufficiently
to be representative. If the scale is too
large it may misrepresent the landforms.
Likewise if the contour interval is too
great the true arrangement, particularly
slopes, may be misrepresented.

In areas where contours are spaced far
apart per unit of horizontal distance (ex-
tremely flat areas), the contour map is
unsatisfactory for material-survey use.
In such areas, landform perspective may

be lost. In areas where the slopes are so
steep that contour lines will be spaced too
close for accurate visual study of maps,
the use is extremely limited. The tech-
niques followed by the original draftsman
in his interpretation and contour-rep-
resentation of field data may become a
limiting factor. As an example, it is
important to know whether the brow of a
hill or rise 1s softly rounded, sharply
rounded, or angular, since such features
reflect the texture of materials. If the
original draftsman shows all alike in his
interpretation and representation of field
data, this limits the detail obtainable.
Usually the technique of the draftsman,
his artistic sense of proportion, and the
reliability of data can be determined by
detailed inspection of the minute features
as described above.

In summary, the contour map, alone
at best, should be confined to reconnais-
sance use only, since it merely groups
areas into their probable landform ar-
rangements and rarely provides detailed
information about many of the surface
features needed for materials study.
However, when coupled with other infor-
mation, the efficiency of use for ma-
terial surveys is increased considerably.

Example of the Topographic-Map Method

The example selected is in Southwest
Indiana in Gibson County. The general
topography of the Area E, Foots Pond
Hills, is flat with an upland island, or
isolated hill of Pennsylvanian rocks and
the alluviated flood plain of sand and
gravel of the lower Wabash Valley sur-
rounding the island. Foots Pond appears
to be an abandoned cut off channel of a
former position of the Wabash River.
Figure 16 shows the Gibson County top-
ography Map. Figure 17 is a copy of the
Foots Pond Hills area as seen 1n original
topography map (13).

Topography Map Interpretation Pro-
cedure. The interpretation guide (Fig.
30) is utilized to determine the materials
available. There are three landform
features to be analyzed: flood plain (HL
and LL), low terrace (Lt), and the upland
{U). Each is considered and discussed as
follows.

In the flood plain there are certain




topographic features that stand out.
Generally, flood plains are qute flat.
Their topographic positions are difficult
to outline, particularly with contour of
large vertical interval. However, an ex-
amination of the overall picture (Fig. 16)
gives flood-plain data concerning the site
area. It can be seen from this perspective
that the site area should be divided into
low lowland (LL) and high lowland (HL),
principally because of the position of site
area intermediate between the upland to
the eastand the Wabash River to the west.
The low-lowland (LLO) portion of flood
plain was designated as such because of
the Awo channels which cross the north-
west and southeast corners of area (Fig.
16). These two channels are not signifi-
cant for location of materials; their sig-
nificance lies in their location in the
area — that of occupying the lowest posi-
tion. The low-lowland area is subject to
flooding and filling in with silt during
periods of high water. The high-low-
land area is designated as the part inter-
mediate between the low lowland and the
low terrace. In this particular area this
part of the flood plain may contain the
most significant materials. According
to Fidlar, the flood plain is one formed
by the filled-in materials during some
glacial age. These filled-in materials
may be sands and gravels. The ponds
located in the flood plain have the appear-
ance of abandoned channels.

The low terrace has the smallest areal
extent LT1. It is that portion between the
high lowland and the upland. It does not
have very steep slopes noris it flat. The
area considered as low terrace is confined
to a rim of materials deposited near the
base of the upland island and overlying
the flood plain adjacent to the rim of the
upland. The contour line between the steep
slope and the flat plain is irregular and
spaced far enough from the more regu-
larly spaced lines of higher elevation that
it appears to define a bench-lhike form.
The materials available within this area
defined as LT1 are most likely to be sim-
ilar to the materials in the upland. Gen-
erally, colluvial slopes develop from the
materials sloughing down the slope and
being deposited along the lower rim of an
upland by water. In this area the lower
terrace materials may be sand and silt,
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heterogeneously mixed, with perhaps rock
fragments in the gullies. The gullies are
indicated by the irregularity of the top
contour lines. Sharp angles, bends, and
turns in the top contour line indicate evi-
dence of erosion along the colluvial slopes.
Erosional features such as these indicate
less-consolidated materials.

The area confined to the upland has a
more rugged appearance (U3). The con-
tour lines are spaced closer together in-
dicating steep easily eroded slopes. The
area higher than 400 ft. has been desig-
natedas upland (U3) and there are several
types of contour lines represented. These
types are closely spaced and are closed
The close spacing indicate an area which
may be the underlying rock exposures;
the closure indicates tops of small hills.
The latter are similar to those found along
the uplands which are used to indicate
windblown sand ridges. According to the
physiographic literature survey there are
sand ridges in the area, hence, these may
be the ones expected.

In the floodplain of the flat area, not
confined to abandoned channelsor oxbows,
1t is anticipated that sand and gravel with
a silt overburden will be found in the low
terrace. There may becolluvial materials
of silt and sand. Finally it is expected
that the upland may have uniform sand
ridges underlain by rock. The materials
as represented by a map are shownin Fig-
ure 18.

COMBINED USE OF LITERATURE,

GEOLOGY MAPS, AGRICULTURAL-

SOILS MAPS, TOPOGRAPHIC MAPS,
AND AIRPHOTOS

This section of the report 1s concerned
with the combined use of literature, var-
ious nonengineering maps, and airphotos
for evaluating earth surface materials
making material survey. It seems only
logical for those interested in conducting
a materials survey to attempt to gain as
much information in advance of field in-
spection as possible. In most areas this
is not a difficult task, since bothpublished
and unpublished information is usually
available. Reports covering the findings
of the agricultural-soil survey are on file
in libraries of many colleges and uni-
versities, in county agents' offices, and
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Figure 28. Geology map key.

in some public hbraries. A listing of
libraries 1spresented in Bulletin 22 of the
Highway Research Board (8). Geological
reports are available in hibraries of many
colleges and universities, as well as in
the files of state geological surveys and of
the U.S. Geological Survey. Many reports
are available for purchase from the Sup-
erintendent of Documents, U.S. Govern-
ment Printing Office, i1n Washington. For
unmapped areas the materials prospector
will find the state geological surveys, the
U.S. Geological Survey, and the state
agricultural experiment stations very
helpful 1n obtaining materials data within
certain areas.

Aerial photographs can be purchased
from any government sources for a large
portion of the United States. Maps are
published by the Geological Survey showing
status of photography by the various
agencies. The largest source of aerial
photographs 1s that of the Department of
Agriculture. Status maps showing avail-
ability of photography and year flown are
available for each state. Files of some
aerial photographs are kept at some
unmversities. 1n county agents' offices,
in various geological survey offices, both
federal and state, and in many highway
departments.

Significance of the Combined Method

There are many advantages of studying
literature available 1n several fields, such
as the studies made available by the so1l
engineer, physiographer, the geologist,
the soil scientist, the topographer, and
the photoanalyst. The chief advantage

lies in the fact that the materials pros-
pector can screen the data and determine
the high points of each source of informa-
tion — those points whi;h are the most
significant to an understapding of the area
under study.

From study of physiographic literature
the type of land surface is determned
such as, plain, plateau, mountain, or
basin. The relationship of the area with
respect to the surrounding physiographic
provinces is determined. The agents
responsible for the development of the
landscape will be set forth.

The study of geologic literature re-
veals the history of an area — its origin
and the development processes con-
tributing to its present form. Such items
as relative age andtype of materialsin the
major land umts are determined. From
the geology map and accompanying liter-
ature, the major parent materials, wheth-
er inplace or transported by wind, water,
ice, or gravity, will be determined and
can be located accurately. In one sense,
geology 1s the basis for all material
surveys.

From the topography map the magm-
tude of the landscape 1s determined. The
various landforms are represented to-
gether with their respective positions
relative to the base level of erosion. The
magmtude of the landformsis represented
clearly. The topography map provides a
record of the earth sculpturing which has
taken place.

For a grouping of surface soils into
parent materials the maps and the litera-
ture provided by the soil scientists are
used. Since the pedologic concept 1s fol-




lowed 1n reports of this type, advance
information concerning expected soil-
profile types and characteristics may be
obtained. The literature of this source
presents information concerning not only
the so1l catenas of family groups but 1n-
formation concerning the variations, such
as types and phases. Detailed descrip-
tion 1s concentrated on the development
profile — that which supports plant life.

The aerial photographrecords the sum
and total of all surface features. Itisa
pictorial representation of the area re-
cording the major as well as the minor
details. In addition to picturing the dis-
tribution and density of the natural cover
and cultural features such items as
macro-relief are clearly shown. These
minute details are often grouped in an
all-inclusive symbol on other maps since
expense precludes their being included 1n
the representation of the area. The areal
photograph provides a basis of compar-
ison — itis an impartial representation —
not prepared through the eyes of another.
Its successful use 1s limited tothe trained
interpreter alone. The airphoto can sup-
plement where macro-detail is needed; it
can supplant where no information is
available.

Combined Method Applied to the Example
Areas

The following discussion has beenpre-
pared irrespective of the preceeding dis-
cussion. This discussion is divided into
source data for survey, physiography,
geology agricultural soil survey, and
aerial photographs.

Physiography. This area is located in
the Wabash River Valley which 1s a river
valley of a glaciated region of the Till
Plains Section of the Central Lowland
Province of the Interior Plains Physio-
graphic Division of the United States (9,
11). The valley consists of flood plains
of a mature stream valley filled 1n with
materials which are believed to have been
deposited as the result of the flow of
glacial melt waters occurring during the
Wisconsin Age. The locale used 1n this
study is located in the flood plain of this
filled-in valley. The local landscape
consists of flood plains, terraces, and
uplands. There are generally two levels
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in the flood plains, one at or near the
water level and one 10 to 30 ft. higher.
The valley, or flood plain contains a
series of island hills isolated as monad-
nocks.

Geology. This area is underlain with

" rocks of Pennsylvaman Age — Coal Meas-

ures (13). The rocks of the Central Low-
land dip gently along the Cincinnati Anti-
cline which underlies this area. Rock
knobs, also Pennsylvania, protrude
through the flood plain surface. The area
has been glaciated as deposits of drift of
Illinoian Age dominate the landscape in
many places in the uplands. The results
of the later Wisconsin Glacial Age are
found in the vast alluvial filling of the
Wabash Valley.

The present landscape reflects the
glacial activity and considerable modifi-
cation through the recent agents wind and

Age Formation Names and Symbols
5 Natural levees on!
:“ Abandoned channel deposits Qc
‘é Swamp deposits Qs
§ Lower flood-plain deposis Qlf
T 2 | Loter dune sanas Qtd
Lod Upper flood - plain deposits Quf
g :,.’ Earhier dune sands Qed
=5 Terrace deposits Qtr
=z Older stream silts Qos
8| §8 | Loess
Q 20
Wl 25 | Mari-toess Qml
E Lake deposits of third halt Q¢
g S| Loke deposits of second halt ad
3 § E Lake deposits of first halt d
& | 3 Loke deposits of maximum odvance QI
§ § | Outwosh gravel plains Qog
£ § Dnift ridges Qdr
=12 Thick 111 ond antr plains Qtt
8 Thin hill sheet Qt
System Names ond Symbols
Terfiory River deposits (Eocene ?) Te
- ’g Wabash formation Cw
§ H Inglefield formation Ci
2 —E Ditney formation cd
;.g:_. é’ Somerville formation Cs
S Miilersburg formation cm
Figure 29.
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water. According to Fidlar, the present
flood plain is the result of seasonal flood
and lateral erosion with abandoned chan-
nels filled into the present established
level. The old Maumee River (pre-
Wisconsin) formed what is now called
terrace remnants. These are evident
near the bordering uplands. The low
gracient of the flood plain in this area
causes wide meanders of the stream
channel. Frequent flooding has resulted
which has been responsible for forming
bayous, oxbow lakes, bars, and abandoned
channels. The Wabash Channel has cut

are scattered throughout the area. Some
deposits are resting on the Maumee and
Shelbyville terrace remnants and on the
isolated residual remnants which pro-
trude above the base level of the flood
plain. It is said that upland dunes may
have originated any time after the maxi-
mum Illinoian ice invasion. Typical
dune topography marks the crest of such
areas as Foots Pond Hills and Mumford
Hills.

Agricultural-Soil Survey. The agri-
cultural-soil survey provides detailed
information about distribution of parent

UPLAND TERRACES

FLOOD PLAIM

HIGH LOWLAND

LOW LOWLAND

XL IR

Figure 3. Topography-map key.

through a projecting upland spur in places.
Many marsh areas occur inthe floodplains
in the swales. Other features of the flood
plain which are a direct result of alluvial
activity are natural levees consisting of
long ridges of a sand andgravel overwash.
Both levels of the flood plain contain ox-
bows, meander cut-offs, swales, bars,
levees, and channel scars.

The upland areas are covered with
loess in various spots throughout the
lower region of the Wabash Valley. There
are deposits up to 50 ft. thick in places.
Thornbury (24), in 1940, reported that
this loess belongs to the Peorian Loess
(Wisconsin Age) of Illinois. The slopes
are unusually steep for unconsolidated
deposits. Steep slopes are features
typical of loess. Erosion of the soft,
calcareous loess has produced smooth
slopes along vertical-walled gullies.
According to Fidlar, the loess also covers
the island hills in this region — those in
the flood plain of the valley. Other
aeolian deposits, such as sand dunes,

materials and the soil profiles of the
various series, types, and phases. The
soils are grouped mto three groupings
basedon profile development, topography,
and parent material. All three are im-
portant to a material survey.

The grouping under parent materials
lists the soil series associated with re-
sidual, glacial, loessial, and alluvial.
Such information provides a starting
point for the development of correlations
between the soil-series name and the
geological designatien, which is obtained
from geological maps and literature. By
studying the grouping of soils on a topo-
graphic basis, 1t is learned which of the
soil series occur on uplands, terraces,
or lowlands. This 1s irrespective of
parent materials. The grouping pro-
vides a correlation between soil series,
topography, and local physiography. It
clarifies the concept of magnitude of
various landforms comprising the land-
scape by pointing out areal extent of the
soil series on a given landform from the



agricultural-soi1l map and relative ele-
vation position from the topographic map.
The picture now assumes three dimen-
sions. From the description given on
soil groups accorded certain profile
types, information concerning drainage
and profile development 1s obtained. It 1s
learned which soils are old in their de-
velopment and which are young. This fact
is i1mportant since porosity and profile
development are closely related. Detailed
information of series and phase is ob-
tained from the pedological discussion of
the profiles.

As an illustration of this, information
concerning the Gibson Series is given
here. The Gibson soils are developedfrom

* Illinoian t111, and occur as an upland soil

as stated 1n the survey report (18):

"The Gibson series ischaracterized by
a light brown or yellowish-brown surface
soil and a heavier yellow subsoil, under-
lain by a noncalcareous Illinoian till,
mottled with yellow and gray. Ths till
extends to a depth of about 10 ft. "

The Gibson series occur in the Group
I profile soils since it has a normally de-
veloped profile. They havebeen developed
under forest conditions. Three distinct
A, B, C, horizons exast in the profile.
The descriptiongiven in the survey report
for soils of Group I 1s:

"A top layer (A) which, under virgin
condations, has a surface veneer of or-
ganic matter, contains some organic
matter 1n the upper part and less 1n the
lower part, and 1s thoroughly oxidized
and leached; (2) a middle-layer (B) which
is well oxadazed and heavier 1ntexture than
the surface layer; and (3) a bottom layer
(C) consisting of the parent material. "

Details of the type and phase are ob-
tained from the profile discussionand are
not repeated here. In a manner simlar
to that discussed above i1nformation con-
cerning the various soils pertinent to the
example areas can be obtained for use in
the materials survey and maps repre-
sentative of the ground condition may be
prepared.

Aerial Photographs. In the particular
area chosen for the examples the litera-
ture was considered to be ample to fur-
nish material necessary for conducting a
materials survey. Little can be added
from a study of the airphotos regarding
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the location, distribution, and type of
materials when used in conjunction with
the other methodsof this particular area.
The soil series as mapped and as de-
scribed haveprovided the necessary data.
It is, however, to be pointed out that in
the case of the alluvial soils the airphoto
more clearly separates the well-drained
and more-granular ridges (levees) left
by current activity from the intermediate
and basin areas which are not as granu-
lar. On some types of maps these have
not been separated. From a soils stand-
point the airphotoprovides the only meth-
od, where it may be desirable to obtain
information pertaining to relative a-
mounts of ridge -intermediate - basin
areas.

Of importance in the survey is the use
of the airphoto for determining the den-
sity and distribution of timber cover for
purposes of consideration in land evalu-
ation and clearing cost. This, of course,
1s not contained i1n detail on other maps.
The up-to-date cultural pattern as well
as access routes is more easily de-
termined from study of airphotos.

Perspective. The foregoing discussion
gives a perspective with which a study of
the materials of an area can be accom-
plished in a more objective manner.
From general literature, 1t 1s known what
to expect 1n the various major landform
units. From detailed literature, the
perspective is enhanced, since actual in-
formation concerming the soilsis obtained.
The information from the airphotos com-
pletes a detailed concept of any terrain
for locating materials surveys. One
additional feature 1s worth nothing: Quar-
ries may have been opened for source of
granular materials and the supply of
materials exhausted during same opera-
tion. These and other conditions perti-
nent to an area study are easily learned
from a study of up-to-date photos where-
as these data may not be abailable on
older maps.

Four Example Areas Compared

The results of the entire study, inwhich
four areas in southern Indiana were sur-
veyed with four methods each, have been
tabulated and appear as Figure 32. In-
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Figure 31. System of symbols for engineering soirl-materaals mapping.



dividual maps, airphotos, and copies of
original maps have not been reproduced
or discussed in this presentation. A por-
tion of the Gabson airphoto-index sheet,
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agricultural soil map, geology map, and
topography map which contains all four
example areas, has been reproduced and
is contamned in Figures 19 to 22.

PURDUE ENGINEERING-SOILS-MAPPING SYMBOLS*

The accompanying chart represents the
system of graphical symbols developed at
Purdue University 1n connection with
the Engineering Soils Mapping Project of
the State of Indiana from airphotos. Al-
though this system was designedprimarily
with the Indiana soils 1n mind, it possess-
es enough flexibility to enable 1its use in
other areas, since all possible origins
of soil materials are included and since
the system admits expansion in accord-
ance with specific needs. . ~ .

The soil physical properties of fore-
most importance are: type of parent
material, texture, and internal-drain-
age characteristics. An attempt has been
made in this system to portray such soil
properties as truly as possible.

Briefly, the following are the out-
standing features of the system:

1. As shown in Part A of the chart,
the soil parent materials have been ar-
ranged according to origin in two major

the residual group, sedimentary, meta-
morphic, and igneous materials are in-
cluded. The transported group is further
subdivided according to the agent of trans-
portation into ice-deposited, water-de-
posited, and wind-deposited. Under these
subheadings the corresponding types of so1l
formations have been listed. Part A
also contains a column for miscellaneous
formations, which cannot be included in
either of preceding groups.

2. The -symbols 1n Part A have been
designed as uncomplicated as possible,
so that they may admit superimposition
of one symbol on another without con-
fusion. This 15 necessary to show thmn
drift on rock, for instance, or wind-
blown sediments on some other ma-
terials and also to combine the textural
symbols (Part B) with such basic symbols.
The basic symbols, by themselves, 1n-
dicate the origin of the parent material,
as well as the type of formation; e. g.,

groups: residual, and transported. In glacial moraine.
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3. Four are the generally accepted
grain si1ze components 1 soils: clay,
silt, sand, and gravel. A soil may be
composed of one or a combination of two
or more of these grain sizes. Some com-
binations occur in nature more frequently
than others; and some almost never
occur, such isthe caseof clay and gravel,
and even silt and gravel. Discarding
these unhikely combinations of two grain
sizes, the first four groups of symbols
shown in Part B were designed. Next,
the most likely combinations of three
grain sizes were chosen, as shown in
the last two groups of symbols of Part B.
For the sake of simplicity, and since
only relative soil textures are intended
to be portrayed by the textural symbols
and not numerically accurate proportions
of grain size components, combinations
of all four generally recognized grain
sizes were not included in this system.
An example of relative soil texture for
our purpose would be silty-sand, where
the sand predominates and where the
silt holds a secondary place in propor-
tion. This however does not mean that
such a combination may not contain a
small proportion of gravel, for instance;
however, this proportion wouldbe so small
as to be insignificant as far as the engi-
neering properties are concerned.

All six groups of grain-size combina-
tions shown 1n Part B contain some blank
spaces. If symblos were to be devised
for all the spaces of each group, either
the proportions would be repeated or the
relative textures would be so much alike
that confusion would result. Symbols
were devised, then, only for the most
sigmificant grain-size combinations. For
our purpose, these symbols are called
textural symbols.

4. Dashed horizontal lines and dashed
vertical lines were chosen for the textural
symbols for clay and silt, respectively;
and the conventional dots and circles were
adopted for sand and gravel, respectively.
The horizontal arrangement was chosen
for clay to denote 1ts slow-draining prop-
erites. By similar reasoning the vertical
dashed lines that represent silt, indicate
better draining characteristics. The dots
and circles carry the universal inference
of good drainage. By noting the relative
density or proportion of these conventional

grain-size symbols on any combination,
it 1s possible toacquire a reasonably good
impression of the drainage characteristics
of the soil represented by such a combina-
tion of symblos.

5. The textural symbols are super-
imposed on the basic symbols, to indicate
texture and drainage characteristics of:
(a) the parent materials in unconsolidated
formations and (b) the derived soils in
bedrock areas.

This system is especially suitable for
engineering-soils mapping from aeral
photographs, since by means of airphotos
it 1s possible to tell the origin of the soil
materials and the types of formations, as
well as to predict the relative soil tex-
tures and drainage characteristics. The
symbols should be used in full scale for
best results.

It is hoped that the proposed system
will constitute a common language for
engineers engaged in soils mapping and
will be regarded as a convement method
of grouping and graphical representation
of engineering soil materials.
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