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INTRODUCTION 

Frank R. Olmstead, Chairman 
Soils Engineer 

Bureau of Public Roads 

The information presented in this Bulletin is closely related to the engineering survey data 
reported in the two previous Bulletins - No. 13, "The Appraisal of Terrain Conditions for Highway 
Engineering Piuposes", and No. 22, "Engineering Use of Agricultural Soil Maps" sponsored by the 
Committee. 

The inqiortance of agricultural soil maps was emphasized in Bulletin No. 22, and since it was 
well received by the highway engineer, it was decided that other types of useful mapping should be 
made available to the engmeer. 

This Bulletin contains information regarding the status of both geological and agricultural soil 
mapping in the United States. In addition, a number of geologists and soil scientists who may be 
able to furnish detailed Information in respective parts of the United States are included to make 
this map information more complete. 

The status of topographic mapping and airphoto coverage was presented in Bulletin No. 13 and 
when additional information becomes available, it is planned to issue supplemental circulars to 
indicate the status of new mapping. 

The Committee wishes to agam call the engineer's attention to the need for making use of 
available terrain information for planning purposes. Considerable progress can be made in 
engineermg planning if soil information - soil test data, design recommendations, construction 
and mamtenance e]q>erience, and pavement behavior - is correlated with one or more of the in-
place systems of terram classification developed by the geologist and soil scientist 

It is anticipated that greater emphasis will be placed upon engineering correlations because 
the engineer can no longer be conf med to the consideration of local engineering soil problems. In 
the space of a few years he may be involved m construction work in widely scattered parts of the 
world, particularly if technical ejsperience and know-how in road-building is accelerated in the 
undeveloped countries. 

The eAgmeer working in these areas must make terrain appraisals for road-building purposes, 
and it would appear that this could be more easily done if the pertinent engmeering data found m 
this country were correlated with significant terrain characteristics. 

Engineers m widely scattered parts of this country have found that the physical properties of 
soil alone will not suffice for the correlation of engineering problems. However, when both phys­
ical and environmental factors related to terrain conditions were considered, they have developed 
reasonable correlations. 

Such a program of correlation of engineering information with terrain conditions must be readily 
understood by the engmeer. It would be desirable if such a system interrelated the more signifi­
cant factors considered in the systems of terrain classification used by the geologist and the 
pedologist in their mapping programs because it would make these sources of knowledge more 
useful to the engineer. 

The airphoto system of map-unit classification reported in this Bulletin with perhaps some 
refmement or modification may be the logical approach to the development of a terrain classifi­
cation that can be understood by the engmeer. It is based on a grouping of parent material, 
drainage, and significant soil profile variations by means of symbols and the grouping of soil 
characteristics using numbers corresponding to the Highway Research Board soil group classifi­
cation of the predommate soils occurring within the map-units. 

The papers presented in this Bulletm mdicate how the engineer can obtain some of this engineer­
ing information by the use of airphotos, material inventories, and geophysical methods of sub­
surface exploration. 

Attention is called to the method for the preparation of State-wide drainage maps from airphotos. 
This methodshould serve as apractical means of evaluatingthe importance of drainage in highway 
location or bridge design. The relation observed between detailed drainage patterns and soil or 
bedrock types appears significant B this relationship is characteristic for other types of terrain. 
I t would appear that significant detailed drainage patterns may be made a useful criterian for the 
appraisal of soil conditions from topogr^hic maps. 



The paper on material inventories reported in this Bulletin should be of interest to engineers 
who may be considermg a State-wide study of local road-building materials. Several States have 
completed such mventories and have foimd them useful for planning purposes. The rapid depletion 
of known aggregate sources in some States has accelerated interest in methods of finding and 
recording the location of new sources of construction materials. For this reason more emphasis 
has been placed on the engineermg use of airphotos, county soil maps and geological m^s. The 
use of these sources of information with supplemental detailed field reconnaissance has been found 
necessary for covermg large areas such as a State. In connection with the field reconnaissance 
the use of geophysical methods similar to those described in this Bulletin is an effective means 
of acceleratmg site e^loration because the number of test pits can be substantially reduced without 
sacrificing the accuracy of the field study. 

Airphoto mterpretation for determining the character and distribution of soils has been used 
rather extensively by engmeers in recent years. The early work was confined to the study of 
glacial terram; later it was expanded to the study of residual areas in various parts of this coun­
try. In recent years, considerable work has been done In Alaska. The paper on permafrost 
reported in this Bulletin pomts out the importance of considering topographic position in areas 
subject to permanently frozen soils occurrmg in their native environment. 

The location of permafrost areas is a major consideration m highway and airport construction 
because the subsequent thawmg of those soils after the environmental conditions have been altered 
by construction results in excessive maintenance or reconstruction e^enditures. It is reasonable, 
therefore, to expect that greater use will be made for location purposes of airphoto interpretation 
in regions subject to permanently frozen soils. 

The Committee is mterested in receiving suggestions from the practicing engineer regarding 
new developments in soil surveying and moping. It is only through this medium that new ideas 
and factual information can be obtained which will be of Interest to other engmeers. 

THE STATUS OF GEOLOGIC MAPPING 
IN THE UNITED STATES 

The engineer responsible for the 
design and construction of large struc­
tures such as dams, tunnels, bridges 
and buildings usually requires a detailed 
geologic study of the proposed construc­
tion site before starting the preparation 
of plans. 

On the other hand, the role of the 
geologist in highway engineering usually 
has been confined to the study of major 
landslides, the location of sand and 
gravel or rock deposits and the investi­
gation of highway locations which are 
likely to require deep cuts extending 
through the surf icial mantel of soil into 
the bedrock. 

There is considerable useful engi­
neering information obtainable from the 
interpretation of geologic maps. Soils 
are related to the type of parent mate­
rial from which they are derived. When 
the influence of climate and relief are 
considered the engineer can make rea­
sonable predictions on the type of soils 
that will be associated with the different 
parent materials indicated by geologic 
maps. 

In areas where the terrain is not 
economically suitable for agricultural 
use we have only limited information on 
soils. These areas usually are associ­
ated with regions of arid to semi-arid 
climate and the residual soils are apt to 
be thm m the areas where extensive 
cuts and fills are required to mamtain 
suitable highway alignments. Under 
those design conditions the engineer will 
find that the interpretative information 
obtained from geologic maps will be 
useful for highway location and for 
planning the n e c e s s a r y engineering 
survey work. 

In most instances, due to map scale 
limitations, all types of maps must be 
generalized to some degree. The engi­
neer must recognize the limitations of 
maps. It is suggested that he consult 
the geologist to determme the accuracy 
of the particular types of maps available 
for the area in which he plans to do road 
work. 

In many instances geologic maps 
used in conjunction with airphotos will 
enable the engineer to determine details 



omitted during the preparation of the 
geologic maps. Consequently, it is 
often possible by proper interpretation 
to minimize the amount of ground re­
connaissance required for making en­
gineering estimates of terrain conditions 
from available maps. 

The following information presented 
on the status of geological mapping in 
the United States was furnished by the 
US Geological Survey at the request of 
the Committee. The Committee felt 
that this information should be made 
available to the engineer so that it could 
be used in highway planning work. 

GEOLOGICAL INDEX MAP OF THE 
UNITED STATES 

The index map of the United States, 
(Fig. 1) prepared in the US Geological 
Survey, shows in ageneralway the areas 
in the continental United States that have 
been covered by geologic maps on dif­
ferent scales. The areas that have the 
largest scale m^s are shown in black. 
The geologic maps for much of the area 
shown in light gray are State geologic 
maps approximately 8 mL to the in. 
Some of these maps were published by 
the US Geological Survey and others 
State Geological Surveys or societies. 
The areas shown in white had no pub­
lished geologic maps on a scale as large 
as 8 mi. to the in. at the time the 
illustration was prepared (May 1948). 
A geologic map of the entire country, 
scale about 40 mi. to the in., was 
published by the US Geological Survey 
in 1933 and may be obtamed from that 
organization for $2. 50. 

More detailed information about 
published geologic maps for individual 
States is given in a series of geologic 
map indexes obtainable from the US 
Geological Survey. Each published 
geologic map is outlined on a State 
base map; an e:q)lanatory key gives 
the source and date of publication, 

author, and scale. Publication of these 
geologic map mdexes began in July 1947 
and 23 are now available. The scale of 
most of the indexes is 1:750,000, or 
about 12 mi. to the in. A few were 
published on a scale of 1:1,000,000, or 
about 16 mi. to the in. Outline patterns 
that show the areas covered by geologic 
maps are printed m 4 colors to indicate 
approximate scales of the maps. The 
geologic map indexes that are now 
available may be obtained as mdicated 
below. 

Obtainable from Director, US Geo­
logical Survey, Washington 25, D. C . , 
for the prices indicated: 

Maine $.25 West Virgmia .25 
Ohio .25 Mississippi .25 
Georgia . 35 North Carolina . 50 
Tennessee . 40 South Carolma . 25 

Obtainable from Map Distribution 
Office, US Geological Survey, Denver 
Federal Center, Denver, Colorado, for 
the prices indicated: 

Colorado 
Idaho 
Iowa 
Kansas 
Missouri 
Montana 
Nebraska 
Nevada 

Information as to geologic-map cov­
erage of specific areas can be obtained 
by writing to the Director, US Geological 
Survey, Washington 25, D. C. Most of 
the States have geological surveys or 
similar State agencies that can supply 
information on availability of geologic 
maps and work in progress within their 
States. The locations of their offices 
are listed in Table 1. Massachusetts 
does not have a State survey but infor­
mation on the geology of that State can 
be furnished by the US Geological Survey 
Office, room 513, at 100 Nashua Street, 
Boston 14, Massachusetts. 

.70 North Dakota .40 

.25 Oregon .25 

.35 South Dakota .30 

.30 Utah .25 

.30 Washington .35 

.35 Wyoming .50 

.35 New Mexico .70 

.30 



F I G U R E 1. A R E A J OF P U B U S H E D GEOLOGIC MAPS ON D I F F E R E N T S C A L E S 
R E D U C E D FROM ORIGINAL MAP B T LEONA BOARDMAN MAY 1948 

D E P A R T M E N T O F INTERIOR, US G E O L O G I C A L S U R V E Y 

MAP S C A L E S 

1 M I L E ' 1 INCH AND L A R G E R S C A L E S 

2 1/2 M I L E S TO a M I L E S - 1 m C H 



State 

Alabama 

Arizona 

Arkansas 

California 

Colorado 

Connecticut 

Florida 

Georgia 

Idaho 

I l l i n o i s 

Indiana 

Io>a 

Kansas 

Kentucky 

Louisiana 

Maine 

Maryland 

TABLE 1 

TABULATION OF STATE GEOLOGISTS BY STATES 

State Geologist and Address 

Dr. Walter B. Jones, State Geologist, Geological Survey of Alabama, 
Uiiversity 

Dr. T. G. Clia|inan, Director, Arizona Bureau of Mines, Ikiversity of 
Arizona, IVicson 

Mr. Harold B. Foxhall, Director, Division of Geology, Arkansas 
Resources andDeTelopmentCannission, State Capitol, L i t t l e Rock 

Dr. Olaf P. Jenkins, Qiief, Division of Mines, Department of 
Natural Resources, Ferry Building, San FVancisco 11 

Mr. FVed Jones, Vice Oiaimian, Colorado Geological Survey, State 
Museum Building, Denver 

Dr. Edward L. Troxell, Director, Connecticut Geological and Natural 
History Survey, TVinxty College, Hartford 6 

Dr. Herman Gunter, Director, Florida Geological Survey, P.O. Drawer 
631, Tallahassee 

Capt. Garland Peyton, Director, Department of Mines, Mining and 
Geology, State Division of Conservatian, 425 State Capitol, 
Atlanta 

Mr. A. W. Fahrenvald, Director, Idaho Bureau of Mines and Geology 
University of Idaho, Moscow 

Dr. M. M. l e i ^ t o n , Oiief, State Geological Survey Division, 100 
Natural Resoirces Building, University of I l l i n o i s Campus, 
Urbana 

Dr. Oiarles F. Deiss, Oiainnan and State Geologist, Division of 
Geology, Indiana Department of Gnservation, Indiana Uiiversity 
Blodnington 

Dr. H. Garland Hershey, Director and State Geologist, Iowa 
Geological Survey, Icwa City 

Dr. John C. FVye, Executive Director, State Geological Survey, 
The University of Kansas, Lawrence 

Dr. Raymond C. Moore, State Geologist and Director of Research, 
State Geological Survey, The Uiiversity of Kansas, Lawrence 

Mr. Daniel J. Jones, State Geologist, Department of Geology, 
Kentucky Geological Survey, Uiiversity of Kentucky, 
Lexington 

Mr. Leo W. Hough, State Geologist, Louisiana Geological Survey, 
Department of Conservation, Geology Building, Uuversity 
Station, Baton Rouge 3 

Dr. Joseph M. IVefethen, State Geologist, Maine Geological Survey, 
Uiiversity of Maine, Otono 

Dr. Joseph T. Singewald, Jr . , Director, Department of Geology, 
Mines and Water Resources, Board of Natural Resources, 
Baltimore 18 



TABLE 1 (continued) 

TABUUTION OF STATE GEOLOGISTS BY STATES 

State State Geologist and Address 

Michigan Mr. G. E. Eddy, State Geologist, Geological Survey Divisicn, Department 
of Gonservation, Lansing 13 

Minnesota Dr. G. M. Schwartt, Director, Minnesota Geological Survey, Ihiversity 
of Minnesota, Minneapolis 14 

Mississippi Dr. W. C. Morse, Director, Mississippi Geological Survey, Ihiversity 

Missouri Dr. Edvard L. Clark, State Geologist, Division of Geolcigical Survey 
and Water Resources, Department of Business and Administration, 
Buehler Building, Roll a 

Nebraska Dr. G. E. Condra, State Geologist, Conservation and Survey Division, 
Hie Uiiversity of Nebraska, Lincoln 8 

Montana Dr. Francis A. Hianson, Director, State Bureau of Mines and Geology, 
Butte 

Nevada Mr\ Jay A. Carpenter, Director, Bureau of Mines, Box C, (diversity 
Station, Mackay School of Mines, Reno 

New Hampshire Mr. T. R. Meyers, Geologist, New Hampshire State Planning and 
Development Conmissian, Gonant Hall , Uiiversity of New 
Hampshire, Durham 

New Jersey Mr. Meredith E. Johnson, State Geologist, Geologic and Topographic 
Survey, Department of Conservation and Economic Development, 
Room 415 State House Annex, Trenton 7 

New Mexico Dr. Eugene Calla^ian, Director, New Mexico Bureau of Mines and 
Mineral Resources, Socorro 

New York Dr. John G. Broughton, State Geologist, State Geolagical and 
Natural History Surveys, State Education Building, Uiiversity 
of the State of New York, Albany 1 

North Carolina Dr. Jasper L. Stuckey, State Geologist, Divisicn of Mineral Resources, 
Department of Conservatian and Developnent, Raleigh 

North Dakota Dr. Wilson M. Laird, State Geologist, North Dakota Geological Survey, 
University of North Dakota, Grand Forks 

Chio Mr. John H. Melvin, State Geologist, Geological Survey of Ohio, (Vton 
Hall, Chio State Uiiversity, Calumbus 10 

(Xdahcma Mr. Robert H. Dott, Director, Oklahoma Geological Survey, Norman 

Oregon Mr. F. W. Libbey, Director, State Department of Geology and Mineral 
Industries, 702 Woodlark Building, Pbrtland 5 

Pennsylvania Mr. S. H. Cathcart, Director, Bureau of Topographic and Geologic 
Survey, Department of Internal Affa i rs , Harrisburg 

Rhode Island Dr. Alonzo W. Quinn, Oiairman, Mineral Resources Dnmittee, ISiode 
Island Port and Industrial Development Cmnission, Providence 3 

South Carolina Dr..Laurence L. Smith, State Geologist, Department of Geology, 
Mineralogy and Geography, University of South Carolina, 
Columbia 



TABLE 1 (continued) 

TABULATE OF STATE GEOLOGISTS BY STATES 

State State Geologist and Address 

South Dakota Dr. E. P. Rothrock, State Geologist, State Geological Survey, State 
University, Lock Drawer 351, Vermilion 

Tennessee Mr. H. B. Burwell, State Geologist, Division of Geology, Department 
of Conservation, G-5 State Office Building, Nashville 3 

Texas Dr. John T. Lonsdale, Director, Bureau of Economic Geology, The 
University of Texas, University Station, Box B, Austin 12 

Utah Mr. Arthur L. Crawford, Director, Utah Geological and Mineralogical 
Survey, College of Mines and Mineral Industries, Uiiversity of 
Utah, Salt Lake City 2 

VeriKuit Mr. diaries G. Doll , State Geologist, State of Vermont Development 
Commission, East Hall, University of Vermont, Burlington 

Virginia Mr. William M. McGill, State Geologist, Virginia Geological Survey, 
Box 1428, University Station, Oiarlottesville 

Washington Mr. Sheldon L. Glover, Si'pervisor, Division of Mines and Geology, 
Departnent of Conservation and Development, Room 404, Transportation 

• Building, Olynpia 

West Virginia Dr. Paul H. Price, State Geologist, West Virginia Geological and 
Economic Survey, P.O. Box 879, Morgantown 

Wisconsin Mr. E. F. Bean, State Geologist, Geological and Natural History 
Survey, Science Hall, Ihe University of Wisccmsin, Madison 

Wyoming . Dr. H. D. Hionias, State Geologist, The Geological Survey of Wyoming, 
Uiiversity of Wyoming, Laramie 



DIVISION OF SOIL SURVEY - BUREAU OF 
PLANT INDUSTRY USDA 

The status of agricultural soil map­
ping in the United States was presented 
in Highway Research Bulletm No. 22, 
"Engineering Use of Agricultural Soil 
Maps". Since this survey was complet­
ed additional areas have been mapped 
and field work has been initiated in 
other areas. The following tabulations 
were prepared by the Committee from 
information furnished by the Division of 
Soil Survey, Bureau of Plant Industry, 
USDA. 

The counties or soil areas in which 
soil surveys are m progress or have 
been completed are tabulated in Table 
No. 2. These areas are listed by 
States and where field work is m pro­
gress the party chief and soil correla­
tor has been includedfor ready reference 
purposes. 

The address of the soil correlator 
is given in Table No. 3 and it is sug­
gested that these men should be con­
sulted regarding specific details of 
mapping in these areas. In many cases 
they may be able to furnish the engineers 

withozalid copies of their field work that 
has been completed in the areas. They 
also are likely to have useful information 
regarding the soil profile descriptions 
of the map-units used to delineate the 
soils in the area mapped. They can 
pomt out the soil map-units which are 
most likely to contam sources of gran­
ular material for road building purposes 
and at the same time assist the engi­
neer in obtaining a better understandmg 
of their system of soil classification. 

Since Highway R e s e a r c h Board 
Bulletin No. 22 was published, a number 
of county soil maps listed as in progress 
have been published. Th6 new publica­
tions are listed in Table No. 4. It is 
recommended that this information, 
together with the information in Table 
No. 1, be used to revise your copy of 
Highway Research Board Bulletin No. 
22. 

The Committee will issue supple­
mental information circulars at intervals 
to call the engmeer's attention to new 
soil m^s completed or to areas in 
which soil mapping is in progress. 



TABLE 2 

.SOIL SimVEYS IN PBOGHESS OR COMPLETED IN PRESENT FISCAL YEAR 
DIVISION OF SOIL SURVEY, BUREAU OF PLANT INDUSTBY, USDA 

State County or Soil Area Party Oiief Soil Correlator' 

Alabama De Kalb County^ 
Lawrence Ownty 

G. A. Snenson^ M. J. Edwards 

California Madera Coonty 
Merced County 

L. K. Stranberg^ R. A. Gardner 

Colorado Delta-Montrose Area^ E. W. Knobel W. G. Harper 

Gsnnecticut Hartford County^ A. E. Shearin W. B. Lyford'' 

Florida Escambia County^ 
Hillsborough Co.^ 
Sarasota County^ 

J. H. Walker^ 

R. G. Uighty*" 

Hasty or Martin 

I . L. Martin 

Georgia FVilton County' 

Idaho Canyon Ownty^ M. S. Fosberg^ W. J. Leighty 

I ] 1inois Lawrence County^ 
Menard County' 
Will County' 

J. B. Fehrenbadwft^ 

P. T. ^fcale^ 

W. D. Shrader 

W. D. Shrader 

Indiana Fayette Oaunty* 
Puke CDunty* 

S. a Alfred^ 0. C Rogers 

Iowa Monona County' 
Shelby County' 

J. E. Mcaelland** 
J . E. McClelland'* 

W. a .<3irader 
W. D. Shrader 

Kansas Saline County' 
Webster Unit (Part Qsboine 0>.) ' 
Republic Co. (AllScandia I h i t ) ' 

C. H. Atkinson'* 
C H. Atkinsan*** 

W. H. Johnson 
W. H. Johnson 

Louisiana St. Mary Parish' S. A. Lytle"" Hasty or Martin 

Michigan Keweenaw County' 
Mackinac County' 
Montcalm Gonnty' 
Ckitonogan Cninty^ 
Sanilac Coonty' 

W. H. Cblbum^ 
W. H. Oilbim^ 

I . F. Schneider^ 

I . J. Nygard 
I . J . NygaH 

0. C. Rogers 

Minnesota Brown County^ 
Fillmore County' 
Mower Ownty' H. F. Ameoan^ I . J. NygaH 

{Mississippi Bolivar County' 
Coahona County^ 
DeSota County^ 
Sunflower County' 

C. C Morgan^ 

C. C. Morgan^ 
C. C Morgan^ 

Hasty or Martin 

I . L. Martin 
Hasty or Martin 

Missouri Boone County' 
Moniteau County' 

C. L. Serivner® 
J. A. ftieie^ 

W. D. Shrader 
I . L. Martin 

Montana Bitterroot Valley Area' W. C. Bourne'' 
Roosevelt Go. (Part Mo-Souris Proj.') A. J. Cline 

H. H. Williams 
H. H. Williams 

Nebraska BuffaloCa.(PartWood RiverProj. ') J. A. Elder>> 
Hall Co. (Part Wood River Proj . ' ) D. A. Yost 
Saunders County' T. E. Beesley 

H. H. Williams 
H. H. Williams 
H. H. Williams 
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TABLE 2 (continued) 

SOIL SURVEYS IN PROGRESS OR COMPLETED IN PRESENT FISCAL YE\R 
DIVISION OF SOIL SURVEY, BUREAU OF PLANT INDUSTOY, USDA 

State 

New Hampshire 

New York 

North Carolina 

North Dakota 

CSiio 

Oclahana 

Oregon 

Pennsylvania 

South Dakota 

Tennessee 

Texas 

Utah 

Virginia 

Washington 

Wisconsin 

Wyoming 

Party Oiief 

Roesllon Feuer^ 

Austin*" 

County or Soil Area 

Rockin^am County' 

Franklin County' 
Lewis County' 

Duplin County' 

Pasquotank County^ - -

Renville Co. (PartMo-SourisProj.') B. L. Matzek'' 

M. E. 
C S. 

E. F. 

Clark County'' 
Fairfield County' 

Oeek County^ 
Pawnee County' 

Douglas County' 

Potter'County' 

Brooking County' 
Hand Co. (Parfc f̂e^Oahe Ppoj.') 
Spink Co. (PartMo-OaheProj}) 

Blount County' 
Bradley County' 
FVanklin Countv* 
Houston County' 
Lawrence Ooonty' 
Marion County^ 
Maury County ,1 

J. E. Petro" 

H. M. Galloway'' 

A. C. Anderson 

K. V. Goodman 

F. & Weston S 
A. J. Klingelhoots'* 
F. C. Weston^ 

Joe Elder^ 
R. L. Flowers^ 

J. R. Overton® 

A. B. Harmon® 

I . C Mowery*" 

Soil Correlator* 

Lyford*" 

Cline or Lyford*" 
M. C. Cline'' 

Hasty or Lee 

C. A. Mogen 

0. C Rogers 

Harvev Obkes 
R. O Roberts 
W. R. Lyford*" 

C* A* Mogen 
C« A* Mogen 
C. A. Mogen 

L. R. Odera 
L. R. Odem 

L. R. Odem 

L. R. Odem 

H. H. Templin'' Brazos Cognty' 

Weber Area' (craitains potential irrigable lands in Weber, Davis, Morgan, aninit 
Cos., and S.E. Cor. Boxelder Co.) V. K. Hugie 

Beryl-Qiterprise Area^ 

Louden County' 
Norfolk County' 
Nottoway County^ 
Prince Edward County^ 

Island County^ 
Mason County 
Sliagit County' 

Grant County' 
Richland County^ 

Goshen County' 

G. H. Schafer 

H. C. Pbrter® 
E. F. Henery® 

W. G. Harper 
W. G. Harper 

Ligon or Cbenshain'' 
Edwards orObenshain'' 

R. H. Fowler® R. C. Roberts 
A. 0. Ness R. C. Roberts 

C H. Robinson I . J. Nygard 

C J. Fox Thorp or Johnson 

'See Table 3 for address of soil correlator. 

''state and Bareau 

®State 

'Soil Survey assignments for soomer of 1950 

^Soil survey la progress of publication 

^econnaisssnee map in progress of publication 
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TABLE 3 

SOIL CORREUTORS - DIVISIW OF SOIL SURVEY 

J. Kennetli Ableiter, Oiief Soil Correlator, BureRU of Plant Industry IHM 
Beltsville, Maryland 

Northern States - Connecticut, I l l i no i s , Indiana, Iowa, Maine, Maryland, Massachusetts, Michigan, 
Minnesota, Missouri (north of Missouri Rivpr), MissisRippi, New Hampshire, 
New Jersey, New YorL, Ohio, Pennsylvania, Rhode Island, Vemont, West Virginia 
and Wisconsin 

Guy D. 9nith, Principal Soil Correlator, Nortlicrn States, IJBDV Bureau of Plant Industry, Beltsville, 
Maryland 

0. C. Rogers, Senior Soil Correlator, East Midwestern States, IJSM Burrau of Plant Industry, Beltsville, 
Maryland 

Iver J. Nygard, Senior Soil Ciorrelator, Nortlem Lake States, Div. of Soils, Agricultural Experiment 
Station, IkiiversJty Farm, St. Paul 1, Minnesolr 

W. D. Schrader, Soil Correlator, West-Midweatem States, Department of Soils, University of Missouri, 
Columbia, Missouri 

fi. C. d ine . Agent (correlatioii) New York, Departrent of Agronomy, Cornell Uiiversity, Ithaca, 
New York 

W. H. Lyford, Agent (correlation). Northeastern States, Department of Agronomy, College of Agriculture, 
Durham, New Hampshire 

Southern States - Alabana, Arkansas, Florida, CeoTgia, Kentucky, Louisiana, Missouri (south of Missouri 
River), Mississippi, North Carolina, South Carolina, Tennessee and Virginia 

W. S. Ligon, Principal Soil Oirrelator, Southern States, 508 New Stiranl.le Biilding, c/o TVA 
Knoxville, Tennessee 

1. L. Mnrtin, Senior Soil Correlator, (same address as listed above) 
M. J. Edwards, Senior Soil Correlator, (same address as listed above) 
L. R. Odem, Soil Correlator, Southern States, (saire address as listed above) 
A. H. Hasty, Soil Correlator, (same address as listed above) 
S. S. Obenshain, Agent (correlation), Virginia Departnent of Agronony, Virginia Agricultural Experiment 

Station, Blacksburg, Virginia 

&eat Plains States - Olcrado (east of Omtinental Divide), Kansas, Montana, Nebrt-ska, North Dakota, 
Oklahoma, South Dakota, Texas and Wyoning 

James Thorp, Principal Soil Correlator, (Jreat Plains States, 204 Nebraska Hall, Uiiversity ofNebraska, 
Lincoln 8, Nebraska 

B. H. Williams, Senior Soil 0>rrelator, Northern Great Plain States, (sane address as listed above) 
C. A. Mogen, Soil Correlator, Northern Great Plains States, (same address as listed above) 
W. M. Johnson, Soil Correlator, Northern Great Plains States, (same address as listed above) 
R. H. Tenplin, Senior Soil Correlator, Southern Great Plains States, Texas Agricultural Experiment 

Station, College Station, Texas 
Harvey Qales, Soil Correlator, Southern Great Plains States, (same address as listed above) 

for Ifcstern States - Arizona, California, Colorado (west of Cmtinenul Divide), Idaho, Nevada, 
New Mexico, Oregon, Utah and Washington 

R. C. Robrrts, Principal Soil Correlator, Far Western States, 322 Woolsey Building, 2168 Shattuck 
Avenue, Berleley 4, O l i f o m i a 

Fx. A. Gan'iier, Senior Soil Corn I>itor, Central Far Western States, (same address as listed above) 
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TABLE 3 (cont inued) 

SOIL OORRELAimS - DIVISION OF SOIL SURVEY 

W. J . Leighty, Soil Carrelator, Northetn Far Western States, 322 Woolsey Building, 2168 Shattuck 
Avoiue, Berkeley 4, Cali fornia 

G. M. Schaefer, Soil Osrrelator, Northern Far Western States, (same address as l isted above) 

W. G. Harper, Senior Soi l Correlator, Southern Far Western States, US Sal inity Laboratory, P. 0. 
Box 672, Riverside, California 

TABLE 4 

AGBIOULIVRAL S O I L BULLEHNS AND MAPS PUBLI91ED SINCE HIGHWAY RESEARCH BOARD 
B U L U T I N NO. 22 WAS ISSUED IN 1949 

State County or Area UEDA State County or Area USDA 
Rating Rating 

Georgia Qiandler County (1) New Hampshire Qiesire County (1) 

Uiion County (1) Sullivan County (1) 

Indiana St. Joseph Omnty (1) North Carolina Jackson County (1) 

IcMfU (1) 
Transylvania County (1) 

IcMfU Tama County (1) 
Transylvania County (1) 

Michigan Midland County (1) Ok^gon Astoria County (1) 

Minnesota Rock Coaaty (1) Tennessee Cumberland (bounty (1) 

SOIL CONSERVATION SERVICE - USDA 

The Committee on Surveying and 
Classifying Soils In-Place fo r Engineer­
ing Purposes prepared the following 
information f r o m material obtained 
f r o m the Soil Conservation Service of 
the USDA. I t is the opinion of the 
Committee that since a large number of 
the States are using the county agricul­
tural soil maps, i t would be desirable 
to cal l to the attention of the engineer 
another source of soil information which 
is s imi lar in many respects to that 
found in the county soil buUetuis. 

In areas not covered by county soil 
maps there are l ikely to be detailed soil 
maps prepared by the Soil Conservation 
Service fo r individual farms. The same 
system of soil classification as used fo r 
county soil maps is used in makmg 
these detailed soil maps fo r fa rms. 
Therefore, this information can be used 
m a s imilar manner in airphoto soil 
mterpretation. This p r a c t i c e w i l l 

minimize the f i e l d checks usually r e ­
quired fo r estimating the engineering 
significance of airphoto soi l patterns 
occurring m the area. 

In many areas large parts of coimties 
listed as not having a covmty soil map 
(see Highway Research Board Bulletin 
No. 22 f o r status of coimty soi l m ^ i n g 
in the United States) may be mapped on 
a f a r m basis. These individual f a r m 
soil maps, together with the description 
of soil series and the soil key developed 
f o r correlating the soils fotmd in the 
area w i l l furnish the engineer with a 
useful source of terra in information f o r 
estimating soil conditions inthe inter-
f a r m areas f r o m airphoto soil patterns. 

The type of f a r m soil maps used f o r 
land classification by the Soil Conserva­
tion Service is indicated in Figure 2. 
The soil scientist usually can furnish 
the engineer with other detailed in for ­
mation useful f o r making his engmeering 
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survey of the area. Information on 
nomenclature, soi l prof i le characteris­
t ics of the map-units, the type of parent 
material f r o m which each soil series is 
derived, and the internal drainage of the 
soil in place usually can be obtained 
f r o m the soil scientist working in the 
area. 

The extent of f a r m m o p i n g m the 
United States is shown the map 
contained in the pocket located on the 
back page of this Bulletin. In the areas 
shown in red the regional or State soil 
scientists l isted in Tables 5 and 6 
should be helpful. I t is suggested that 
the engineer consult his regional or 

State soil scientists because they can 
often refer him to one of the distr ict 
soi l scientists who is working in the 
area where additional soil information 
is needed. 

Another use of this f a r m soil map 
information is in counties or areas 
which have been mapped by reconnals -
sance soil survey methods or in which 
the nomenclature or specification of the 
map-units have been revised since they 
were published. The soil scientist 
usually can furnish the correlation 
between the older and the new map-units 
developed f o r mapping such areas. 

TABLE 5 

TABULATION OF REGIONAL SOIL SCIENTISTS BY STATES AND REGIONS 

Region 

1. Northeastern Region 
H. R. Adams 
6816 Market Street 
Upper Darby, Pennsylvania 

2. Southeastern Region 
G. L . FalUr 
Montgoniery Building 
199 North Oiurch Street 
Spartanburg, South Carolina 

3. Upper Mississippi Region 
A. H. Paschall 
434 N. Plankintoii Avenue 
Milwaukee 3, Wisconsin 

4. Western Gulf Region 
R. M. Marshall 
(P. 0. Box 1898) 
3S00 aebume Road 
Fort Worth 1, Texas 

5. Northern Great Plains Region 
R. 0. Lewis 
(P. 0. Box 713) 
Post Office Building 
Lincoln 1, Nebraska 

6. Southwestern Region 
M. R. Isaacson 
(P. 0. Box 1348) 
222 East Central Avenue 
Albuquerque, New Mexico 

7. Paci f ic Region 
S. W. Cosby 
Svan Island 
Portland 18, Oregon 

States within Region 

Maine, New Hampshire, Vetmont, 
Massachusetts, Connecticut, Rhode 
Island, New York, Pennsylvania, New 
Jersey, Maryland, Delaware, Vest Virginia 

Virginia, North Carolina, 
South Carolina, Georgia, 
Florida, Alabama, Mississippi, 
Tennessee, Kentucky, 
Puerto Fiico 

Ohio, Indiana, 
I l l i n o i s , Missouri, 
Iowa, Minnesota, 
Wisconsin, Michigan 

Texas 
Oklahonia 
Arkansas 
Louisiana 

Montana, Wyening, 
North Dakota, South Dakota, 
Nebraska, Kansas 

Arizona 
New Mexico 
Colorado 
Utah 

Washington, Oregon, 
Idaho, Nevada, 
California, 
Alaska, Hawaii 
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TABLE 6 

TABULATION OF S O I L SCIBTTISTS BY STATES 

i4{a6aaa - Miles E . Stephens, Land Use Building, Alabama Polytechnic Institute, Auburn 
Arizona - Roger D. Headley, Agricultural Experiment Station, Ih ivers i ty of Arizona, TXicsoo 
Arkansas - Marvin Lowson, Agricultural Experiment Station, Uxitrersity of Arkansas, Fayetteville 
California - Leonard R. Wohletz, IS Shattuck Square, Addison Building, Berkeley 
Colorado - E . Milton Payne, 202 Agronony Building, Colorado Agricultural bperiment Station, Fort 

Coll ins 

Connecticut - G. A. Quakenbush, New Jersey Agricultural Experiment Station, Ne* Bnmswick, New Jersey 

(Mr. Quakenbush i s State Soul Scientist in both Connecticut and New Jersey.) 

Delouare - M. F . Hershberger, Maryland Agricultural Experiment Station, College Park, Maryland 

(Mr. Hershberger i s State Soil Scientist in both Ofeleware and Maryland.) 

Florida - 0. C Lewis, Sut l ) Bulding, 129 South Pleasant Street, ( ^ e s v i l l e 

Georgia - Richard R. Corel 1, Old Post Office Building, Athens 

Idaho - C. F . Parrott, 106 Morrill Hal l , Ihiversi ty of Idaho, Moscow 

Illinois - A. A. Klingebiel, Agricultural bperiinent Station, Ui ivers i ty of I l l i n o i s , Urbana 

Indiana - T. G Bass, Lafayette Loan and l ^ t Building, Main Street, Lafayette 

Jova - Byrcn A. Barnes, Hoan 2, Landscape Architecture Building, Iowa State College, Ames 

Kansas - Claude L . F l y , Agricultural &q>erinent Station, Manhattan 

Kentucky - W. W. Carpenter, tXidley School Building, Lexington 

Louisiana - D. L . Fcntenot, Postal Annex, Alexandria 

ifaine - J . Stewart Hnrdesty, The Maples Building, Uiiversity of Maine, fltono (Mr. Hardesty i s State 
Soil Scientist in both Maine and New Hampshire.) 

Maryland - M. F . Hershberger, Maryland Agricultural Experiment Station. College Park 
Uassachixsetts • ^faltague Horerd J r . , Agricultural Experiment Station, Ih ivers i ty of VeimontBurlington 

(Mr. Howard i s State Soi l Scientist in Massachusetts, Fbode Island, and Venscnt.) 

Michigan - O A . Bigberg, Michigan State College of Agriculture, East Lansing 

Minnesota - Alex S. Robertson, Agricultural Experiment Station, Ifaiversity Farm, St . Paal 8 

Mississippi - D. T. Webb, Mississippi Agricultural Experiment Station, State 0>llege 

Missouri - Harold E . (Srogger, Post Office Building, 6th end Oierry Streets, Columbia 

Jfentona - Dave R.Cowlfield, Montana Agricultural Diperiment Station, Bozanan 

Nebraska - Lloyd E . Mitdiel l , Conservation and Survey Section, Ihivers i ty of Nebraska, Lincoln 

Nevada - . . . -

Nev Hampshire - J . Stewart Hardesty, The Maples Building, Ihivers i ty of Maine, Orono, Maine (Mr. 

Hardesty i s State Soil Scientist in both Maine and New Haii()shire.) 

Nev Jersey - Q. A. (>iakenbush. New Jersey Agricultural bperiment Station, New Brunswick 

New Mexico - H. J . Maker, New Mexico Agricultural Experiment Station, State College 

Nev York - Arnold J . Bour, New York Stote (College of Agriculture, Cornell l i i iveristy , Ithaca 

North Carolina - W. W. Stevens, 1911 Dormitory, State College, Raleigh 

North Dakota - Lloyd Shoesoiith, North Dakota Agricultural Experiment Station, Fargo 

Oliio - H. H. Morse, 316 Rowlands Building, 12 Nortli Hiird Street, Columbus 15 

Oklahoma - Louis E . Derr, Agronomy Department, Oklahoma A and M CoUege, Sti l lwatci 

Cregon - HiUiam W. H i l l , Agricultural Experiment Station, Oregon State College, Corvall is 

Pennsylvania - F . G. Loughry, Agriculture Building, Pennsylvania State College, State (College 

Bhode Island - Montague Howard J r . , Agricultural Experiment Station, Ihivers i ty of Vermor.t, 
Durlington.VenKHit (Mr. Howard i s State Soil Scientist in Massachusetts, Rhode 
Island, and Vermont.) 
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TABLE 6 (continued) 

TABULATION OF SOIL SCIENTISTS BY STATES 

South Carolina - P. H. Montgomery, Federal Land Bank Building, 1401 Hampton Street, Columbia 

South Dakota - - - - -

Tennessee - Nathan I . Brown, 1123 Qiurch Street, Nashville 

Texas - James D. Simi>son, Texas Agricultural Experiment Station, College Station 

Utah - D. F . Trusse l l , Utah Agricultural Experiment Station, Logan 

Vermont - Montague Howard, J r . , Agricultural Experurent Station, University of Vermont, Burlington 

Virginia - R. E . Devereux, Bieart Building, Jackson and Main Streets, Blacksburg 

Hbshington - Warren A. Starr, Box 508, Agricultura] Experiment Station, Pullman 

West Virginia - Boyd J . Patton, Agricultural Experiment Station, West Virginia Universit>, Morgantown 

Ifisconsm - William DeYoung, State Farm Insurance Building, 2702 Monroe Street, Madison 

H^OBing-- Harold Bindschadler, 207 Grand Avenue, Laramie 
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A SYSTEM FOR DESIGNATING MAP-UNITS 
ON ENGINEERING SOIL-MAPS 

Donald R. Lueder, Research Engmeer ^ 

INTRODUCTION 

In recent years, soi l surveys have 
gained wide acceptance as a useful, 
and often necessary, phase of highway 
engmeermg. Considerable attention 
IS now bemg concentrated on the problem 
which these large scale surveys have 
created, namely that of providing means 
by which the results of a survey can be 
effectively disseminated f o r intelligent, 
practical use. 

The soil-map has proved to be a 
part icularly suitable means f o r such 
dissemination. The simplest so i l -
maps merely delineate soi l areas. The 
most effective soil-maps, however, also 
tend to describe conditions within the 
soil areas. This self-descriptive 
quality necessitates a logical conversion 
of soi l information into map-units or 
designations. Such an operation is 
always d i f f icu l t , sometimes cr i t ica l ly 
so. The inclusion in a map-unit of a l l 
the varied soil information which is 
ordmari ly available yields only a hodge­
podge of data. Yet, m ^ - u n i t s which 
contain only single groups of facts, such 
as geology or laboratoiy test results, 
do not give a sufficiently complete 
picture of the soil and its environment. 
The feasible methods l ie between these 
two extremes. 

One such method, which this paper 
describes, is based upon an ini t ia l 
selection fo r emphasis, of certain 
important items of soil information 
which are then converted into map 
designations according to a logical 

Joint Highway Research Project, New 
Jersey State Highway Department and Rutgers 
University, The State University of New 
Jersey, in cooperation with The United States 
Bureau of Public Roads. 

system which satisfies a number of 
practical c r i te r ia . The system has been 
developed f o r use in the preparation of 
an engineering soil map of New Jersey, 
a project which is under the jomt spon­
sorship of the United States Bureau of 
Public Roads, the New Jersey State 
Highway Department and Rutgers Uni­
versi ty, the State University of New 
Jersey. The Joint Highway Research 
Committee, which has ^ p r o v e d the 
report, feels that the system offers 
definite advantages. However, i t 
realizes that changes may be desirable. 
Therefore, i t believes that this report 
should be considered as a proposal, 
presented fo r the study, comment and 
revision of other organizations which 
are confronted with the so i l -mop ing 
problem. 

SUNDklARY OF PEDOLOGICAL 
CONCEPTS 

During the last ten years, certain 
pedological concepts concerning soils 
and soil-development have been accepted 
and utilized by the highway engineering 
profession. According to a fundamental 
concept, soi l is a natural, unconsoli­
dated body of variable depth, d i f ferent i ­
ated mto horizons which are composed 
of mineral and organic constituents, 
and which dif fer f r o m the parent mater i ­
al in certain important respects. Other 
important concepts assert that the 
development of this natural body is a 
result of physical and chemical weather­
ing processes; that these processes are 
a function of certain coexistent, inde-
1 This definition is derived from a more ex­
act and inclusive definition by Joffe. (/) 
ItsI icized numbers in parenthesis refer to bib­
liography at the end of this paper. 
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pendent variables; and that the resulting 
development in depth, i . e . the soil 
p rof i le , reflects both chemically and 
physically, the combined influence of 
such variables. The variables may be 
listed as: 2 

1. Climatic factors under which 
weathering has progressed (mainly 
precipitation and temperature). 

2. Parent formation f r o m which 
soil is derived. 

3. Time that parent formation 
has been subjected to weathering. 

4. Topographic position at which 
weathering has occurred. 

5. Biotic factors under which 
weathering has progressed. 
Any detailed discussion concerning 

the interplay of these pr imary variables 
and their effect upon soil-development 
IS beyond the scope of this paper. ^ I t 
IS necessary only to review the char­
acteristics of a soil-prof i le which reflect 
such an interplay. The proposed system 
of map-units has been developed in 
connection with a single type of such a 
prof i le . This prof i le is typical of those 
developed under forest or meadow 
vegetative cover, tq>on any type of 
parent material , under ranges of pre­
cipitation and temperatures which are 
characteristic of humid-tenq)erate to 
humid-cool climates. I t almost i n ­
variably consists of three general 
horizons 4 (Fig. 1): 

1. A-horizon - often called the 
top-soil . This horizon mcludes 
sur f i c ia l , organic accumulations, 
together with a depth of soil which 
has been subjected to weathering 
f o r the longest t ime. Many of the 
fine materials produced in this 
horizon by the processes of weather-

2 Indicative of references which discuss the 
pr imary variables in detaU, are Jolfe (/) and 
Jenny (2). 

3 For such a detailed discussion, see Jenny 
(2). Insofar as they are pertinent, brief con­
siderations of climate, parent material , posi-
Uon and time are included In a discussion of 
the proposed system which fo rms the latter 
part of the presentation. 

* For an excellent discussion of pedology and 
the history of pedology, see Joffe ( / ) . 

ing have been subjected to a downward 
leachmg action, leavmg a generally 
sil ty residue. 

2. B-horizon - a zone beneath 
the A-horizon which is composed of 

CLIMATE-humid temperate - humid cool 
C O V E R - forest and meadow 
RftRENT FORMATION-any 

'Horizon 

B 

Horizon 

C 
Horizon 

.Organic material 
Fines removed downward leav­
ing generally silty residue 

Accumulation of fines from 
above - relatively compact, 
plastic, colloidal 

Relatively unweathered - passes 
into bedrock or unconsolidoted 
material 

F i g u r e 1. Diagranmatic Weathered P r o f i l e 

those weathered materials produced 
m the horizon i tself , supplemented by 
an accumulation of residue leached 
f r o m the A-horlzon. Due to the 
lodging of these transported fines, 
the B-horizon is relatively (within 
the prof i le) compact, plastic, and 
colloidal. 

3. C-horizon - a relatively un­
altered horizon which is often char­
acterized by a high percentage of 
rock fragments, and which passes 

^This horizon is usually called the parent 
material . However, there seems to be some 
disagreement over the meaning of parent 
material . This is especially true f o r res id­
ual soils. Some opinion considers the bed­
rock as the true parent material , while other 
opinions characterize the rotten layer just 
above bedrock as the parent material. Jenny 
{2) defines the parent material as "the in i t ia l 
state of a soi l system". This appears to t>e a 
wise definition. In this paper, the parent 
material refers to the material f r o m which 
the significantly altered horizons develop, 
i . e. rock plus rotten rock in the case of 
residual soils. 
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into unweathered bedrock or trans­
ported formations. 

SOIL CLASSIFICATION AND SOIL 
SURVEY 

The highway engineer has been i n ­
terested f o r some time in the formula­
tion of a practical system fo r soi l 
appraisal which w i l l incorporate the 
factors that bear directly upon his 
problem. The in i t i a l effor ts to f o r m u ­
late such a system have centered around 
the development of laboratory classi­
fication systems. Most of these systems 
have differentiated soils on the basis of 
their physical laboratory indices. Soils 
having s imi lar indices have then been 
grouped together. The points of s m i i -
la r i ty have, of course, depended upon 
the purpose and comprehensiveness of 
the system. In a l l cases, however, the 
correlation of indices with f i e l d s o i l -
behavior has enabled the systems to be 
used with considerable success. 

In the majori ty of these systems, 
the classification tests are performed 
on the soi l in a h i ^ l y disturbed, or at 
least removed, state. Because of this , 
a most important factor which might be 
termed the "factor of environment", is 
disregarded. Many engineers can 
test ify that soils with almost identical 
test constants and classifications may 
react quite differently in the f i e ld , even 
if subjected to equal t r a f f i c volumes and 
loads acting upon s imilar structures. 
The essential reason fo r these d i f f e r ­
ences in performance is that the soils 
are characterized by different natural 
environments. The effect of such fac­
tors as parent material , topographic 
position, prof i le development, etc. have 
caused internal modifications which are 
significant insofar as the engineering 
characteristics of the soils are con­
cerned. Realizing this, many engineers 
are convmced that soils must be con­
sidered in relation to their environment, 
and that areal studies of In-place con­
ditions are particularly valuable. 

To this end, many State highway 
departments have instituted soil surveys 
which are designed to classify soils, 
not only by means of their physical 

indices, but a l ^ according to their 
position in the terrain. A recent survey 
has indicated that some 28 States require 
detailed soil-surveys pr ior to the con­
struction of high-type roads. ^ These 
surveys are based upon the reasonable 
assumption that "soils having s imilar 
prof i les (and environments) require 
s imi lar engineering treatment . . . 
and occur in s imi lar types of land­
scape". 7 Many variations in the method 
of soil-survey are now in use (see 
reference below), and improvements in 
technique are constantly being reported. 
I t is reasonable to assume that these 
improvements, together with t ime-sav­
ing methods such as airphoto inter­
pretation, B w i l l tend to increase the 
accuracy, scope, and comprehensive­
ness of such procedures. 

ATTRIBUTES OF MAP-UNIT SYSTEMS 
FOR SOILS 

Although the methods of accomplish­
ing the soil-survey are many in number, 
the systems used to present the acquired 
information in the f o r m of usable so i l -
maps are even more variable. If soi l 
surveys are to increase in number and 
extent, and if the highway engineering 
profession is to derive maximum benefit 
f r o m the assembled information, i t 
appears highly desirable, if not imper­
ative, that some standardized system of 
map-units be devised. Much of sc i ­
ence's progress has occurred because 
qualified specialists have been able to 
discuss their problems and techniques 
with reference to well-established, 
widely accepted bases of classification. 
Thus, the pedologists have the Glinka 
soil classification, the climatoligists 
have the Koppen notation, the geomor-
phologists have the Davis nomenclature, 

6 See reference (4). Discussions of some 
representative methods can be found in re f ­
erences (5), (6), (7), (8), (9) and (10). 

^ Brackets are the wr i t e r ' s . 

B Excellent discussions relating to the a i r ­
photo method can be found in references (/1), 
ilZ), (13) and{i4). 
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etc. I t is believed that the effective 
interchange of ideas, and the progress of 
discussion, comparison, and research 
in the highway f i e ld , w i l l be facil i tated 
to a significant degree by the adoption 
of a standardized system of m ^ - i m i t s . 
I t is almost certain that such a system 
w i l l facili tate the exchange and dissem­
ination of constructional ejq)eriences 
and techniques. 

Before discussing any particular 
type of map-unit system, i t appears 
desirable to investigate those charac­
terist ics of a system which w i l l make 
i t effective in the preparation and use 
of engineering soil-maps. The fo l low­
ing attributes are suggested as being a 
minimum: 

1. Simplicity - The system should 
be relatively easy to learn, remem­
ber, apply and interpret. This 
should not imply that the learning be 
accomplished without ef for t , but 
rather that the effor t should be jus­
t i f ied by the benefit derived. 

2. Conciseness - The system 
must provide concise identifications 
to satisfy the requirements of s im­
pl ic i ty , and allow small areas to be 
properly labelled. 

3. Talkability - The map-units 
must be of such nature that they can 
be used in conversation, research 
and publication. I t is comparatively 
easy to devise a complicated code 
which w i l l allow fo r every variable 
within a given soil-occurrence, but 
such a system defeats i ts purpose 
because i t cannot be thought of and 
used as an entity. 

4. Uniformity - Identical map-
units should be provided f o r soils 
which are identical withm the l imi t s 
of the system. 

5. Informativeness - The map-
units should convey enough informa­
tion concernmg a soil area to allow 
an immediate rough evaluation of the 
soil 's environment, major properties 
and f i e l d characteristics. 

6. Reproducibility - The system 
should be adaptable to easy, rapid, 
economical reproduction on common 
highway base-maps. Colors and 
complicated patterns, while an aid, 
should not become a necessity. 

Each of the above attributes imposes 
severe restrictions upon any attempts 
to devise a satisfactory system of map-
units. Probably the most troublesome 
requirements are those which relate to 
conciseness and informativeness. I t is 
d i f f icul t to conceive of a system which 
provides brief symbols that, neverthe­
less, convey a considerable amount of 
information. For instance, if one were 
asked to l i s t those soil-characteristics 
which are desirable in a map-imit 
system, the following enumeration might 
result: 

1. Climatic influences and cor re­
sponding prof i le type 

2. Origm of parent formation 
3. Type of parent formation 
4. Physical characteristics of 

parent formation i f consolidated: 
a. Hardness (and other engi­

neering properties) 
b. Orientation 
c. Structure 

- d. Depth below surface 
5. Land f o r m 
6. Existence and characteristics 

of a significant underlying formation 
7. General characteristics of the 

developed soil prof i le : 
a. Number of horizons 
b. Depth of horizons 
c. Predominant physical char­

acteristics of each horizon 
d. Predominant mineralogical 

characteristics of each horizon 
(especially with regard to clay 
minerals) 

e. P r e d o m i n a n t chemical 
characteristics of each horizon 
8. Predominant existing drainage 

conditions 
9. Associated engineering so i l -

problems 
The mclusion of the above information 

m a mappmg system which could also 
be characterized by the properties of 
simplici ty and conciseness, presents 
diff icult ies which are obvious. There­
fore , i t is necessary to eliminate some 
of the listed factors. To preserve 
simplici ty , conciseness, etc. and f o r 
various other reasons, most of which 
are indicated in the latter portion of the 
paper, a l l but the following factors 
have been eliminated in the proposed 
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system: 
1. Origin of parent formation 
2. Type of parent formation 
3. Land f o r m (for transported 

materials only) 
4. Existence of prof i le contrast 
5. Texture of important horizons 
6. General drainage conditions 
7. Underlying materials (where 

important with regard to construc­
tion) 

8. General engineering problems 
(by interpretation) 
The mapping system hereafter de­

scribed attempts to convert the above 
soil- information into a logical system 
of map-units. The system has been 
developed during the last two years f o r 
use in the preparation of an engineering 
soil-map of New Jersey. Using a i r ­
photo interpretation, supplemented by 
f i e l d , laboratory and reference work, 
the system has been experimentally 
applied to date over an area of some 
1900 square miles. The parent f o r m a ­
tions included within this area are of 
sedimentary, igneous, metamorphic, 
glacial , marine and alluvial origin. 
The residual soils have been derived 
f r o m shale, limestone, conglomerate, 
sedimentary complexes, basalt, diabase 
and gneiss. The non-residual soils have 
been derived f r o m glacial ground mo­
raines, terminal moraines, outwash, 
kames, eskers, terraces, and lacus­
tr ine areas, as wel l as f r o m old d r i f t 
(pre-Wisconsin); f r o m old and recent 
al luvium; and f r o m marine deposits of 
sand, s i l t s , and clays. The basis f o r 
the inclusion of laboratory classif ica­
tions is a f i l e of test results on some 
450 sample profi les . 

The system w i l l be described br ie f ly , 
and without elaboration, in the next few 
pages. I t w i l l then be discussed in more 
detail. I t is hoped that the description 
and discussion w i l l be read with the 
following points in mind: 

1. The method described has 
been used with , and is part icularly 
adj^table to, the techniques of a i r ­
photo interpretation. 

2. The method described is based 
upon humid-temperate to humid-cool 
climatic conditions. This does not 
invalidate the general technique f o r 

other climatic regions. I t merely 
indicates that certain changes must 
be made within the framework of the 
whole. 

3. The method described is of 
particular benefit when the soil-map 
is supplemented by a companion 
descr4>tive bulletin vi^ich, f o r each 
area, w i l l include information not 
presented by the map-unit, as wel l 
as an amplification of the map-unit 

PROPOSED SYSTEM OF MAP-UNITS 
FOR SOILS 

Climate - A consideration of climate is 
included In the discussion. 

Origin of Parent Formation - The soils 
of any area which are to be identified 
by m ^ units are f i r s t classified as: 

1. Residual soils - derived f r o m 
consolidated parent formations 

2. Non-residual (transported) 
soils - derived f r o m imconsolidated, 
or very weakly consolidated, mate-
erials 
Residual soils are then differenti­

ated, according to the or igin of their 
parent formations, into the three geo­
logic classes, each class being identi­
f i ed by an appropriate captial letter: 

1. Sedimentary - S 
2. Igneous - I 
3. Metamorphic - M M 

In a parallel fashion, the non-residual 
soils are differentiated according to the 
origin of their parent formations into 
the four geologic classes 9: 

1. G l a c i a l - G 
2. AUuvial - A 
3. Windblown - W 
4. Marine - M 

Type of Parent Formation - Residual soils 
are differentiated according to the 
lithological character of the parent 
formation, L e . shale, limestone, 
granite, gneiss, etc. Each of these 
lithological types is identified by a 
characteristic lower-case letter such 
as limestone ( I ) , sandstone (s), shale 

9 I t may l>e desirable to include the coUuvial 
category (C) In some areas. 
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(h), granite (g) and gneiss (g). When 
these letters are combined with the 
proper letters of or igin, characteristic 
symbols result - SI (limestone), Ss 
(sandstone), Sh (shale), Ig (granite) 
and MMg (gneiss). 

the degree of contrast within a soil 
prof i le is a relative t e rm insofar as 
engineering is concerned. I t is indicated 
by significant differences in the engi­
neering properties and/or problems 
associated with different horizons within 

RESIDUAL SOILS 
(ctenvsd frofit consoli doted porwit fonnotions} 

NON-RESDUAL (tramported) SOILS 
(donved frani unconsobdotsd pcrait forimtions) 

a) 

(Sh) 
I 

Oa) 
I 

lid) 

an 

-(M«H) 

Khiat 
mux) 

racant 
WO 

o M 
(AO) 

OS t o o g t 

toi 
(AF) 

itle -undffwitntod 

il l) 

I 
ate 

HI CM) 

I 

taUSMM) 

m 
I 

loaas 
(WL) <a 10 kndlOnn M) 

F i g u r e 2. O r i g i n and Type o f Parent Formation 

Non-residual soils are differentiated 
according to their types of landform. 
Each of these landform types is iden­
t i f i ed by a characteristic letter or 
letters, such as groimd moraine (M), 
marginal moraine (MM), outwash plain 
(O), dunes (D), and fan (F). When these 
letters are combined with the proper 
letters of or ig in , characteristic sym­
bols again result - GM (glacial ground 
moraine), GMM (glacial marginal mo­
raine), GO (glacial outwash plain), WD 
(windblown dunes), AF (alluvial fan). A 
master diagram, showing the general 
nature of these divisions together with 
the appropriate symbols, is shown in 
Figure 2. 

Land form - A consideration of land f o r m 
is included in the discussion of the 
proposed system. 

Degree of Contrast Vithin the Profile -
As w i l l be explained in the discussion. 

the same prof i le . I t is indicated in the 
following mannen 

1. Soil profi les with significant 
contrast (with regard to highway 
construction problems - The capital 
letter "C" i s placed behind the proper 
origin-type combination. Thus, in 
Figure 3, GMC and IgC both indicate 
soils whose profi les exhibit sufficient 
difference between their B and C-
horizonsto create different engineer­
ing problems f o r each horizon. 

2. Sou profi les with litUe con­
trast - The capital letter "C" is 
merely omitted. In Figure 3, GM 
and Ig both Indicate soils whose 
profi les exhibit l i t t l e or no effective 
engineering differences between B 
and C-horizons. 

Textural Nature of Profile - Estimation 
of Laboratory Indices - The general 

textural nature of the p rof i l e , and an 
indication of the associated laboratory 
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test-constants, are indicated by one or 
two numbers. Each number represents 
a textural and physical class, as es­
tablished by the Highway Research 

the map-unit refer to the effective 
texture of the prof i le (usually the C-
horizon in unconsolidated materials). 
As shown in Figure 4, soils qualified 

I S O I L - P R O F I L E S WITH SIGNIFICANT 
CONTRAST-

Use capital letter 'C° after proper 
origin - type combination 

Examples GMC, IgC, etc 

2 S O I L - P R O F I L E S WITH L I T T L E 
CONTRAST 

Do not use capital letter °C" otter 
proper origin-type combination 

Examples 6M, Ig, etc 

Figure 3. E x i s t e n c e o f P r o f i l e C o n t r a s t 

Board. 10 These group classifications, 
together with the analogous classifica­
tions incorporated in the proposed sys­
tem, are shown in Table 1. 

I t is seen that the group-subdivisions 
fo r A - 1 , A-2 and A-7 have been r e ­
placed by a single number in the pro­
posed system. This has not been done 
in an attempt to better reflect the 
characteristics of the soi l , but rather 
to meet the requirements of s implici ty 
and conciseness. A fur ther considera­
tion of this matter w i l l be found in the 
discussion. The numbers indicate the 
nature of the prof i le according to the 
following method: 

1. Soils exhibiting a significant 
contrast - The one or two numbers 
in the m ^ - u n i t refer to the texture 
of the B-horizon (of the material m 
predominant topographic position or 
positions). 

2. Soils exhibiting an msignificant 
contrast - The one or two numbers in 

See reference ( /5) . It is to be noted that 
any simple, numerical system may be used 
m the proposed method. 

I S O I L - P R O F I L E S WITH SIGNIFICANT 
CONTRAST-

Textural number, or numbers, refer to 
tt>e B-Horizon 

Examples GMC-6 and Igc-6 hove B-
Horizons in the A-6 category and 
trie C-Horizons hove iigtiter textures 

2 S O I L - P R O F I L E S WITH L I T T L E 
CONTRAST-

Textural number, or numbers refer to 
ttie effective texture of ttie B and C 
Horizons I 

Examples GM-6 and Ig-6 possess B 
and C Horizons, both of which may 
be treated as A-6 soils for engine­
ering purposes 

Figure 4. I n d i c a t i o n of P r o f i l e - T e x t u r e 

with a " C " , indicating significant con­
trast, possess numbers which refer to 
the texture of the B-horizon where con­
ditions are likely to be at their worst. 

TABLE 1 

INDICATION OF TEXTILE IN PROPOSED SYSTIM 

HBB imB 
Group Group 

Snbdi-
T 1 8 1 0 D 

General 
Nature 

of 
Material 

A-1 A-l -a Stone fragments, 
A - l - b graTel and sand 

A-2 A-2-4 S i l t y to clayey 
A-2-5 gravel and sand 
A-2-6 
A-2-7 

Analogous 
Number 

in Proposed 
System 

1 

A-3 

A-4 

A-5 

A-6 

Fine sand 

S i l t y 

S i l t y ( e las t i c ) 

Clayey 

A-7 A-7-5 Clayey (c las t i c 
A-7-6 with high 

•olome changes) 
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In these cases, the C-horizon can 
usually be safely considered as being 
lighter m texture. Map-units lacking 
the qualifying "C" possess numbers that 
refer to the effective texture of the B 
and C-horizons; these horizons being 
essentially s imi lar f o r engineering 
purposes. 

Drainage Condition • By interpreting the 
complete map-unit, the Internal drain­
age potential, the capillary potential and 
the height of the ground water-table can 
be individually or compositely evaluated 
in a general way. The internal drainage 
characteristics can usually be estimated 
f r o m the textural category and the degree 
of profile-development. Information 
concerning the capillary potential is 
supplied by the textural category, 
together with the following code f o r 
ground-water positions. The height of 
the ground water-table over the major 
portion of the area (neglecting surface 
intersections and their accompanymg 
effects) is indicated by the letters shown 
in Table 2. Variations in the position 

TABLE 2 

INDICATION OF WATER-TABLE OCMDITIONS 

Letter 
Type of gronnd-
water condition 

excellent 

good 

imperfect 

poor 

very poor 

Position of 
water-table 

> 10 f t 

6 to 10 f t 

3 to 6 f t 

1 to 3 f t 

0 to 1 f t 

'Below najor port ion of sarface 

of the water-table can be indicated by 
combining two letters such as " i p " 
showing a water-table position varying 
between 1 to 6 f t . f r o m the major portion 
of the surface, depending upon position. 

The only other factbr of major i m ­
portance in an estimation of drainage 
condition is the surface drainage po­
tential. This i s considered in the 
discussion. 

Special Syabols - A few letters are used 
to convey special meanings in situations 
which depart f r o m the normal. These 
letters are: 

1. X - Exceptional - usually used 
when the parent formation, textural 
classes or drainage conditions are 
not correctly implied by the regular 
system. 

2. R - Variable - usually used 
when individual factors vary in such a 
manner that mapping, according to the 
rules of the system, is not feasible. 

3. d - Depression - usually used 
to indicate a depressed position when 
such information w i l l facil i tate the 
correct interpretation of a map-unit. 

4. a,b,c,etc. - usually used at 
the end of identical map-units which, 
nevertheless, refer to areas that 
are different la some important 
respect These letters should be 
used very sparingly. 

Typical Map-units - In order to f o r m 
each map-unit, the various letters and 
numbers are properly combined. The 
combination of the various factors i s 
indicated in Table 3. The map-units 
shown refer to actual soil-areas in New 
Jersey. Some of these msqp-units are 
interpreted at the end of the paper. 

Uniformly Intermingled Soils - Existence 
and Type of an Underlying Significant 
Strata - In some areas, two significant 
phases of a soi l may be uniformly 
Intermingled on an areal basis. For 
instance, in some very gently ro l l ing 
glacial ground morainic areas, slight 
differences of position may create 
differences in soils. If both positions 
are equally wide-spread and also in ter­
mingled, a problem in labelling is 
created. The proposed system uses the 
diagonal bar in such cases. The above 
area might be mapped asGM-4i/GM-6p. 

In many areas, i t i s extremely 
Important to indicate the existence and 
type of an underlying strata which is 
significant with respect to engineering 
construction. In the system as p ro ­
posed, this may be done using a f r a c ­
tional symbol. Thus, the symbol 

denotes sil ty ground moraine 
with an immature, imperfectly drained 
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prof i le overlying, at a significant depth, 
igneous basaltic bedrock. 

best-developed soils of the humid 
tropics are noted fo r their great 

Geologic 
Origin 

TABLE 3 

COMBINATION OF FACTORS TO FORM COMPLETC MAP-UNIT 

Laad form 
or Type 

P r o f i l e 
Contrast 

Textural 
Category G.W.T 

Addit . 
I n f o . 

Final 
Map-Unit 

G 

G 

G 

G 

G 

MM 

S 

I 

G 

0 

M 

0 

MM 

M 

g 

h 

b 

M 

2 

4 

2 

24 

67 

ip 

l b 

GD-2g 

a i - 4 i 

G0-2T 

GMM-241 

aiC-6ip 

MMgC-6ig 

Sb-4i 

IbC-«7i 
CM-4i 

l b 

DISCUSSION OF PROPOSED SYSTEM 

Climate - I t can safely be stated that 
climate has a significant effect upon the 
type of soi l -prof i le which is developed 
in many regions, and that a major i ty 
of the soi l -profi les included within 
such regions w i l l display general char­
acteristics which are both s imi lar and 
typical. 

The specific prof i le which has been 
considered in the presentation of this 
paper is one which is believed to be 
typical of humid-temperate to humid-
cool climates. Such climates exist 
in the New England, Mid-Atlant ic , 
Central and North-Central States. An 
important characteristic of the prof i les 
which develop in this region is a tendency 
toward relatively sharp differentiations 
between A , B and C-horizons. This 
differentiation is often part icularly 
noticeable m the relative impervious-
ness of the B-horizon. 

Prof i les developed m other climates 
display other characteristics. The 

11 Generally termed gray-brown podsollc 
soUs and podsols by the Russian pedologlsts. 

depth, essential uniformity of prof i le 
and the subordination of the effects of 
texture and parent material . Soils 
developed under the feebly-ar id to sub-
humid climates of the Dakotas, 
Nebraska and Kansas are usually dis­
tinguished by a p p r e c i a b l e sur f ic ia l 
accumulations organic matter, p ro ­
nounced limey zones at relatively shallow 
depths (regardless of parent material) 
and relatively low degrees of B - h o r i ­
zon development 

These general s imi lar i t ies within 
climatic regions are of value in the 
development and use of systems such 
as that which has been presented. By 
making use of the general s imilar i t ies 
which exist in humid-temperate to 
humid-cool climates, one or two num­
bers can serve as a key to the texture 
of the entire prof i le . In other climatic 
regions i t may be necessary to change 
the significance of the textural numbers 

1^ Generally termed laterites by the Russian 
pedologlsts. 

13 Generally termed chernozems by the Rus­
sian pedologlsts. 
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as wel l as that of other factors. In 
such cases, however, i t is believed 
that the changes can be made within 
the framework of the system. If thQ 
changes are standard in character, a 
relatively sketchy acj^uaintance with the 
characteristics of various regional 
soils w i l l enable engineers f r o m one 
region to correctly interpret the map-» 
units of another region. 

Although a knowledge of climate 
affords such interpretative advantages, 
i t has not been included as an integral 
part of the proposed system. In most 
States, the s o i l - m ^ s w i l l cover areas 
which l ie within the boundaries of a 
single climatic region. In cases of 
this sort, the climate becomes super­
fluous once the effect on the local region 
has been ascertained. I t is true that 
in certain areas such as the Midwest 
soil-maps may transcend the boimdaries 
of more than one climatic region. Even 
in these areas, however, the problem is 
s t i l l one of evaluating local effect. In 
other areas such as the Far West, the 
climatic effect is of such a nature that 
i t becomes subordinate to the effect of 
parent material . In a l l areas, i t is 
possible that the relation between 
climate and natural water-conditions is 
more important than the relation between 
climate and general profi le-character­
istics. Therefore, although the overall 
climatic effects are not to be disregard­
ed, the proposed system neglects them 
in favor of specific factors which seem 
to be of more value to the user. 

Origin and Type of Parent Formation -
Land Form - The importance of these 

factors to the soils and construction 
engineer has been described in many 
professional papers of the past dec­
ade. ^4 j h e following discussion w i l l 
consider them only with regard to their 
use and interpretation in the proposed 
mapping system. 

The in i t ia l letters of or ig in , com­
bined with the secondary letters of 
type, immediately describe the funda­
mental characteristics of the parent 

" S e e references (5), (6), ( / / ) . iiz), (l3) 
and (14). 

formation in a manner which conforms 
to widely accepted geologic nomen­
clature. In addition, however, these 
symbols help to f o r m in the user's 
mind a mental picture of important 
environmental conditions which exist in 
the m ^ p e d area. For example, the 
combination GMM mapped over an area 
indicates that the soil is imconsolidated, 
glacial in or igin and deposited as a 
marginal moraine with an i r regular ly 
hummocky s u r f a c e , a hetergenous 
composition and a probable great depth 
to bedrock. In general, most of the 
combinations shown in Figure 2 under 
the non-residual headipg per fo rm a 
s imilar function. Such units as GK 
(glacial kame), WD (windblown dune), 
AR (recent alluvium) and GO (glacial 
outwash) each give information con­
cerning the land f o r m , or ig in and 
general character of the material. 

The same amount of information 
is not supplied by a l l of the non-resid­
ual combmations shown. Such cate­
gories as GS (rSscellaneous s t rat i f ied 
d r i f t ) , A M (undifferentiated alluvial 
mantles) and W L (windblown loess) do 
not usually give information concerning 
both the land f o r m environment and the 
general nature of the material. This 
calls attention to an important point 
concerning the non-residual land f o r m 
categories l isted in Figure 1. Most of 
these combinations are included because 
they: 

1. Possess a land f o r m which is 
usually easily identifiable both in 
the f i e l d and on the airphotos, and/or 

2. Possess characteristics which 
are of importance to highway engi­
neering. 
Classifications such as GS, A M , etc. 

are not usually characterized by easily 
distinguishable land fo rms . They are 
instead, miscellaneous or general 
categories. They are included so that 
the maker and user of the m ^ need 
learn only a relatively few important 
land forms and can place doubtful areas 
in a category without spending the time 
which might be necessary in order to 
formulate new combinations or p re ­
cisely classify the doubtful area. The 
unitGS is a good example since i t covers 
those deposits of s trat i f ied glacial d r i f t 
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which are often not characterized by 
any particular type of land f o r m . 

The combinations shown in Figure 
2 imder the residual heading do not 
supply the same information as the 
non-residual classification. For i n ­
stance, the combination Sh indicates 
that th& area in question has a residual 
soil-mantle, derived f r o m bedded shale 
at a probable shallow depth. This 
information is extremely important to 
the engineer. However, other questions 
concerning the orientation and thickness 
of the beds and hardness of the rock are 
not answered. At least, however, these 
factors are indicated as being pr imary 
considerations in any discussions which 
may follow. 

An important point about Figure 2 
concerns the ease with which the various 
combinations can be remembered, or 
reconstructed, by virtue of their as­
sociation with the f i r s t or second letter 
of the applicable word. Another advan­
tage of the chart is i ts wide coverage, 
an estimated 90 percent of the bedrocks 
and unconsolidated types which would 
normally be encountered in ordinary 
engineering construction. 

The labelling of residual soil areas 
which are developed upon interstratif led 
formations constitutes a slightly d i f f e r ­
ent problem. Experience in New Jersey 
has indicated that interstratif ication 
may be considered normal f o r deposits 
of sedimentary or igin, but that one 
material usually displays a definite 
predominance. In these cases, the 
developed soi l-profi les have reflected 
this predominance to such an extent 
that the areas have been mapped and 
considered as being composed of a 
single material . One example is found 
in the large areas of interstrat i f ied 
sil ty shale and fine sandstone which 
cover west-central New Jersey. I n 
these areas, the effect of the minor 
sandstone outcrops is negligible, the 
soils are essentially s i l ty and the areas 
can be mapped under the combination 
Sh-4i. If the area to be mapped has 
interstratif ication to a significant de­
gree, and the level of generalization is 
such that individual strata cannot be 
mapped separately, a combined symbol 
can be utilized. Thus, significantly 

inters trat i f ied Yxds of sandstone and 
shale may be mapped under the com­
bination Ssh. 

There are additional special prob­
lems encountered in the mapping of 
residual areas. These are discussed 
in connection with the special symbols. 

Degree of Contrast Within the Profile -
To an engineer, the contrast possessed 
by a soi l -prof i le depends upon d i f f e r ­
ences in the engineering properties of 
horizons within the prof i le . If the 
various horizons are sufficiently d i f ­
ferent to create separate engineering 
problems in the f i e l d , the prof i le can 
be considered as one having significant 
contrast. In the proposed system, the 
presence of significant contrast i s 
indicated by a "C" after the proper 
origin-type combination. If contrast 
is unimportant, the "C" is omitted. 
I t w i l l be noted that the exact nature 
and probable effect of the contrast i s 
relegated to the important descriptive 
bulletin which should accompany the 
soil-map. 

The decision regarding the presence 
or absence of a significant contrast is 
lef t to the engineer or engineers who 
are responsible f o r mapping. In those 
instances when agricultural and pedo-
logical information are util ized as 
mapping or interpretative aids, i t should 
be thoroughly understood that the engi­
neering concept of profile-contrast may 
not necessarily have the same meaning 
as the pedological concept of p ro f i l e -
m a t u r i t y . A pedologically mature 
prof i le is one which has progressed to 
a state closely resembling that which 
might ultimately be e:q)ected to develop 
under the existmg climatic conditions. 

From the viewpoint of the highway 
engmeer, a pedologically mature prof i le 
need not show significant contrast. An 
excellent example of the distinction 
exists in the coastal plain of New Jersey. 
Here the Lakewood series has developed 
pedologically mature profi les upon a 
parent material composed of quartz 
sand with very few fines. To the engi­
neer, the Lakewood profi les do not 
show important contrast, since the 
engineering properties and the resulting 
f i e l d behavior of the various horizons 
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are practically identical. Thus, the 
Lakewood series, in a practical sense, 
is one horizon throughout. Certain 
members of the Sassafras series, 
however, are developed upon parent 
material composed of quartz sand 

respect to construction operations. 

Textural Nature of tne Profile - As 
stated previously, the general textural 
nature of the prof i le is indicated by one 
or two numbers , each number repre-

T A B L E 4 

C L A S S I F I C A T I O N O F S O M E M O B A I N E S O I L S 

G e o l o g i c O r i g i n - g l a c i a l 

G e o l o g i c D e s i g n a t i o n - m a r g i n a l m o r a i n e a 

G e o l o g i c Dtteription a b e l t o f i r r e g u l a r l y h u m o o c k y a c e a m u l a t i o n s o f c l a y , a i l t , 

s a n d , g r a T c l , a n d b o u l d e r a i n a c o n f n a e d m i x t a r e 

C o u n t i e t - U n i o n a n d M i d d l e s e x , N e w J e r s e y 

J f o p - U n i f - G M M - 2 4 1 

S a m p 1 e B - H o n s o n C - H o r XTcn 

N o . H B B C l a s s G r o u p I n d e x H R B C l a a s G r o u p I n d e x 

3 0 6 A - 1 - b 0 A - 2 - 4 0 

2 0 1 3 A - 2 - 4 0 A - 2 - 4 0 

2 0 1 4 A - 4 3 A - 4 4 

2 0 2 7 A - 4 S A - 4 1 

2 0 2 8 A - 4 4 A - 4 1 

2 0 3 0 A - 4 3 A - 2 - 4 0 

2 0 3 4 ' A - 6 5 A - 4 5 

1 8 0 5 A - 4 S A - 4 5 

1 8 0 6 A - 4 2 n o t t a k e n -
1 8 0 7 A - 4 7 n o t t a k e n -
1 8 1 2 A - 4 5 A - 4 6 

1 8 2 4 A - 4 4 A - 4 3 

1 8 2 8 A - 4 2 A - 4 0 

1 8 3 4 A - 4 S A - 1 - a 0 

1 8 4 4 A - 2 - 4 0 A - 2 - 4 0 

1 8 4 7 A - 4 5 A - 2 - 4 0 

1 8 4 9 A - 4 S A - 4 0 

1 8 3 1 * A - 7 - 6 7 A - 6 7 

' B l i n d d e p r e s s i o n s 

containing considerable s i l t and some 
clay. These Sassafras soils are pedo-
logically immature, since their horizons 
have not progressed sufficiently f a r 
toward their ultimate development. To 
the engineer, however, these members 
show contrast, since enough s i l t and 
clay have accumulated in the B-horizon 
to create different properties with 

senting a general textural category as 
defined by the Highway Research Board 
Classification of 1946. Tow numbers 
are allowed, because extensive sam­
pling in New Jersey has indicated that 
m%ay soils can best be defined by a 
range of textures rather than by a 
single texture. To il lustrate this point. 
Table 4 shows the classification f o r 
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gently undulating to undulating surface. 
Since the described system, as present­
ed, refers only to specific climatic 
conditions, the prof i le may be eiq>ected 
to consist of three horizons. However, 
smce the symbol is not qualified by the 
letter "C" , the prof i le can be consider­
ed, fo r engineering purposes, to consist 
of essentially a single horizon. In this 
case, the textural number refers to 
both B and C-horizons and indicates 
that these horizons belong in the HRB 
2-group. The 2-groiq> of soils are si l ty 
to clayey sands and have a wide range of 
associated test constants. This group 
may be ei^ected to provide a f a i r to 
good subgrade support, and a probable 
good source of borrow. The absence of 
a fract ional symbol indicates that bed­
rock, or any other significant strata, 
need not be considered during ordinary 
highway construction. Because the land 
f o r m has a gently undulating to undulat­
ing surface, cuts and f i l l s can probably 
be kept to a minimum. The letter " g " 
implies a ground water-table which is 
usually 6 to 10 f t . below the ground 
surface. The texture, lack of contrast, 
etc. eliminate internal drainage and 
capil lari ty as important considerations, 
leaving only surface drainage structures 
as possible major requirements. 

The map-unit GO-2v, not shown in 
Figure 5, indicates s imi lar material 
with, however, a very poorly drained 
condition at times during the year. 
Since the textural nature of the B and 
C-horizons is si l ty to clayey sands, i t 
I S probable that the poor drainage is 
not the result of either poor internal 
percolation or e x c e s s i v e capillary 
moisture. The letter " v " indicates 
that the ground water-table is high, 
probably because the area is a depres­
sion. If so, surface drainage conditions 
are adverse. 15 Depressions may be 
expected to accumulate organic mate­
r i a l on the surface. Highway align­
ments should avoid such areas. If 
highway construction must be under­
taken, the organic mat w i l l probably 

15 The area could be mapped with a "d", 1. e. 
GO-2vd, directly indicating a depressed 
position. 

require removal, compacted f i l l s w i l l 
be necessary, cross-drainage w i l l be 
required and special techniques used 
throughout construction. 

The map-unit GM-4i indicates that 
the soil is derived f r o m unassorted 
ground t i l l . The formational history 
of such deposits usually dictates that 
the area w i l l be more or less rol l ing. 
Since there is no fractional symbol, i t 
is probable that the tUl is f a i r l y thick, 
tending to mask the original re l ief , 
and indicating that an underlying fo rma­
tion need not be considered in the con­
struction of highways. Since the qual­
i fy ing "C" is absent, the prof i le lacks 
contrast and may be considered as a 
single horizon throughout The textural 
number, 4, indicates that the horizon 
is generally si l ty throughout. This 
textural group provides questionable 
subgrade support. The land f o r m 
indicates that shallow cuts and f i l l s 
may be e:q>ected with some frequency. 
Alignment w i l l probably not be dif f icul t . 
The letter " i " , indicating a ground 
water-table existing at depths of 3 to 6 
f t , together with the textural category, 
calls attention to the probability of 
adverse internal, capillary and ground­
water conditions. The possibility of 
f ros t action may also be a factor. In 
general, the area may be considered as 
one to be avoided if possible. If con­
struction must be undertaken, particular 
attention should be accorded to drainage 
and subgrade conditions. 

The map-unit GMC-6ip, not shown 
in Figure 5, mapped over large areas, 
indicates that the soil is derived f r o m 
old glacial morainic t i l l . Since the 
area is large And no fractional symbols 
are indicated, i t is probable that the 
d r i f t is deep, and an underlying fo rma­
tion need not l>e considered. The land 
f o r m w i l l probably be gently ro l l ing , 
with advanced erosion m some areas. 
Since the prof i le s h o w s significant 
contrast, i t is probable that different 
construction problems w i l l be encoun­
tered on different horizons. The B -
horlzon has a clayey texture, probably 
moderately heavy, and the C-horizon 
is somewhat lighter, say an A-4 to 
an A - 6 , with a low index. Drainage 
faci l i t ies w i l l require careful attention. 
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since the ground water-table varies 
between - 1 to 6 f t . f r o m the surface 
(probably dependent upon position), 
contrast is high, and texture is not 
conducive to good internal drainage or 
low capillari ty. Raised grade lines may 
be necessary in the lower areas. Bor­
row w i l l probably have to be imported. 
Deep cuts need not be frequent. 

The map-imit MMgC-26ig, not shown 
in Figure 5, mdicates a residual soil 
derived f r o m gneissic bedrock. The 
land f o r m may be expected to be quite 
rough. The soil shows significant con­
trast, indicating that different problems 
may be expected when different horizons 
are encountered. The B-horizon shows 
an apparent wide variation in texture, 
rangmg f r o m a clayey sand to a clay. 
The C-horizon w i l l probably be lighter, 
composed largely of clayey sand, with 
numerous rock fragments as bedrock is 
approached. The position of the ground 
water-table, combmed with reasonably 
frequent sandy textures and probable 
steep slopes, a l l mdicate f a i r surface 
drainage and internal drainage with 
probable low capillari ty in many areas. 
The high contrast tends to discount these 
factors. Therefore, drainage should be 
carefully investigated. Cuts into bed­
rock and f i l l s may be expected to occur 
with some frequency. Alignments may 
be dif f icul t . The soil may be expected 
to provide a f a i r to good support in the 
C-horizon. 

The above interpretations are typical 
and indicate that the proposed system, 
if properly used, provides a useful aid 
to the engineer who must consider soils 
on an areal basis. In summary, i t is 
desired to enumerate a few less obvious 
attributes of the proposed system which 
are of special significance in highway 
engineering: 

1. Because of a simple yet i n ­
formative character, the system is 
of value to the higher levels of plan-
nmg <tnd supervision who do not a l ­
ways have the opportunity to evaluate 
soil conditions, either f r o m f i e ld 
observations or f r o m personal study. 

2. Because of a uniform charac­
ter, s imilar soils are identified by 
s imi lar map-units. Thus, engineers 
f r o m different areas can rapidly and 

accurately e v a l u a t e the general 
characteristics of soils beyond their 
own domams. This is of great value 
m dissemmatmg constructional tech­
niques. In addition, i t serves as a 
point of departure fo r investigatmg 
unequal performances on s imilar 
soils. 

3. Because of a general charac­
ter, i t is believed that the system 
can be applied to other climatic 
regions with different type profi les . 
Even though the meaning of numbers 
and letters w i l l be changed, the 
change may occur within the f r ame­
work of the system. 

4. Lastly, i t is couched in engi­
neering terms and designed fo r prac­
t ical use. While retaining most of 
the elements upon which agricultural 
identifications are based, i t tends to 
decrease the importance of learning, 
and r e m e m b e r i n g , innumerable 
agronomic names, their associated 
properties, and their engmeering 
significance. 
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DRAINAGE PATTERN SIGNIFICANCE I N 
AIRPHOTO IDENTIFICATION OF 

SOILS AND BEDROCKS 

Merle Parvis , Research Engineer 
and 

Assistant Professor i n Highway Engineering 
Joint Highway Research Project , Purdue University 

SYNOPSIS 

This paper reports the analyses of drainage patterns for their use In the Identification of region­
al soils and bedrocks by means of airphotos. The study Is one of several concerning the inter­
pretation of aerial photographs by the Joint Highway Research Project at Purdue University. The 
relative ease with which stream systems can be observed on aerial photographs facilitates the 
recognition of drainage patterns. 

In the natural sciences, it has been accepted for a long time that certain basic drainage patterns 
such as the dendritic, trellis, radial, parallel, annular, and rectangular are associated with 
specific land surface materials. Airphoto interpretation has revealed several modifications of the 
basic drainage patterns. For example, some of these modified types are the reticular, phantom, 
and lacunate. 

Drainage patterns, traced directly from representative airphotos of various physiographic 
regions throughout the United States, are presented as Illustrations of patterns which develop 
in the soils and bedrocks typical of the regions. These examples have been selected to show 
noticeable differences in drainage patterns. For instance, drainage patterns in regions where the 
rocks are bare or are covered only with shallow soils, are decidedly different than those In regions 
of deep glacial drift. Likewise, dram age patterns develop differently in horizontal rocks than in 
tilted rocks. 

It is concluded that surface drainage patterns can be relied upon in the airphoto identification of 
soils and bedrocks on a regional basis. 

Drainage patterns have intrigued 
scientists over a long period of years. 
As a result of their findings, many 
patterns have been classified and incor­
porated into the l i terature of the natural 
sciences of geology, physiography, and 
geomorphology. Recently - probably 
within the last decade - engineers have 
been studying drainage patterns by 
means of airphotos. In the laboratories 
of the Joint Highway Research Project 
at Purdue University, highway research 
engineers have been using airphotos to 
construct detailed drainage maps of 
Indiana on a county basis. During the 
progressive stages in the compilation 
of these maps r e c u r r i n g drainage 
patterns were observed. This led to 
the investigation of drainage patterns on 
aerial photographs of areas of land 
surface materials, with known char­
acteristics, which occur elsewhere in 
the United States. 

The study of an area f o r the purpose 
of identifying i ts soils and bedrocks by 
means of airphotos is best effected by 
stereoscopic examination of the ver t ical 
aerial photographs of that area. By 
this means such "elements" of the 
te r ra in as landform, drainage pattern, 
erosion features, vegetative cover, and 
land usage are revealed on the airphotos 
in a most realistic manner. Photo 
tonality is another "element" vi ta l to 
airphoto interpretation. Tonality can 
be observed without the aid of a stereo­
scope. Colors found in soi l , rock, 
vegetation, or water are recorded on 
the airphotos in black, white, or tones 
of gray which vary according to the 
values of the respective colors and the 
reflection of incident light. While a l l 
the elements are correlative and are 
considered equally important in a i r ­
photo interpretation, only the drainage 
pattern element is herein set fo r th . In 
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doing this, i t is not to be assumed that 
the drainage pattern element can be 
rel ied upon alone in the identification of 
soils and bedrocks by the use of a i r -
photos. I t must be used in conjunction 
with the other elements. 

I t I S known that the drainage of a 
region is affected by such factors as 
bedrock s t r u c t u r e , soil textures, 
topography, a r t i f i c i a l waterways, r a in ­
f a l l , vegetation, and evaporation. Since 

bedrocks on a regional basis. 
The airphotos employed in the prep­

aration of this paper were taken during 
1937-1943 in connection with the United 
States Department of Agriculture map­
ping program. The prmts were ob­
tained f r o m the Agriculture Adjustment 
Administration (now Production and 
Marketing Administration). They are 
standard 7-by 9-in. and 9-by 9-in. 
contact prints having an £^proximate 

5 

Figure 1. Drainage Pa t t e r n of the Headwaters of a Stream System Developed i n Wisconsin 
G l a c i a l D r i f t - F l i n t Creek, Tippecanoe County, Indiana - Hie areas bounded by dotted 
l i n e s are i n f i l t r a t i o n b a sins. Numbers i n d i c a t e Congressional land s e c t i o n s . ( T h i s 
p a t t e r n was traced d i r e c t l y from a e r i a l photographs of the area. O r i g i n a l S c a l e : 

1:20,000) 

the drainage ways and landforms of a 
region are interdependent, they exist 
together as interrelated features of the 
region. Therefore, soils and bedrocks 
influence the evolution and character of 
the patterns of a region's many r ivers 
and tributary streams. These facts 
lead to the premise that drainage pat­
terns can be used to identify soils and 

scale of 1: 20,000 or 3 in . per mi . 

DRAINAGE PATTERN 
CLASSIFICATION 

Apattern has been defined by Webster 
as "an arrangement or composition that 
suggests or reveals a design". The 
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te rm "drainage pattern" is used in this 
paper to apply to the manner, or "de­
sign", in which a given set of tr ibutary 
streams arrange themselves within a 
given drainage basin (See Fig. 1). 

Drainage patterns are classified on 
the basis of f o r m and texture. The f o r m 
of the pattern is i ts shape which may be 
described by comparing the pattern 
with a fami l i a r object such as the 

stream patterns which have been formed 
by natural forces acting upon the earth's 
land surface materials, six have been 
classified as the basic drainage pat­
terns. Analyses of the more or less 
characteristic arrangement and repeti­
tion of the Imes of these patterns have 
revealed significant relationships be­
tween the patterns and the soils and 
bedrocks of the regions in which they 

^ ^ ^ ^ ^ ^ ^ ^ ^ 

DENDRITIC TRELLIS RADIAL 

R W A L L E L ANNULAR RECTANGULAR 

Figure 2. Sketches I l l u s t r a t i n g B a s i c Drainage Patterns (20) (21) 

branches of a tree. The texture (or 
density) of the pattern refers to the 
spacing of the tributaries in the stream 
systems. I f the tributaries are closely 
spaced the texture is "f ine" , and i f they 
are widely spaced i t is "coarse". 

Certain drainage patterns are con­
sidered as the basic patterns. Var i a ­
tions of the basic types are known as 
modifications of the basic patterns. 

Basic Drainage Patterns - Of the many 

are found. 

Figure 2 illustrates the six basic 
drainage patterns. They can be de­
scribed as follows: 

1. A dendritic drainage pattern is 
t ree-l ike in f o r m ; the main stream 
corresponds to the trunk of the tree and 
its tr ibutaries resemble the i r regular ly 
subdivided branches, l imbs, and twigs 
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of the tree (22:127)'. Another te rm fo r 
this type p a t t e r n is "arborescent" 
(11: 300). I t is the most common type 
drainage pattern. I t i s formed where 
the "rock structure does not interfere 
with the f ree development" of streams 
(15: 340). 

2. A t r e l l i s type of drainage pattern 
may be compared to a vine on a garden 
t r e l l i s ; the p r imary tr ibutaries are long 
and straight and 6ften parallel to each 
other and to the main stream. Numerous 
short, stubby secondary tributaries join 
the pr imary tributaries approximately 
at r ight angles (22:127). This drainage 
pattern may be thought of as one "ad­
justed" to structure (2:122). "Grape­
vine" is another name f o r this type 
pattern (26: 503). 

3. A radial drainage pattern may be 
likened to the spokes of a wheel. The 
pattern may be either centrifugal or 
centripetal; that i s , the streams may 
f low radially either outward f r o m a 
peak or Inward toward a basin (17:175) 
(22:127). Also, this te rm can refer to 
a group of drainage patterns originating 
at a common point (13:350). Stream 
systems on isolated h i l l s often take 
this f o r m . 

4. In a parallel drainage pattern the 
streams or their tributaries are para l ­
le l or nearly parallel to each other 
(22:127). The way in which the streams 
are arranged might aptly lead to the 
naming of the, pattern cauda equina -
horse's t a i l . 

5. In an annular drainage pattern 
" r ing- l ike" tributaries f low into the 
radial streams (22: 127). This type 
pattern has been compared to the annual 
growth rings in a tree (17: 175). 

6. A rectangular drainage pattern 
shows the influence of the angularity of 
rock Joints; i t is characterized by many 
"abrupt bends" in both the main streams 
and their tr ibutaries (22:129). This 
pattern is a "right-angle system of 
streams" (7:130). The pattern is affect­
ed locally by horizontal rock strata of 
different composition. 

Rock structure is a major factor in 
the development of these six patterns. 

'Numbers in parentheses refer to references 
at the ehd of the p^er. 

Dendritic drainage patterns are nor­
mally formed by streams flowing i n 
horizontal homogeneous rocks. T r e l l i s 
patterns develop in folded or dipping 
rocks where there is a series of para l ­
le l faults. These also result f r o m 
adjustment and are stream systems 
"aligned on a str ike of the rock f o r ­
mations", the streams occasionally 
making "right-angled turns to cross 
strike ridges" (4: 86). Streams draining 
volcanic peaks assume the radial type 
of pattern. Drainage patterns in t i l ted 
rocks having paral lel faults and in 
v a l l e y - f i l l materials often show str iking 
parallel ism. A p a r a l l e l drainage 
pattern implies a "pronounced regional 
slope" (26:510). Streams around a 
dome follow ci rcular , or annular, 
courses. Streams following the faults 
and cracks in jointed rocks produce 
rectangular drainage patterns (17:175). 
Fractures in the rocks of the earth's 
surface have "influenced the activities 
of running water". Sometimes a r ive r ' s 
course is in "rectangular zigzags" -
its walls are formed of joint planes" 
(12:224). A l l these drainage patterns 
reflect details of relief that are char­
acteristic of the materials f r o m which 
the stream valleys have been carved. 

Uodifications of the Basic Drainage Pat' 
terns 'There are several modifications 
of the basic drainage patterns. Figures 
3, 4, 5, and 6 illustrate some of the 
modified types. A number of these 
patterns have been described in s c i ­
entific l i terature. The author has 
identified others by means of aerial 
photographs. 

Descriptions of the patterns in Figure 
3 are as follows: 

1. The pinnate drainage pattern is 
a modification of the dendritic type. 
The second order tr ibutaries are ar­
ranged in a m o r e or less parallel 
manner (parallelism indicates a nearly 
uni form slope). The rather evenly-
spaced f i r s t order tr ibutaries join the 
second order tributaries at acute angles 
(near right angles) much in the manner 
of a feather - hence the name "pinnate" 
(26: 512). 

2. The deranged or disordered type 
of drainage pattern has been applied to 
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of drainage pattern has been applied to 
the drainage of drif t -covered regions. 
I t has been so termed because of the 
great i rregulari t ies of its pattern 
and the confused i n t e r m i n g l i n g of 
lakes, marshes, and wide-open valleys 
(7: 503). Runoff water collects in the 
lakes, swamps, and marshes; and 
streams wander aimlessly about the 
l a n d s c a p e (8:295). The numerous 

(26:513). This pattern is a modified 
type of paral lel drainage, but "lacks 
the regularity of the parallel pattern" 
(26: 518). 

4. The contorted drainage pattern 
type is a "response to rock structure" 
(7: 215). Streams flowing in one d i ­
rection may be completely reversed 
in direction when they encounter r e ­
sistant rock or granular barr iers . 

SUBPARALLEL DERANGED PINNATE 

ANASTOMOTIC SUBOENORITIC CONTORTED 

Figure 3. Sketches of Modified B a s i c Drainage Patterns (20) - Shaded areas are water 
f i l l e d basins - lakes, ponds, slough, bayous. Areas bounded by dotted l i n e s are i n ­

f i l t r a t i o n basins. 

lakes and swamps depict the undevel­
oped character of the drainage. The 
terms "errat ic" and "haphazard" may 
also be applied to this pattern (12: 300). 
Patterns of individual drainage systems 
within the area are usually dendritic. 

3. The subparallel drainage pattern 
resembles the spire-like Lombardy 
poplar tree in i ts type of branching. 
The f i r s t order tributaries are usually 
nearly parallel to the second order 
tributaries. Again, in this type, par­
allel ism denotes uniformity of slope 

5. The subdendritic drainage pat­
tern is a modification of the dendritic 
type. This type shows minor slope 
control of the second and th i rd order 
streams ( f i r s t order tributaries are 
the f i e l d gullies); other than that i t 
closely resembles the dendritic type 
pattern (26:513). I t is a result of 
streams flowing f r o m a non-resistant 
material area through another of slight 
structural control. 

6. The anastomotic drainage pattern 
is characteristic sf flood-plain drainage. 
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The meanderings of the main stream 
has produced sloughs, bayous, exbow 
lakes, and "interlocking channels". A 
network of anabranches may even be 
present. This type pattern is considered 
to be "a phase in the development of 
dendritic drainage" in restricted areas 
(26: 514). 

Patterns illustrated in Figure 4 are 
described as follows: 

basin is "roughly an arc of a c i rc le" , 
and the inside surface is steep and 
evenly sloping, then tributaries f r o m 
opposite sides of the basin w i l l enter 
the main stream at nearly the same 
point (13: 350). This te rm can refer to 
a group of drainage patterns cbnverging 
to a common point (13: 350) (26: 517). 
This pattern occurs frequently. 

3. The branching pattern of the 

COLINEAR CENTRIPETAL DICHOTOMIC 

•— 

1 

RECTILINEAR SWALLOW HOLE ILLUSORY 

Figure 4. Sketches of Modified B a s i c Drainage Patterns (20) - L i n e a r dotted l i n e s i n ­
d i c a t e subsurface drainage ways. Shaded areas are w a t e r - f i l l e d b a s ins. Dots are s i n k ­

holes. Areas bounded by dotted l i n e s are i n f i l t r a t i o n basins. 

1. The colinear drainage pattern is 
a m o d i f i c a t i o n of the parallel type. 
Paral lel streams are alternately surface 
and subsurface. This is a recognized 
type of drainage pattern found in certain 
foreign countries (26:519). I t is a 
system of intermittent streams flowing 
in very straight lines through porous 
materials. 

2. The centripetal drainage pattern 
is a modification of radial drainage. If 
the headwater divide of a drainage 

distributaries of a stream is the dichot­
omic pattern of alluvial fans (8). The 
end branches are called anabranches -
branches which lose themselves in the 
valley f i l l . Also, this pattern may be 
applied to the a r r a n g e m e n t of the 
streams in the birdfoot type of r iver 
delta. 

4. In nearly level areas man has 
dredged ditches to drain swamps and 
low-lying soils. These ditches are 
f a i r l y straight; they follow topograph-
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ical depression channels or the section, 
half-section, and quarter-section lines. 
Often they do not "accord with the 
pattern of the soil and vegetation" of 
the area (6: 73). They have been grad-

pattern is common to regions of mas­
sive strata of limestone. The pattern 
of a youthful karst region might ap­
propriately be called the "dot" pattern. 
In mature and old age limestone regions 

BARBED AN6ULATE 

BRAIDED ANOMALOUS THERMOKARST 

Figure 5. Sketches of Modified B a s i c Drainage Patterns - Shaded areas are w a t e r - f i l l e d 
channels and basins - r i v e r s , lakes, sloughs. 

ed so that low rises are traversed which 
would o t h e r w i s e block the natural 
drainage. This pattern is identified as 
"recti l inear" in type (22). I t is a f o r m 
of a r t i f i c i a l drainage. I t is not to be 
confused with the pattern of i r r igat ion 
ditches which is a distributary pattern 
(6: 73). 

5. Drainage in horizontal limestone 
areas is both surface and subsurface. 
Where sinkholes predominate, small 
streams are "swallowed in holes" to 
continue imder ground as subterranean 
streams. Sinkholes plugged with debris 
become ponds. This swallow hole 

sinkholes, fensters, and solution valleys 
f o r m "unsystematic" drainage patterns 
in that surface drainage is interrupted 
by the disappearance of the streams 
under ground (18:116). 

6. The i l lusory type drainage pat­
tern is occasionally observed on a i r -
photos of porous low-lying soils which 
are t i led f o r drainage. While this is 
subsurface drainage the network of t i le 
drains is often "visible" on the airphotos 
because the soil above the t i le has 
dried and there s^pears on the photos a 
sort of "X-ray near-white system of 
lines - formed by the trunk tiles and 
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their paral lel laterals (14: 30). This is 
a f o r m of a r t i f i c i a l drainage. The lines 
appear somewhat spectral on the a i r -
photos - they may be likened to the 
spreading of the ink m a Ime drawn on 
blotting paper. This pattern is depict­
ed graphically by dashed lines - the 
accepted symbol fo r hidden lines. The 
pattern is an ovanescent one; as the 
soi l dries the pattern becomes imper­
ceptible. Also i t is a deceptive pattern; 
a buried pipe Ime, a buried telephone 
cable, or an abandoned railway grade 
might easily be mistaken fo r a large 
t i le . 

The patterns shown in Figure 5 have 
the following descriptions: 

1. The angulate pattern is a mod­
i f i ed type of t r e l l i s drainage pattern. 
Paral lel ism in i t is s imilar to the 
rectangular type but the tributaries 
jom the principal streams at acute or 
obtuse angles (26: 517). Like the rec­
tangular pattern i t reflects the influence 
of rock jomts. 

2. An "asymmetrical" d r a i n a g e 
pattern has more tributaries on the 

. upslope side of a trunk stream than on 
^ l i i e down slope side. This type is 

commonly fovuid m mountainous t e r r i ­
tories (13: 352). I t is often "pectinate" 
- shaped like a comb. 

3. The barbed drainage pattern is 
a type of drainage pattern which results 
f r o m stream piracy. Branching t r i b ­
utaries f o r m obtuse angles with the 
trunk streams (11:180). The pattern 
is "calcarate" - spurred. I t is a f o r m 
of "backhand drainage". 

4. The braided drainage pattern is 
that of a graded stream. An intricate 
network of shallow channels forms "a 
complex pattern on the valley f l oo r " 
(18:69). Usually the materials de­
posited by a braided stream are gran­
ular , especially in the upper reaches of 
the stream. 

5. An anomalous drainage pattern is 
the general i r regular pattern of an area 
formed by the combination of dissimilar 
patterns in adjoining but different types 
of topography. This complex pattern 
indicates the existence of unlike mate­
r ia ls in an area. The component pat­
tern of the complex pattern can be 

studied individually. 
6. The thermokarst drainage pattern 

is that produced by the surface thawing 
of permafrost (25: 2). I t is formed by 
cave-m lakes which eventually become 
joined together by streams. The con­
catenate pattern of the "button" lakes 
is a singular feature. Usually the 
thermokarst pattern is found in areas 
of fine-grained a l l u v i a l sediments 
(9:17). 

Figure 6 presents other patterns 
which can be described as follows: 

1. The l a c u n a t e type drainage 
pattern is formed by small "lakes" 
spaced at random over an area. I n ­
dividual tributary systems may be 
dendritic. It is found where there is 
impervious substratum. This pattern 
occurs in areas where the erosion cycle 
I S very young (2). I t is a closed-basin 
type which is found in parts of the 
southern Great Plains region of the 
United States. 

2. The Yazoo type drainage pattern 
pertains to larger stream systems than 
those which are usually considered. I t 
is due to the inability of tributary 
streams to break through the natural 
levees of major streams. I t is the 
pattern found on confluence plains -
plains on which the tributaries unite 
before entering the main streams. 
This pattern develops m alluvial bottom 
lands. 

3. The kettle hole type of drainage 
pattern is one of random-spaced de­
pressions, with an occasional water-
f i l l e d basin. Like the lacunate pattern 
i t I S a closed basin type, but i t occurs 
where there is a porous substratum. 
It is the pattern found in granular 
morames and outwash plains. Individ­
ual tributary systems may be dendritic. 

4. The elongated bay type drainage 
pattern is one peculiar to coastal plain 
or delta areas. (The author believes 
the bays in the Carolmas and Texas to 
be cave-in lakes formed in permafrost 
during glacial t imes.) Rows of the bays 
follow the lows (troughs) in old beaches. 
This mdicatesthat they have been f o r m ­
ed in fine-grained sediments. 

5. The r e t i c u l a r type drainage 
pattern is a network of stream chan-
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nels. I t is "canaliculated" - having 
many channels. I t is a variation of the 
anastomotic pattern but is different 
in that i t is found in tidal marshes and 
in youthful coastal plains (26:514). 
At flood tide the water flows mward 
through the channels; at ebb tide, 
outward. I t is a pattern of anabranches 
- the divergmg branches of a large 
coastal plain stream which reenter 

ANALYSES OF REGIONAL DRAINAGE 
PATTERNS 

The following illustrations which 
show airphotos paired with drainage 
maps are presented as examples of 
representative typical regional drain­
age patterns. The examples show 
noticeable d i f f e r e n c e s in drainage 
patterns of materials common to various 

9 

LAOttUrE " ^ ^ ^ ^ ^ ^ ^ ^ ^ 

o^V O --No 
KETTLE HOLE 

ELONGATED BAY RETICULAR 

^ ^ ^ ^ ^ 

PHANTOM 

F i ^ r e 6. Sl<etches of Modified B a s i c Drainuge Patterns - Shaded o u t l i n e d areas are 
w a t e r - f i l l e d channels or basins - r i v e r s , ponds, l a k e s . Shaded l i n e s i n d i c a t e high 

water table areas or seepage ways. Dotted l i n e s bound i n f i l t r a t i o n basins. 

that same stream. 

6. The phantom drainage pattern is 
one of seepage ways. I t is a network, 
also. The pattern is caligmous and 
arachnoid - d im, and cobweblike. I t 
is found in "loose" (unconsolidated) 
fine-grained but well-drained soils on 
impervious subsoils. 

physiographic regions. 
The patterns are classified accord­

ing to the basic or modified types of 
drainage patterns. The forms and 
textures of the patterns are studied 
for the influences exerted on them by 
the soils and bedrocks in which they 
exist. The effects of peculiarities of 
topography and extraneous materials 
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on the patterns are noted also. 
From a log ica l standpoint, the 

examples of drainage patterns found in 
residual materials are considered first; 

tilted rocks; and the examples from 
regions of transported materials are 
drainage patterns found in glacial drift, 
and water-laid and windblown soils. 

I 

Figure 7. Drainage P a t t e r n of Limestone-Shale (Ordovician) (20) (21) - L e f t - Airphoto 
of Area i n Southwestern Switzerland County, Indiana - Right - Drainage Map of Same Area 

- Small c i r c l e s are sinkholes. 

F'igure 8. Sloughing of C o J l u v i a l H i l l ­
side - Eastern Ohio County, Indiana (10) 
- Rock and s o i l break away from the h i l l 

to produce l a n d s l i d e s . 

then, those in transported materials. 
The examples from different regions 
of residual materials are drainage 
patterns found in both horizontal and 

Limestone-Shale - The intricately den­
dritic drainage pattern shown in Figure 
7 compares closely to the basic den­
dritic pattern shown in Figure 2. It 
has some of the characteristics of the 
subdendritic pattern shown in Figure 
3 but hardly enough for it to be classi­
fied as subdendritic. However, the 
presence of two materials, nearly 
horizontal thinly-bedded strata of lime­
stone and shale of different textures, 
does lend the pattern an irregularity 
which indicates slight structural con­
trol. The primary tributaries flowing 
in shale are deflected, sometimes 
sharply, when they contact the more 
resistant limestone. Sinkholes are 
found on the ridges where a limestone 
layer is sufficiently thick to permit 
their development. These sinkholes 
affect the drainage pattern only to the 
extent of occasional surface depres-
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sions, for most of the runoff water 
flowing through them finds its way 

immediately into adjacent streams. 
The density of the pattern is great (or 

Figure 9. Drainage P a t t e r n of Sandstone-Shale ( M i s s i s s i p p i ) (20) (21) - L e f t - A i r ­
photo of Weed Patch H i l l Area i n Brown County, Indiana - Right - Drainage Map of Same 

Area - A r t i f i c i a l lakes are in d i c a t e d by shaded spots. 

fine) because of the presence of im-
perviousshale as well as because of a 
great difference in elevation between 
the ridges and the valleys. 

This region was once covered with 
niinoian glacial drift but the drift has 
been removed by erosion until now 
only traces of it are found on the highest 
ridges. The presence of the lUinoian 
drift apparently does not affect the 
drainage pattern. The pattern has 
resumed its primitive, or pre-glacial 
development. 

CoUuvial slopes found throughout 
the region cause many landslides in 
highway construction (See Fig. 8). 

Sandstone-Shale - Figure 9 illustrates 
the slightly modified dendritic drainage 
pattern - somewhat subdendritic - de­
veloped in an area of laminated sand­
stone and shale. The area is especially 
known for the "perfection and symmetry 
of its drainage lines" (11: 90-94). The 
sandstone-shale has eroded to produce 

Figure 10. Gully i n Residual S o i l s Form­
ed from Sandstone-Shale ( M i s s i s s i p p i a n ) , 
East-Centra] Brown County, Indiana (10) -
In the foreground, fragments of sandstone 
may be seen in the bottom of the g u l l y . 
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a "rangy" dendritic drainage pattern of 
which the branching of the smaller 
tributaries is confined mostly to their 
"tip ends". The sandstones are more 
or less pure, are usually rather soft, 
and are intercalated with sandy shales. 
Soils weathered from them are plastic 
clays which erode in V-shaped gullies 
because of steep slopes (See Fig. 10). 
Forests cover most of the hills as 
shown by the botryoidal texture of the 
airphoto in Figure 9. 

The region is mature and the inter-
fluves have been reduced to knife-like 
ridges. The ridges are clearly defined 
by the spaces between the tip ends of the 
first order tributaries (field gullies). 

Weathering sandstone breaks down 
into small flat fragments; stream de­
posits of this material are known as 
"brown gravel". Although this gravel 
is used locally for road building mate­
rial it is not very durable. It is detri­
mental as an aggregate for concrete. 

V * ; 

Figure 11. Drainage Pattern of Young Karst Topography ( M i s s i s s i p p i a n Limestone) (20) -
Lef t - Airphoto of Sinkhole Area i n Washington County, Indiana - Right - Drainage Map of 
Same Area - Dots indicate sinkholes, some of which have small d e n d r i t i c drainage 

systems. Shaded areas are w a t e r - f i l l e d basins - plugged si n k h o l e s . 

The influence of the shale is seen in 
the additional subdivisions of the small­
er tributaries. Angularity in the pattern 
occurs because the sandstones are 
resistant to erosion. The density of the 
pattern indicates that immediate runoff 
is less thanfor limestone-shale regions 
(Fig. 7). The medium density is due to 
the somewhat pervious nature of sand­
stone and to the considerable difference 
in the elevation between the ridges and 
the valleys. The pattern is influenced 
very little by the general slope of the 
region. 

Uassive Limestone - Figure 11 illus­
trates the "swallow hole" drainage 
pattern of a youthful karst plain. Such 
plains are distinctive because their 
surface features are the "result of the 
solvent work of underground water" in­
stead of surface streams (8: 321). In 
the area represented by this illustration 
there are no small streams although 
small streams are occasionally present 
in similar areas. The surface of a 
young karst plain is undulating, often 
rolling, and sometimes rough; it is 
known as sinkhole topography. The 
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sinkholes are identified on the airphoto 
portion of Figure 11 by dark-centered 
circular light gray spots. 

In the formation of young karst 
plains, water f i rs t flows through a 
fissure in the underlying limestone and 
begins dissolving the rock. When the 
surface depression has become approx­
imately five feet in diameter it is known 
as a "ponor"; it has steep vertical 

Figure 14, is that produced by eroding 
clay shale. Because the shale is com­
pletely impervious, the runoff is almost 
equal to the total rainfall. Surface 
drainage is developed fully. Streams 
flowing in shale usually do not reflect 
lineal control. An intricate stream 
system is formed which resembles the 
venation of a broad leaf of a deciduous 
tree. This pattern approaches the true 

F i g u r e 1 2 . T o p o g r a p h y o f L i m e s t o n e A r e a , 
N o r t h - C e n t r a ] H a r r i s o n C o u n t y , I n d i a n a 
( 1 0 ) - R o a d s c o n s t r u c t e d a c r o s s p l u g g e d 
s i n k h o l e s g i v e p o o r p e r f o r m a n c e b e c a u s e 
o f w a t e r - l o g g e d s u b g r a d e s . F l o o d e d c o n ­
d i t i o n s d u r i n g w e t w e a t h e r r e s u l t i n t h e 
r o a d s b e i n g i m p a s s a b l e f o r p e r i o d s o f 

s e v e r a l d a y s a t a t i m e . 

slopes as a result of initial erosion but 
is "asymmetrical in both plan and 
profile". After the depression is deep­
ened and widened it is then called a 
"doline"; its slopes are regular and its 
outline is symmetrical - it is circular 
if the fissure is short and oval if the 
opening is long. A "basin" is a filled 
doline; if the bottom outlet has become 
plugged with clay and other debris, 
swamps, temporary ponds, and even 
permanent lakes form (5: 713) (See Fig. 
12). 

The clays that develop from the 
weathering limestone have a peculiar 
"nutty" structure. They are well-
drained "in situ", but they are very 
impervious and plastic when reworked 
by highway construction machinery (See 
Fig. 13). ^ 

Cley Shale -A most minutely (very fine) 
dendritic drainage pattern, shown in 

F i g u r e 1 3 . C o n c r e t e P a v e m e n t i n C e n t r a ] 
L a w r e n c e C o u n t y , I n d i a n a - P a v e m e n t s 
o f t e n b r e a k u p i n s h a l l o w r o a d c u t s i n 

t h e c l a y s o f l i m e s t o n e r e g i ' o n s . 

dendritic pattern illustrated in Figure 
2. Where the general level of the upland 
is nearly flat - one to two mi. from the 
river - the gullies have "rounded" 
slopes; this is especially noticeable in 
the lower center of the airphoto in Fig­
ure 14. This is a characteristic of clay 
shale topography. The "smooth" areas 
outlined in white in the airphoto - left 
center and lower left - are remnants of 
the Great Plains mantle which is gran­
ular in texture; they do not contribute 
to the drainage pattern. Gravel is a 
material resistant to erosion; there­
fore, i t "holds up" the hills. Near the 
river the drainage pattern is influenced 
by slope control of the streams. Some 
of the smaller tributaries are straight 
and the angles of their junctions with the 
larger tributaries are very acute. 
Another cause for this slight change in 
the pattern is the presence of thin layers 
of weak sandstones. These can be 
detected in the airphoto by the "bands" 
around some of the knolls, and by the 
presence on these bands of vegetation -
shrubs and bushes. Steep slopes cause 
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F i g u r e 14. D r a i n a g e P a t t e r n o f P i e r r e S h a l e - L e f t - A i r p h o t o o f A r e a i n S t a n l e y 
C ounty, S o u t h D a k o t a - R i g h t - D r a i n a g e Map o f S a n e A r e a - S h a d e d A r e a i s M i s s o u r i R i v e r . 

F i g u r e 15. P o o r P e r f o r m a n c e o f F l e x i b l e Pavement C o n s t r u c t e d on C l a y S h a l e s o f t h e 
N o r t h e r n G r e a t P l a i n s , N e a r G l e n d i v e , Montana - L e b a s h a l e s a r e s i m i l a r t o t h o s e i l l u s ­

t r a t e d i n F i g u r e 14. . 
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V-shaped gullies; therefore, the cyma-
curve cross sections of the upland 
gullies are extremely modified or lack­
ing in the gullies near the river. The 

Flexible pavements, like the one shown 
in Figure 15, suffer considerable dis­
tress when placed directly upon plastic 
clay subgrades. 

F i g u r e 1 6 . D r a i n a g e P a t t e r n o f T i l t e d S a n d s t o n e a n d S a n d s t o n e - S h a l e - L e f t - A i r p h o t o 
o f A r e a i n H a i r p s h i r e C o u n t y , W e s t V i r g i n i a - R i g h t - D r a i n a g e Map o f Same A r e a - S h a d e d 

l| a r e a i s a r i v e r . 

1 

F i g u r e 1 7 . D r a i n a g e P a t t e r n o f G r a n i t e Dome - L e f t - A i r p h o t o o f A r e a i n L a w r e n c e 
C o u n t y , S o u t l i D a k o t a - H i g h w a y s a r e s t r a i g h t w h i t e l i n e s - R i g h t - D r a i n a g e Map o f Same 

r A r e a - S h a d e d a r e a i s an a r t i f i c i a l p o n d . 

main tributaries have almost reached 
base level, in the vicinity of the river; 
here their courses have many full-curved 
meanderings. Parallelism may even be 
detected in the larger tributaries. 

Clay shales weather to fine-grained, 
plastic, poorly-drained c l ay soils. 

Tilted Sandstone and Shale - Figure 16 
is the drainage pattern of an area of 
folded and tilted sandstones and shales. 
The drainage pattern, where the shales 
predominate, is dendritic (Seethe upper 
left half of the airphoto in Fig. 16). Re­
sistant strata - probably sandstones - in 
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IJie shale areagive lineal control to some 
of the streams in that area. Streams 
are absent along the crest of the sand­
stone ridge (See lower right half of the 

drainage pattern on the left side of the 
ridge. The stream collecting the run­
off waters from both the shale and the 
sandstone areas is flowing in shale. 

0i 
I 

F i g u r e 1 8 . D r a i n a g e P a t t e r n o f I l l i n o i a n G l a c i a l D r i f t ( 2 0 ) ( 2 1 ) - L e f t - A i r p h o t o o f 
A r e a i n R i p l e y C o u n t y , I n d i a n a - R i g h t - D r a i n a g e Map o f Same A r e a 

F i g u r e 1 9 . E r o s i o n C o n t r o l i n I l l i n o i a n 
G l a c i a l D r i f t R e g i o n , J e n n i n g s C o u n t y , 
I n d i a n a - A t t l i c e x t r e m e r i g h t - c e n t e r , 
t h e v e r y l i g h t t o n e s o f g r a y m a r k t h e 

s i l t y e d g e s o f a l a t e r a l g u l l y . 

drainage map in Fig. 16). Small "par­
allel" streams are spaced at "regular" 
intervals along the steep slopes of the 
sandstone ridge and form a subparallel 

This stream is a part of a regional 
trellis drainage pattern which can not 
be shown by a single airphoto. The 
weakly developed subparallel drainage 
pattern on the right of the sandstone 
ridge has formed partly in shale since 
the river is flowing in shale, also. 

In regions of sedimentary rocks 
slope control plays an important part 
in the development of the drainage 
pattern - the more resistant the mate­
r ia l , the steeper the slopes. Conse­
quently, the lines of the pattern are 
more nearly straight on steep slopes 
for fast-moving water tends to flow in 
straight lines. Sandstone is more 
resistant to erosion than shale. The 
drainage pattern in shale has a "round­
ness" contrasted to the "angularity" 
of the stream patterns in sandstone 
areas. 

Granite Dome -Figure 17 illustrates the 
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radial and annular drainage patterns of 
a granite dome. The streams of the 
plain have been forced to go around the 
bulging mass of granite, some of them 
making right-angle turns in the process. 
Radial streams course down the dome. 
These streams unite at lower elevations 
with sharp entrant angles. Near the 
base of the dome the runoff waters are 
collected in annular streams inside the 
rim of upturned sedimentary rocks. 

the "B" horizon usually consists of 8 to 
10 f t . of "expansive silty-clay" (3:187). 
Much of the surface is so nearly level 
that i t is imperfectly drained. The 
subsoil is impervious and is very poorly 
drained internally. Surface drainage 
furnishes a particularly significant air­
photo identification element which is the 
"white-fringed" gully. The broad flat 
bottom of this type of gully is formed 
by erosion removing the top soil (silt) 
f rom the impervious clay subsoil (See 

F i g u r e 2 0 . D r a i n a g e P a t t e r n o f W i s c o n s i n G l a c i a l D r i f t ( 2 0 ) ( 2 1 ) , T i p t o n C o u n t y , 
I n d i a n a - L e f t - A i r p h o t o o f T i p t o n T i l l P l a i n - W h i t e l i n e s a r e r o a d s w h i c h f o l l o w l a n d 

r s e c t i o n b o u n d a r i e s - R i g h t - D r a i n a g e Map o f Same A r e a 

lllinoian Glacial Drift - Figure 18 is a 
typical drainage pattern of the lllinoian 
drift region in southeastern Indiana. 
The drainage pattern is "subdendritic", 
a modification of the dendritic type with 
long, nearly parallel tributary systems. 
The pattern has a pronounced "lacy" 
appearance. lllinoian drift is the oldest 
surface drift in Indiana. Its topograph­
ical features are subdued. It is free 
from swells and ridges. It shows the 
effects of age and weathering, for the 
soil has a developed profile of approx­
imately 10 f t . (3: 187). The "A" hori­
zon consists of about two f t . of silt and 

Fig. 19). Long shallow tributaries 
indicate low velocity of the runoff water. 
Where the gradient becomes steep and 
the runoff water cuts into the clay, the 
gullies become V-shaped. Secondary 
tributaries show minor slope control. 
Wide expanses show no developed drain­
age pattern; here the terrain is nearly 
flat and headward erosion has not cut 
into the silty "A" horizon. 

Wisconsin blacial Drift -Figure 20 is 
representative of a typical drainage 
pattern of the Tipton T i l l Plain which is 
an irregular, undulating sheet of t i l l . 
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Although the main streams in the illus­
tration are "roughly parallel, with few 

F i g u r e 2 1 . Low( A l t i t u d e O b i i q u e A i r p h o t o 
o f a W i s c o n s i n G l a c i a l D r i f t A r e a , T i p t o n 
C o u n t y , I n d i a n a - T h e B r o o k s t o n - C r o s b y 
s o i l p a t t e r n i s e a s i l y i d e n t i f i e d e v e n 
t h o u g h t h e f i e l d h a s a c o v e r c r o p . F a i n t 
n e a r - w h i t e l i n e s i n some o f t h e d a r k 
a r e a s show a t e n d e n c y t o w a r d g u l l y d e ­

v e l o p m e n t . 

Ti l l Plain is featureless - differences 
in elevation being from 2 to 20 f t . It 
has been referred to as a region of 
"little relief and meager modification 
by dissecting streams" (24: 17). The 
drift is recent in age - it is unconsoli­
dated and, therefore, pervious. This 
reduces the amount of small gullies, for 
part of the runoff becomes subsurface 
drainage. Besides the drainage pattern, 
an o u t s t a n d i n g identifying airphoto 
element is the "marbleized" or "black-
and-white mottled" pattern often re­
ferred to as the Brookston-Crosby 
pattern (23: 39) ( S e e Fig. 21). The 
drainage of the t i l l plain is connected 
through the darker, lower-lying de­
pressions. These dark areas indicate 
the presence of moisture, silty clays, 
clay, and organic matter in the soil 
(14:27). Gentle gradients of these 

F i g u r e 2 2 . D r a i n a g e P a t t e r n o f G r a n u l a r T e r r a c e ( 2 0 ) - L e f t - A i r p h o t o o f A r e a i n 
V e r m i l l i o n C o u n t y , I n d i a n a - R i g h t - D r a i n a g e Map o f Same A r e a - S h a d e d s p o t s a r e w a t e r -

f i l l e d g r a v e l p i t s . 

and only short tributaries" the general 
drainage pattern of the t i l l plain is 
broadly dendritic - very coarse textured 
(15:390). It has the appearance of the 
forked ends of chain lightning (Also see 
Fig. 1). The topography of the Tipton 

depressions prevent any but sheet 
erosion over extensive areas. The 
divides are flat and the streams slug­
gish. Wherever the gradient becomes 
steep enough for gullies to form these 
gullies are like "grooves" in the plain 
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and they empty into creeks which flow 
in shallow, wide "valleys". The drain­
age of a glaciated region has been de­
scribed as "glacially disturbed" for 
drift deposits have obscured pre-glacial 
stream systems and new drainage 
systems have developed (26). 

Granular Terrace - Figure 22 is the 
weakly developed dendritic drainage 
pattern c h a r a c t e r i s t i c of granular 
terraces found in the Wabash River 
valley in western Indiana. The almost 
total absence of surface drainage in the 
right half of the map in the illustration 
is a significant feature of the pattern. 
Internal drainage through infiltration 
basins provides an escape for nearly 
all runoff water. A few drainage ways 
follow depressions which are abandoned 
channels of the post-glacial braided 
stream that d e p o s i t e d the gravel. 
Occasional short, s t eep , V-shaped 
gullies are found along the terrace face 
next to the river. Gravel because of 
its porosity and permeability to water 
resists erosion. A most striking 
feature is the inability of the upland , 

pattern of medium density to that of the 
terrace gives the entire area an " i r ­
regular" drainage pattern (26) (See 
sketch of anomalous drainage pattern in 
Fig. 5). 

Terraces such as the one illustrated 

F i g u r e 2 3 . F l e x i b l e Pavemen t Cons t r u e t e d 
on an O h i o R i v e r G r a n u l a r T e r r a c e , 
S w i t z e r l a n d C o u n t y , I n d i a n a ( 2 0 ) - O n l y 
v e r y s h a l l o w s i d e d i t c h e s a r e r e q u i r e d 
b e c a u s e o f g o o d i n t e r n a l d r a i n a g e o f t h e 
t e r r a c e m a t e r i a l s . H i g h w a y s on g r a n u l a r 
t e r r a c e s u s u a l l y g i v e e x c e l l e n t p e r ­

f o r m a n c e . 

F i g u r e 2 4 . D r a i n a g e P a t t e r n o f G l a c i a l L a k e b e d - L e f t - A i r p h o t o o f G l a c i a l L a k e S o u r i s 
A r e a i n W a r d C o u n t y , N o r t h D a k o t a - M i g h t - D r a i n a g e Map o f Same A r e a - B a s i n s a r e 

!• • r | . ! o u t l i n e d by d o t t e d l i n e s . 

streams to cut across the terrace. The 
stream collecting the drainage of these 
upland streams flows in a slack water 
trough to a point where it can enter the 
river. The complete lack of relation­
ship of the upland subdendritic drainage 

are composed of granular materials 
transported by glacial melt waters 
draining Wisconsin drift areas and are 
important sources of gravel and sand 
throughout Indiana. Figure 23 shows 
excellent highway performance on a 
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similar granular terrace. 

Glacial Lakebed - Figure 24 illustrates 
the anomalous drainage pattern of an 
area in a glacial lakebed region. The 
gullies in the walls of the valley of the 

These lakebed sediments cover the 
uneven glacial drift of the inner border 
of a granular moraine which is a short 
distance southwest of the area illus­
trated. Lakebed silty clays are strat­
ified and impervious to water. They 

F i g u r e 2 5 . P o o r H i g h w a y P e r f o r m a n c e on 
G l a c i a l L a k e b e d S o i l s o f Ward C o u n t y , 

N o r t h D a k o t a 

F i g u r e 2 7 . T o p o g r a p h y o f A l t a m o n t M o ­
r a i n e i n Ward C o u n t y , N o r t h D a k o t a - L e f t 
- O r g a n i c S o i l s o f I n f i l t r a t i o n B a s i n 

F i g u r e 2 6 . D r a i n a g e P a t t e r n o f K e t t l e - K a m e M o r a i n e - L e f t - A i r p h o t o o f a P o r t i o n o f 
t h e A l t a m o n t M o r a i n e i n W a r d C o u n t y , N o r t h D a k o t a - R i g h t - D r a i n a g e Map o f Same A r e a -

I n f i l t r a t i o n b a s i n s a r e b o u n d e d b y d o t t e d l i n e s . 

river are typical lakebed gullies. The 
pattern of the shorter gullies is sub-
dendritic and that of the longer stream 
systems is pinnate. The pinnate drain­
age pattern is found in eroding silty 
soils. The upland areas - the even 
floor of the lakebed itself - contain 
small basins. These give the overall 
pattern its irregularity. The lakebed 
sediments are "comprised largely of 
sand, silt, and clay" (1: 59). 

are generally plastic and poorly drain­
ed internally (See Fig. 25). 

Kettle Kane Itoraine - Figure 26 illus­
trates the "kettle hole" drainage pat­
tern of a granular moraine. Granular 
knolls of various sizes and shapes are 
scattered over the area without orderly 
arrangement; these consist of uncon­
solidated gravels, sands, and boulders 
"with minor amounts of finer sediments" 
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(1:58). Numerous depressions called 
kettle holes are found among the knolls 
throughout the area. It is difficult to 
say whether the knolls or the depres­
sions predominate. There is no de­
veloped surface drainage in the area. 
Short, V-shaped gullies having steep 
gradients can be seen on some of the 
knolls; this is an identifying charac-

28 indicate beach lines where finer 
sediments (clays) have collected. These 
"bands" support vegetation for they 
retain moisture (See Fig. 29). Straight 
streams having box-like cross sections 
are formed by flash floods. 

Creat Plains Uantle (Ogallala) - Figure 
30 illustrates the lacunate drainage 

F i g u r e 2 8 . D r a i n a g e P a t t e r n o f V a l l e y F i l l M a t e r i a l - L e f t - A i r p h o t o o f A r e a i n 
I m p e r i a l C o u n t y , C a l i f o r n i a - D a r k b a n d s i n l o w e r l e f t c o r n e r o f a i r p h o t o a r e b e a c h l i n e s 
- h a v e f i n e - g r a i n e d s e d i m e n t s - R i g h t - D r a i n a g e Map o f Same A r e a - S h a d e d a r e a i s w a t e r -

f i l l e d b a s i n ( l a k e ) . 

teristic of a granular deposit. Drain­
age from the kettle holes is through the 
underlying gravels. Many of the de­
pressions have very small dendritic 
tributary systems. Some of the depres­
sions are partly filled with organic 
accumulations while others have more 
or less ephemeral lakes. The smaller 
depressions are nearly circular while 
the larger ones are elongated. The de­
pressions are closed basins from a few 
yai'ds to a mile or more in extent. The 
floors of some of the larger basins are 
level and are cultivated since the soils 
hold moisture for a period of time (See 
Fig. 27). 

Valley Fill Material -Figure 28 illus­
trates the parallel drainage pattern 
of valley f i l l materials. This area is 
the gently sloping apron of erosional 
debris accumulated from the nearby 
mountains. The texture of the material 
is predominately coarse, although dark 
bands in the airphoto portion of Figure 

F i g u r e 2 9 . P o o r H i g h w a y P e r f o r m a n c e i n 
V a l l e y F i l l M a t e r i a l s - N o r t h e a s t e r n 
N e v a d a - C o n s t r u c t i o n o p e r a t i o n s r e r j o v e d 
g r a n u l a r m a t e r i a l s - h i g h w a y r e s t s o n 

f i n e - t e x t u r e d s e d i m e n t s . 

pattern of an Ogallala area in the south­
ern Great Plains region. The relief of 
the area is gently undulating. There 
are no streams other than the small 
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dendritic systems of individual basins. 
Many of the depressions contain water 
for days and even weeks after a period 
of wet weather. The term "poly basin" 
might aptly be applied to this area 
because of the depressions. The subsoil 
is impervious; it is probably a "marl". 
Erosion is controlled by contour farm­
ing (Seethe airphoto portion of Fig. 30). 

sions are called "buffalo wallows" (See 
Fig. 31). 

Loess - The drainage pattern in deep 
loess deposits, illustrated by Figure 32, 
is a modified dendritic pattern referred 
to as pinnate because of the feather or 
frond-like appearance of individual 
tributary systems. The lateral gullies 

m 

F i g u r e 3 0 . D r a i n a g e P a t t e r n o f G r e a t P l a i n s M a n t l e ( O g a l l a l a ) - L e f t - A i r p h o t o o f 
A r e a i n Lamb C o u n t y , T e x a s - R i g h t - D r a i n a g e Map o f Same A r e a - W a t e r - f i l l e d b a s i n s 

;. a r e s h a d e d . ' ' • " 

mm-

F i g u r e 3 1 . ' ' B u f f a l o W a l l o w ' ' i n E a s t e r n 
C o l o r a d o N e a r K a n s a s S t a t e L i n e - T h e s e 
s l i g h t d e p r e s s i o n s a r e c l o s e d b a s i n s . 

In the inter-depression ridges the soils 
are silty and in places contain a large 
percentage of sand. The clay content of 
the soils increases toward the centers of 
the depressions. Locally these depres-

are short and spaced at "regular" in­
tervals along both sides of the principal 
tributaries which they enter at nearly 
right angles (See Fig. 33). The gully 
cross sections are hyoid shaped - like a 
"U"; and their gradients are compound 
- very steep at the headward end. Fig­
ure 32 is a striking example of eroding 
wind-blown silt found in parts of the 
Great Plains Region. The density of the 
pattern indicates large scale erosion in 
this area. Great Plains loess areas are 
generally nearly level tracts with very 
long, parallel, low, and fairly broad 
ridges which are not easily detected on 
single airphotos. Loess has a peculiar 
structure in that internal drainage is 
vertical. Where slopes are steep 
enough for erosion to start and where 
there is sufficient rainfall, the region 
soon becomes badly dissected. The 
ridges and valleys of deep loess depos­
its f ix the direction of the trunk streams 
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(16: 98). The principal tributaries are 
long and often nearly parallel to each 
other. 

The ridges of river valley loess are 
more pronounced than those in the Great 
Plains (See Fig. 34). 

the drainage map of the county (See Fig. 
35). 

It is easily seen that the dendritic 
drainage pattern at "A" is repeated in a 
band 5 to 10 mi. wide along the right 
bank of the Ohio River. It is possible. 

F i g u r e 3 2 . D r a i n a g e P a t t e r n o f L o e s s - L e f t - A i r p h o t o o f A r e a i n L i n c o l n C o u n t y , 
N e b r a s k a - R i g h t - D r a i n a g e Map o f Same A r e a 

F i g u r e 3 3 . G u l l y S y s t e m i n L o e s s - C o v e r e d 
A r e a , P o s e y C o u n t y , I n d i a n a - L a t e r a l 
g u J l i e s t o t h e r i g h t and l e f t o f t h e 
m a i n g u l l y f o r m t h e p i n n a t e d r a i n a g e 
p a t t e r n by w h i c h l o e s s - c o v e r e d r e g i o n s 

c a n be i d e n t i f i e d . 

THE APPLICATION OF DRAINAGE 
PATTERNS IN THE IDENTIFICATION 
OF REGIONAL SOILS AND BEDROCKS 

Drainage patterns can be used in the 
identification of soils and bedrocks of an 
area. This statement is verified by the 
compilation from airphotos of a detailed 
surface drainage map of Switzerland 
County, Indiana (19). Three drainage 
patterns may be recognized readily in 

F i g u r e 3 4 . H i g h w a y C o n s t r u c t e d T h r o u g h 
R i d g e s o f L o e s s , N o r t h o f V i c k s b u r g , 

M i s s i s s i p p i - R o a d c u t s a r e v e r t i c a l . 

then, to state with reasonable accuracy 
that bedrock materials (Ordovician lime­
stones and shales) similar td those found 
at "A" wil l be found throughout this 
band. 

It is observed, also, that the sub­
dendritic drainage pattern at "B" is 
repeated in an area, centering about 
"B", of 35 to 40 sq. mi. in extent. It 
is possible to state, with assurance, that 
one material (lUinoian glacial drift) is 
the surface soil throughout this entire 
area. 

The weakly deve loped dendritic 
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drainage pattern at "C" identifies a 
granular terrace. Similar patterns are 
detected about five mi. to the right of 
"C", and about five mi. to the left of 
"C". Knowing that a granular terrace 
exists at "C", it is within reason to 
predict that granular terraces are to be 
found in the other two areas. 

application of keen observation on the 
part of the airphoto interpreter. The 
correlation of the salient characteristics 
of drainage patterns with known types of 
land surface materials is dependent 
upon his ability to understand the sig­
nificance of the form and texture of the 
developed d ra inage patterns. This 

» % P i. t f 

F i g u r e 3 5 . T h e d r a i n a g e map o f S w i t z e r l a n d C o u n t y , I n d i a n a , e x h i b i t s t h e f o l l o w i n g 
d r a i n a g e p a t t e r n s : ' ' A ' ' - D e n d r i t i c d r a i n a g e p a t t e r n o f O r d o v i c i a n 1 i m e s t o n e - s h a l e 
r e g i o n s ( S e e F i g . 2 a n d 7 ) . " B " ' - S u b d e n d r i t i c d r a i n a g e p a t t e r n o f I l l i n o i a n g l a c i a l 
d r i f t r e g i o n s ( S e e F i g . 3 a n d 1 8 ) . " C ' - W e a k l y d e v e l o p e d d e n d r i t i c d r a i n a g e p a t t e r n 
o f r i v e r v a l l e y g r a n u l a r t e r r a c e s ( S e e F i g . 2 2 ) . ( T h i s map was c o m p i l e d f r o m a e r i a l 
p h o t o g r a p h s i n t h e l a b o r a t o r i e s o f t h e J o i n t H i g h w a y R e s e a r c h P r o j e c t a t P u r d u e U n i v e r ­

s i t y , L a f a y e t t e , I n d i a n a . S c a l e : T y p i c a l s q u a r e o f g r i d s y s t e m e q u a l s one s q . m i . ) 

• SUMMARY AND CONCLUSIONS 

The recognition, on aerial photo­
graphs, of the patterns of stream 
systems of an area is essentially the 

understanding makes possible the draw­
ing of tentative conclusions regarding 
the identity of regional soils and bed­
rocks. 

Drainage patterns are formed of 
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straight and curved lines. Where there 
I S no structural control stream channels 
are curved. In regions of residual 
materials the drainage network depends 
upon the distribution of bedrock, and its 
surfaces of weakness. If the plan of a 
drainage system conforms with the 
structure of the bedrock, the same re­
peating pattern of uniformly-spaced 
fractures in that rock may be expected 
to ^pear in the lines of the drainage 
pattern. If the bedrock fractures are 
straight the streams will be straight 
between angular bends. Streams with 
steep gradients tend to be straight also. 

Smce most streams have their be­
ginnings in soils or thinly mantled 
bedrocks, the patterns of streams of 
lower order (first, second, third, etc.) 
furnish clues by which those soils or 
bedrocks can be identified. It is the 
streams of higher order that show the 
influence of the structural control of the 
bedrocks. 

Drainage patterns are coarse-tex­
tured in regions where the bedrock or 
soil mantle is resistant to erosion; e. g., 
sandstones, granular deposits, uncon­
solidated glacial drift. Fine-textured 
drainage patterns are associated with 
materials non-resistant to erosion; 
e. g., clay shales, silts, sand clays. 

In other words, the drainage pattern 
reflects the porosity of the soil or bed­
rock in which it is foimd. Likewise, 
the relative depth of the soil mantle and 
the dip of the bedrock may be inferred. 

Drainage patterns are classified for 
convenience of describing and comparing 
them. However, regardless of the name 
assigned to a regional drainage pattern, 
once it is established for a particular 
type of soil or bedrock, similar drain­
age patterns recognized within the 
region indicate the presence of materials 
similar to those associated with the 
established pattern. 

By studying first the particularly 
conspicuous features of the overall 
drainage lines of a region it is possible 
to make deductions concerning bedrock 
structural control of the streams of the 
area. Moving, then, from the general 
to the specific, the details of the patterns 
formed by the headwater tributaries are 
the means by which repetitive drainage 

patterns within the region are classi­
fied. Accidental localized variations m 
those recurring patterns are disregard­
ed. Recurring patterns are similar 
but rarely identical. 

On the basis of observations made 
during the analyses of recurring drain­
age patterns in various physiographic 
regions throughout the United States, 
the following conclusions have been 
reached: 

1. Drainage patterns may be clas­
sified according to the basic types or 
modifications of them. 

2. There is a high degree of cor­
relation between the drainage patterns 
and the soils and bedrocks of regions. 

3. Drainage patterns recognized in 
the aerial photographs of a region can 
be relied upon to aid in the airphoto 
identification of the soils and bedrocks 
of that region. 
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MAPS F O R CONSTRUCTION M A T E R I A L S ' 

Frank E . Byrne, Geologist, United States Geological Survey 

SYNOPSIS 

The basic materials that the engineer needs for construction are the rocks and sediments of the 
earth's crust. The geologist, because of his experience In mapping these same rocks and sedi­
ments, I S well qualified to prepare the maps the engmeer needs m his search for construction 
materials. The completion of sHort- and long-range construction programs requires great 
quantities of these basic materials. The use of the geologist m preparing materials maps will 
result in considerable reduction m the cost of engmeering construction. 

The three prmcipal kinds of construction-material m^s are discussed: material-site, mate-
erial-distribution, and surface-geology. 

Uatenai-Site Uaps - The material-site map is the least expensive of the three kmdsto prepare. 
It I S an excellent mventory of materials that have already been found and tested, but it includes 
only those known to the compiler by reason of the basic data with which he has been supplied. 
It does not show other construction materials that may be present in the same area but have not 
previously been needed and tested. It is a poor basis for the search for additional materials. 

Uatenai-Distribution Uaps - The m ^ is based on the geologic maps available for a region. 
Each outcropping formation shown on a geologic map is classified as to the kind of construction 
material that can be produced from it. The area of outcrop of that geologic formation, then, is 
the area of distribution of that material. 

The cost of a material-distribution map is only moderate. The map is an exc;ellent inventory 
of all kmds of material available in a region, and it shows the potential production areas for each 
material. 

Surface-Geology Uaps -The surface-geology m ^ combines many of the useful features of the 
other two kinds. It is constructed to a relatively large scale; it shows the outcrop areas of all 
geologic formations and the locations of existmg pits and quarries m the area. 

A field party maps the geologic formations, both consolidated rocks and unconsolidated sedi­
ments, usually on aerial photographs. The party plots the locations of all existmg pits and 
quarries, locates additional materials, and collects samples for laboratory testing. 

The surface-geology map is the most e:q)ensive of the three to prepare. The ê qiense, how­
ever, I S a self-liquidating one and the money expended is returned many times over. The map 
itself serves mdefmitely as a completely adequate base for the efficient search for materials, 
and I S also a valuable source of information for the planning engineer, for the design engineer, 
and for the engmeer estimatmg the cost of construction. 

Basis of tt)is Evaluation - This paper 
I S based upon experiences as a geologist 
assigned to the mapping of engineering 
construction materials in Kansas and 
the preparation of maps to be used in 
the search for materials in the western 
part of the United States. The work in 
Kansas is a cooperative project of the 
Geological and Materials Departments 
of the State Highway Commission of 
Kansas and the Engineering Geology 
Branch of the United States Geological 
Survey. It is a continuing project that 

'Published by permission of the Director, 
US Geological Survey. 

was started in 1946. The work in 
western United States is in cooperation 
with the Military Geology Branch of the 
Geological Survey. 

Definition of Engineering Construction 
Uaterials - As the term is used in this 
paper, engineering construction mate­
rials are defined as the naturally occur­
ring materials of the earth's crust that 
require no more than inexpensive proc­
essing before use in construction. Sand, 
gravel, silt, limestone, and gramte are 
some of the materials included in this 
restricted definition. Products derived 
from the rocks of the earth's crust that 
must be given expensive processing or 
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manufacture before they can be used ui 
construction are excluded. 

Need fot Construction Uateridls - The 
basic materials for engineering con­
struction, such as sand-gravel, lime­
stone, andgranite, are needed m greater 
quantities than ever before. They are 
needed under short-range programs to 
repair the damages resulting from the 
shortages in manpower and materials 
prevailing during the war years. They 
are needed under long-range programs 
m ever greater quantities to complete 
the construction already far along in the 
plannmg stage. 

These basic materials are a major 
item of cost m every construction 
project, whether i t be a highway, an 
airport, or a dam. Through the prep­
aration of adequate maps and by the 
effective use of those maps in the field 
exploration for materials, the nearest 
source of acceptable materials to the 
project can be located. Haulage costs, 
therefore, can be reduced to the mini­
mum. In many cases this saving alone 
wil l repay the ê qpense of map prepara­
tion many times over. 

larger scale if i t is to be used as a 
part of the construction program of a 
single project. Although generally 
constructed in the office from available 
pit and quarry data sheets, and not 
field checked, this kmd of map can be 
checked very thoroughly m the field and 
amplified by that field work. 

64 m i l e s 

Kinds of Uaterials Uaps - There are 
three principal kinds of materials 
m^s : (1) material-site, (2) material 
distribution, and (3) surface-geology. 
The material-site map is a familiar 
one; maps of this kmd have been pre­
pared for many regions of the United 
States. The other two, the material-
distribution and surface-geology maps, 
have been adapted for use in material 
e}q)loration as the result of the work 
now being carried on in western United 
States and Kansas. 

MATERIAL-SITE MAPS 

Description • The material-site map 
shows the location of pits and quarries 
that are now being operated or that have 
been operated in the past. (See Fig. 1, 
Example of a Material-Site Map.) The 
map is usually prepared to a relatively 
small scale, 1 in. equals 10 or 15 m i . , 
but may be constructed to a much 

Figure 1. 
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• A g g r e g a t e 

• S t o n e 

o M i n e r a l f i l l e r 

Example o f a 
Map 

M a t e r x a l - S i t e 

Most material-site maps show the 
kind of material available at any one 
place by the use of identifying symbols, 
which may be black and white or may be 
colored. In addition, each one of the 
pit and quarry locations shown is keyed 
through an index number to a source of 
basic data on the test properties of that 
material. 

Advantages of Uaterial-Site Uaps 
Among the advantages inherent in a 
material-site map is that of the rela-
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tively low cost of preparation. The 
basic data needed by the compiler are 
already available in the files of the 
materials department. Probably the 
cost of such a map for Kansas would 
range from $10,000 to $15,000, and 
would include the expenses of compila­
tion, drafting, and publication. It 
would not, however, provide for collect­
ing and testing additional samples of 
materials. 

A material-site map is of great 
value m a short-range construction 
program. It serves as the record of 
materials known to be immediately 
available in every part of a wide area, 
and also indicates the existing pits and 
quarries from which these materials 
can be produced. The statistical data 
correlated with the map will show the 
quantity and quality of the material 
available at each site as of the date of 
compilation of the m ^ . It is a useful 
inventory of construction materials. 

In some circumstances, the mate­
rial-site map is the only kind that can 
be prepared for a region. During 
World War n , for example, material-
site maps were prepared by the US 
Geological Survey to show the available 
sources of construction materials in 
enemy-held territory. Even though 
the maps were prepared from no more 
than library data, they were found to 
be very useful to Army engineers after 
invasion had been accomplished. 

Disadvantages of Uaterial-Site Uaps -
Several disadvantages are inherent in a 
material-site map. It mcludes only 
those material-site locations known to 
the compiler by reason of the basic data 
with which he has been supplied. It is 
entirely possible that some agency 
unknown to him has opened pits and 
quarries in the region. Data on such 
sites are not available for his use and, 
therefore, his inventory of construction 
materials cannot be complete. 

Nor does a material-site m j ^ show 
all of the kinds of construction materials 
available in a region; i t shows only the 
sources of materials used in past con­
struction. In one year, for example, a 
field party may explore an area for 
sand-gravel. This party, seeking only 

sources of acceptable sand-gravel, 
probably would take little note of other 
construction materials in the area. But 
five years later a new construction 
project in the same area might require 
limestone for use as riprap. A second 
materials party would then have to go 
over much of the area covered earlier 
by the f i r s t party. And with each new 
material requirement there would be 
the accompanying expense of re-e;q>lor-
mg the area. A material-site map is 
not a complete record of the past ex­
ploration for materials. 

MATERIAL-DISTRIBUTION MAPS 

Description • The material-distribution 
map can be used as the basis for ma­
terials exploration in regions in which 
little e:q>loration has yet been done or 
for which data are inadequate or are 
not available. The map is usually 
prepared to a small scale, one in. 
equals 10 or 15 mi. However, i t is 
entirely possible to prepare such a map 
to a larger scale, one in. equals one or 
two m i . , if there is an adequate source 
of information. 

The map is generally prepared in the 
office, but a field check may be under­
taken if the circumstances indicate its 
advisability. Maps of this kind are now 
being prepared for a number of states 
in the western part of the United States. 

The material-distribution map is 
constructed on the basis of whatever 
geologic maps are available for the 
region. Each outcroppmg formation 
shown on the geologic map is classified 
as to the kind of material that can be 
produced from it. The area of outcrop 
of a geologic formation, therefore, is the 
area of outcrop of that construction 
material. Instead of depicting the out­
crop areas of geologic formations, the 
map shows the outcrop areas of sand-
gravel, limestone, granite, and other 
basic materials needed for engineering 
construction. 

In one part of western Montana (see 
Fig. 2, Geologic Map of a Part of 
Western Montana), the geologic map 
shows the areas of outcrop of deposits 
laid down by present-day streams (Qa), 
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somewhat older deposits laid down on 
the floors of ancient lakes (Tl), the 
Madison limestone (Cm), the Siyeh 
group (p€s), and the outcrop areas of 
sti l l other geologic formations not 
designated by symbols on the map. The 
stream and lake deposits are known to 
be composed predominantly of sand and 
gravel, and would be classified as a 
smgle materials unit, sand-gravel. The 
areas m which the stream- and lake-
deposited sediments are shown on the 
geologic map would be the source areas 
for sand-gravel shown on a material-
distribution map. (See Fig. 3, Material-
Distribution Map of a Part of Western 
Montana.) 

The Madison limestone shown on the 
geologic map would be classified as 
limestone and so, too, would the Siyeh 
group of formations, although the latter 
includes some thm beds of shale. (See 
Fig. 2.) The outcrop areas of the two 
formations, when transferred to a 
material-distribution map, would then 
show th'e potential production areas of 
limestone in this part of the State. (See 
Fig. 3.) 

Advantages of Uaterial-Distribution Uaps -
The example described above demon­
strates the prmcipal advantages of a 
material-distribution map. It shows 
the areas from which all kinds of con­
struction materials in the region might 
be produced. Further, the map shows 
also the areas in which any one material 
cannot occur. A materials party, using 
this map as the basis for its field ex­
ploration, knows exactly the areas to 
search for a specified material, areas 
of outcrop of other materials can be 
eliminatedfrom the exploration program 
even before the party goes mto the field. 
Time and money are saved. 

As another point m its favor, the 
material-distribution map serves as an 
adequate inventory of all the construction 
materials m the region it depicts, in 
which respect it is an improvement 
over the material-site map. The ma­
terial-distribution map shows the areas 
of outcrop of all available materials, 
not just the places from which ma­
terials have been produced for past 
construction. 

Although the preparation of a mate­
rial-distribution map IS more expensive 
than that of a material-site map, its 
final cost I S sti l l moderate. Unless a 
field check is undertaken, the only 
expenses are the salaries of a geologist 
to make the materials conversion and a 
draftsman, and the cost of publication. 
Usmg Kansas as the basis for the esti­
mate, the total cost of the project 
probably would be about $20,000, in­
cluding publication of the map. 

Disadvantages of Uaterial-Disfribufion 
Uaps - The principal disadvantage in­
herent in a material-distribution map is 
the possible inadequacy of the geologic 
maps available for a region. If the 
geologic map is not adequate, the ma­
terial-distribution map cannot be ade­
quate. And, unfortunately, adequate 
geologic maps are available for only a 
small part of the United States, although 
various State and Federal agencies 
hope to remedy this deficiency by com­
pleting a series of long-range mapping 
programs. 

The map does not have m it the basis 
for correlating test and performance 
data with the materials i t shows. Some 
limestones are sound and wear-resist­
ant; they are acceptable sources of 
riprap. Other limestones are unsound, 
or wear or slake rapidly. The accept­
able limestones are not distinguished 
from the unacceptable on a material-
distribution map. Whatever their test 
properties, all limestones are shown by 
the same map symbol and pattern. 

SURFACE-GEOLOGY MATERIALS 
MAPS 

Description - A surface-geology mate­
rials map combines many of the useful 
features of the other two kinds. How­
ever, i t I S by far the most expensive 
of the three to prepare. The map is 
usually constructed to a relatively large 
scale, one in. equals one mi. or two in. 
equal one mi. It shows the areas of 
outcrop of all geologic formations, both 
the consolidated rocks and the uncon­
solidated sediments. And its scale is 
large enough that all pits and quarries 
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can be clearly and accurately shown and 
indexed. 

About 20 counties in Kansas have 
been mapped with the materials objective 
as the primary one. gurface-geology 
maps have already been published for 
an even greater number of counties by 
the cooperating Ground-Water Divisions 
of the Kansas and United States Geolog­
ical Surveys; each of them can be readily 
adapted so as to show the areal dis­
tribution of sources of construction 
materials. 

visit all pits and quarries reported in 
the files of the State Highway Depart­
ment's testing laboratory. The location 
of each one is plotted on a map, and the 
geologic formation from which the mate­
rial was obtained is noted for future 
correlation. They also collect samples 
from new prospective material sites 
and send them to the testing laboratory. 

The materials inventory for each 
county consists of a combined surface-
geology and material-source map, a 
tabulation of materials tests, and a 
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Materials mappmg m Kansas is done 
m this way: A two-man field party is 
sent to a county in vt^ich there is a 
known shortage of materials for con­
struction already in sight. One man is 
employed by the Geological Department 
of the Kansas Highway Commission, 
and the other is a member of the Engi-
neermg Geology Branch of the US 
Geological Survey. The party generally 
uses large-scale aerial photographs as 
the map base. Ejqperience has demon­
strated that the photos serve as a means 
of reducing field time without sacrific­
ing map accuracy. The outcrop areas 
of all geologic formations in the county 
are drawn directly on the photographs. 

As the field men map the distribution 
of the geologic formations, they also 

written text. The text describes the 
geology of the county and the construc­
tion materials available in the county. 
The correlation of the test characteris­
tics of the various materials with the 
geologic formations from which they 
can be produced is also a part of the 
text. 

Disadvantage of a SurfaccCeology Uafe-
rials Map - One dubious disadvantage is 
inherent in a surface-geology map: it 
is expensive to prepare. This kind of a 
materials inventory costs about $5,300 
for the average county in Kansas. But 
this sum I S close to the minimum; the 
total cost might be several times greater 
for many regions in the United States in 
which more complicated geology is 
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encountered. In preparing a cost esti­
mate for the average Kansas county, 
$2,500 I S allotted for the salaries and 
subsistence of the field men; $900 for 
transportation and other field expenses, 
$200 for laboratory tests of additional 
samples collected in the course of 
field work; $900 for the expense of 
drafting illustrations and writmg the 
report; and $800 to defray the cost of 
publication. 

possible sources of riprap. No one of 
them contains a material useful as 
riprap, as is shown in the descriptions 
of these formations. 

However, the two limestones and the 
flint formation are potentially productive 
of acceptable riprap. The Florence 
flint and the Wreford limestone are 
flinty limestones and test data already 
at hand show that they are unsound and 
therefore fai l to meet specifications. 
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Figure 6. Geolog ic Formations o f N o r t h c e n t r a l Kansas 

Advantages of a Surface-Geology Uaterials 
Uap - Two examples illustrate the use­
fulness of a surface-geology map m the 
exploration for construction materials. 
In one part of northeastern Kansas, 
outcrops of the following geologic for ­
mations occur: alluvium and terrace 
deposits in the valleys of streams, the 
Sanborn formation on the tops of the 
interstream areas, and the Fort Riley 
limestone, the Florence fl int , the 
Matfield shale, and the Wreford lime­
stone. (See Fig. 4, Geologic Forma­
tions of Northeastern Kansas.) 

If it is assumed that stone for riprap 
is needed m construction planned for 
this area, the alluvium, terrace depos­
its, Sanborn formation, and the Matfield 
shale can be elimmated immediately as 

But tests of the Fort Riley limestone 
indicate that it is sound, develops little 
abrasion loss, and has a specif ic gravity 
of 2. 6; obviously i t is the best loc^ 
source of stone for r i p r ^ . 

Using the surface-geology map of the 
area as its guide, the materials men 
locate the quarry site m an outcrop of 
the Fort Riley limestone at the most 
accessible point nearest the construc­
tion project. (See Pr on Fig. 5, Sur­
face-Geology Map of a Part of North­
eastern Kansas.) The absolute minimum 
of field time and expense is required, 
and the engineer can be confident that 
riprap produced from the Fort Riley 
limestone wil l give good service in the 
construction. 

Another example selected from an 



71 

entirely different geologic setting 
demonstrates the same usefulness of a 
surface-geology map. The Sanborn and 
Ogallala formations, the Smoky Hil l 
chalk member and the Fort Hays lime­
stone member of the Niobrara formation, 
and the Carlile shale outcrop in a part 
of north-central Kansas. (See Fig. 6, 
Geologic Formations of North-Central 
Kansas.) Sand-gravel for use as mixed 
aggregate is needed for nearby con­
struction. The descriptions of four of 
the geologic formations show that they 
are not potential sources of sand-gravel. 
The Sanborn formation is composed of 
clayey silt, and if not too clayey, might 
be a source of mineral f i l le r ; the Smoky 

the Sanborn formation, Smoky Hill 
chalk, Fort Hays limestone, and Carlile 
shale from the field program. (See Fig. 
7, Surface-Geology Map of a Part of 
North-Central Kansas.) The areas 
nonproductive of sand-gravel are avoid­
ed, and the search is confined to the 
outcrop areas of the Ogallala formation 
as shown on the surface-geology map. 
The most economic source of sand-
gravel is then located with the least 
ejqjenditure of field time and money. 

It is possible also to estimate the 
quantity of material available at any one 
place and the overburden to be expected 
there from information contained in the 
surface-geology map and the report that 

Scale 
2 miles 

EXPLANATION 

Os 

Sanborn formation 
(UImm filler) 

Ogoliolo formation 
(Aggregatt, nprop, 

and dimension stone) 

Smoky Hil l ctialk 
member 

(Calcareous binder) 

Fort Hays limestone 
member 

(Calcareous Hinder 
• and dimension slonel 

Corlile sliale 

Figure 7. Surface-Ceology Map of a P a r t o f Northcentra l Kansas 

Hill is a chalking shale and is a source 
of calcareous binder; the Fort Hays is 
chalky limestone and is a source of 
binder and dimension stone; and the 
Carlile is a clay shale. But the Ogallala 
formation contains numerous beds of 
gravelly sand, and the test character­
istics of the Ogallala material indicate 
that it probably will be acceptable for 
use as mixed aggregate. 

Basing its exploration on the surface-
geology map of the area, the materials 
party elimmates the outcrop areas of 

accompanies it. The physical charac­
teristics, includmg thickness, of a 
geologic formation composed of con­
solidated rock are fairly consistent 
over a moderately extensive area; 
unconsolidated sediments vary more 
rapidly. If a layer of limestone is 
known to be 10 f t . thick, the approxi­
mate quantity of it available at any one 
place can be estimated by determining 
the areal extent of its outcrop, as shown 
on a surf ace-geology map, at that place. 

The character and thickness of over-
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burden also can be interpreted from a 
surface-geology map. A geologic for ­
mation composed of consolidated rock 
that overlies a potentially material-
productive formation probably wil l prove 
more difficult and e;q)ensive to remove 
than an overburden formation composed 
of unconsolidated sediment 

The surface-geology m ^ is not only 
useful as the basis for materials ex­
ploration, but i t can be employed also 
to advantage in engineering planning and 
design. A flinty limestone, for example, 
often discharges significant amounts of 
water. Knowing that, the engineer may 
want the alignment to avoid as many of 
the outcrops of that limestone as possi­
ble, or wil l specify that appropriate 
drains be designed for those places 
where avoidance is not possible. Then, 
too, the engineer can determine the kind 
of excavation to be expected at all places 
along an alignment from the information 
presented to him by the surface-geology 
map. Some geologic formations require 
rock excavation, others require common 
excavation, and the kind can be inter­
preted from the geologic map. Such a 

map, therefore, serves a multiple 
purpose in civil engineering. 

SUMMARY 

A material-site map serves as a 
useful inventory of construction mate­
rials immediately available in a region. 
A material-distribution map provides 
an excellent base for the exploration 
for construction materials, and is a 
complete inventory of all materials 
available in a region. 

A surface-geology map, although 
e;q)ensive to prepare, is the most sat­
isfactory of the three kinds of materials 
maps because in itself i t is a complete 
inventory of all available construction 
materials and provides the best possible 
basis for the search for a material to 
meet certain specifications. It is useful 
also for estimating available quantities 
of material, the character and thickness 
of overburden, the existence of possible 
causes of failure of construction, and 
the kind of excavation to be expected at 
any one place. 
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DEVELOPMENT OF GEOPHYSICAL METHODS OF 
SUBSURFACE EXPLORATION IN THE FIELD 

OF HIGHWAY CONSTRUCTION 

R. Woodward Moore, Highway Engineer 
Physical Research Branch, Bureau of Public Roads 

Smce 1933 the Bureau of Public 
Roads, through its Physical Research 
Branch, has had in progress a study of 
geophysical methods of e:q>loring the 
substrata as applied to highway engi-
neermg problems, including the devel­
opment of instruments and of methods of 
mterpretation of the data obtained. 
Early developments were reported in 
papers published in 1935 (15)̂  and in 
1936 (17). Both earth resistivity and 
refraction s e i s m i c apparatus were 
adâ pted or developed for use in the 
shallow subsurface e}q>lorations usually 
associated with highway construction. 
Special attention was given to the ne­
cessity for portable \mits capable of 
being transported by hand into areas 
where reconnaissance surveys might be 
required. Figures 1 and 2 show re­
spectively the seismic equipment and 
earth resistivity ^paratus now in use. 

A large amount of data has been 
obtamed by the Bureau of Public Roads 
with this equipment applied to such 
problems as slope design, classification 
of excavation materials on grading 
projects, foundation studies for bridges, 
buildirigs and other structures, in­
vestigation of tunnel sites, location of 
sand, gravel, solid rock and special 
soils for use in construction, determina­
tion of depth of peat and muck in swampy 
areas, and studies of existing and 
potential slide areas. 

These field studies have been carried 
out m the following States: Washington, 
Oregon, California, Montana, Idaho, 
Colorado, Arkansas, Missouri, Iowa, 
Michigan, New York, Connecticut, 
New Hampshire, New Jersey, Pennsyl-

^Numbers in parentheses refer to a list of 
references at the end of this paper. 

vania, M a r y l a n d , Virginia, North 
Carolina, Tennessee, Georgia, Florida, 
and in the District of Columbia. 

In general, the data obtamed have 
shown that both the seismic and the 
resistivity methods of test have merit, 
particularly as rapid and relatively 
inexpensive methods of exploration for 
use in preliminary surveys. As a 
result of demonstration work done m the 
States of New York, Connecticut and 
New Hampshire, the Corps of Engi­
neers, US Army, adopted the seismic 
test as a more or less standard pro­
cedure in p r e l i m i n a r y subsurface 
e^qplorations in connection with investi­
gations of possible dam sites for flood 
control. Hundreds of dam sites have 
been investigated by this method since 
the latter part of 1938 (19, 21, 23). 

World War I I caused curtailment of 
the use of the geophysical methods of ex­
ploration with the general decrease in 
civilian construction, but an increased 
interest is bemg manifested at the 
present time. The New York Department 
of Public Works has purchased equip­
ment of both types and has assigned 
personnel to a continuing program of 
geophysical test as apart of a regularly 
instituted program of subsurface ex­
ploration. The geophysical work has 
been in progress smce the early part 
of 1948, and it is hoped that reports of 
the successful application of both seismic 
and resistivity tests to the solution of 
construction problems withm the State of 
New York will be made available in the 
nearfuture. The Pennsylvania Turnpike 
Commission has kept two earth resis­
tivity parties m the field since July 
1948 m a systematic resistivity survey 
of well over 100 mi. of right-of-way 
for extensions to the present Turnpike 
system. The Michigan State Highway 
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Department has purchased resistivity 
apparatus for use in locating construc­
tion materials and on other construction 
and maintenance problems of that State. 
The Massachusetts Department of Public 
Works has had in progress since 1944 
aprogram involving the use of refraction 
seismic tests in studies of highway 
grading projects and structure sites in 
Massachusetts. A report on this work 
was made at the 27th Annual Meeting of 
the Highway Research Board (29). The 
States of Wisconsin, Minnesota, Mis­
souri, California, Texas and Illinois 
have each had some experience in the 

integral part of our highway construction 
program, it may be of interest to review 
briefly the theoretical aspects of the 
two methods of test and to consider in 
more detail their application in the field. 

B R I E F DISCUSSION OF THE THEORY 
INVOLVED IN THE GEOPHYSICAL 

TESTS 

Refraction Seismic Test ^-The seismic 
method of subsurface exploration con­
sists of creating sound or vibration 
waves within the earth, usually by 

Figure 1. Re f r a c t i o n Seismograph Developed by the Bureau of P u b l i c Roads for Use i n 
Shallow Subsurface Explo r a t i o n s 

application of earth resistivity tests to 
highway construction problems (5, 9, 10, 
14). The State highway departments of 
Georgia and Arkansas have expressed 
an active interest in an early application 
of earth resistivity tests to construction 
problems peculiar to their respective 
States. 

With this brief summary of the 
present status of geophysics as an 

exploding small charges of dynamite 
buried three or four ft beneath the 
surface, and measuring the time of 

^For a more detailed description of the 
apparatus see reference 15, and for addi­
tional discussion of the interpretation of 
refraction seismic data, together with their 
application to various field problems see 
references 19, 21 and 23. 
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travel of these waves from their point 
of origin to each of several detectors 
placed at known distances from the 
source. The variation in mechanical 
energy transmitted to the detectors, 
or "seismic pick-ups" are converted 
into variations in electrical energy 
which, in turn, are used to deflect 
light rays reflected from small mirrors 
that are a part of sensitive galvanom­
eters and these deflections are recorded 

to a time interval of 0.005 sec. It is 
usually possible to estimate to one-tenth 
part of this time interval. 

The time lines are placed on the film 
by means of a suitably placed light 
source and a tuning fork operating at 
100 cycles per sec and equipped with 
thin phosphor-bronze plates on each 
tine having narrow slots which cause 
200 flashes of light to reach the film 
during each sec of time. 

Figure 2. Apparatus Used by the Bureau 
of P u b l i c Roads i n Shallow E a r t h - R e s i s ­

t i v i t y Operations 

photographically on rapidly movingfilm. 
Electrical circuits are so arranged as to 
obtain one impulse at the instant of firing 
the shot and another as the first wave 
reaches each detector. Figure 3 shows 
typical seismic records, the small 
break in the righthand trace on each 
film indicating the start of the wave and 
the three separate breaks in the three 
traces on each of the films shown in­
dicating the arrival of the wave front at 
each detector. The space between the 
transverse lines on the film corresponds 

Figure 3. Typical Seismic Records -
Note: For c l a r i t y i n i l l u s t r a t i o n the 
l i g h t t races were inked i n before t h i s 

p r i n t was made. 

The time data obtained from film 
records and the measured distances 
along the ground surface, between the 
shot point and the detectors, are plotted 
in the form of time-distance gr^hs 
from which the depth and probable 
character of the various subsurface 
formations a r e determined. Wave 
velocities range from approximately 
600 ft per sec in light, loose soils to 
about 18,000 to 20,000 ft per sec in 
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dense solid rock. This wide range in 
wave velocities makes possible de­
termination of the general character 
of the materials encountered and by use 
of simple formulas the average depth 
to the various substrata can be calcu­
lated. A knowledge of the local geology 
helps materially in a more accurate 
identification of the formations . en­
countered. 

Figure 4 to better illustrate the wave 
travel for short distances involving the 
low velocity soil and the longer dis­
tances in the rock stratum, only three 
detectors are required for the three-
channel seismograph used by the Bureau 
of Public Roads. The usual procedure 
when using this type of equipment is to 
place the three detectors on the ground 
in a line and at intervals of 25 to 50 f t 

*»Exnj0SlO>l OR 
&<0T POOfT ' 

THE SOIL TRANSHITS THE 
SOtKD WAVSATA u m 

• ^3 = DISTANCE IN FEET, TjaTIME CM SECDNIS FOR TREMOR TO REACH OETECTOR D3 

.DISTANCE IN FEET 7^> TIKE IN SECONDS FOR TREMOS TDREACH/>e -

TO REACH O, -Z i -OlSTANCt IN FEET r,» rwE m 
£o«DI5TMCE1«FEET 

SURFACE 

SMAEL 
CHARGE O F DVHAmrt 

3 - E U M E N r 

01STANC£ IN FEET OF 
SOLID ROCK m u m m 

ISURFACEOF THE EARTH 

WW t f 
FASTEST PATHS FROH SHOT/POIKT TO OETCCTORS —* 

SOIL / 

THE ROQtTRMOKnSTHESOUMD^ 
myESKTAMGH VELOaTY-Vr 

. ^ _ -
SOUO ROCK 

TYPICAL PHOTOGRAPHIC TIME RECORD ON MOTION PICTURE FILM 
-ONESDSOmSiaN . ^ OFASeCdHO 

CLDD 

TIME Of EXPUJSION miTIAE SOUND NAVES CAUSES BV THE 
UPtDStON REACH THE DETECTORS AT THESE POINTS 

DETERMINATION OF DEPTH TO SOLID ROCK'ff 

Ve = • VEUKITY OF SOIMD n i K S H SOU.. EWIATON <l) 

' • ' " ^ ' P f ' E ' ^ * ^ E<W»TI0»(3) mama ^ r . - ^ ' - p i 

cuBociTYOFsamniEsiNsocii. OUATIONW 

MD H = FROM tquumit) 

THOO 
F i g u r e 4. Sketch Showing Fundanental P r i n c i p l e s o f Seismograph Method 

The theory of refraction shooting 
and the derivation of approximate work­
ing formulas for depth determinations 
are shown m Figure 4. These equations, 
as wil l be seen, are developed on the 
assumption that the path of the seismic 
wave is vertical from the shot point to 
the rock or other dense stratum, thence 
along the rock to a point directly beneath 
the detector and thence vertical to the 
detector. Although this assumption 
gives satisfactory values for the shallow 
depths involved in most highway prob­
lems, i t I S preferable to use a more 
exact formula for tests to greater depths 
such as are encoimtered in exploring 
locations for dams and certain other 
structures. The derivation and applica­
tion of these formulas may be found m 
published papers (18, 19) and will not 
be discussed further. 

Although four detectors are shown in 

apart. Shots are then fired successively 
at increasing distances along the detec­
tor line extended, beginning with a point 
10 or 15 f t f^om the center detector and 
extending the shooting distances by 
increments to some greater value as, 
for example, 50, 85, 125, 165, 225 and 
300 f t from the center detector. There 
is an approximate relation between 
shot distance and the effective depth of 
the test such that this depth is about 
equal to one-third the shot distance. 
The relation depends somewhat on the 
relative wave velocities in the materials 
mvolved. If the depth to rock were more 
than about 80 f t , additional shot dis­
tances greater than the 300 f t mentioned 
above would be required to adequately 
show a rock formation. A duplicate 
line of shots is usually placed in the 
opposite direction from the center 
detector to expand the data to allow 
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depth determmations to be made when 
the interface between the overburden and 
the rock is not parallel to the surface 
but on a slope. 

A theoretical time-distance curve is 
shown m Figure 5. As shown, a straight 
line through the origin wil l result so 
long as a uniform homogeneous material 
comprises the surface layer. The 
velocity of wave propagation is constant 
in such a medium and time of wave 
travel is proportional to travel distance. 
The reciprocal of the slope of the line, 
OC, passmg through the origin, rep­
resents the velocity in the medium, 
since velocity is equal to distance 
divided by time. 

travel from T to V m the shale. If Hi 
is the thickness of the surface soil , 
we have the relation: 

Hi : Vi X OA 
2 — 

Similarly, for a third layer having 
an even greater density, such as that 
designated as rock, there wi l l be a 
second "critical distance". OG, and a 
second break in the curve to a new 
slope, DW, the reciprocal of which will 
give the velocity in the rock. The time 
intercept MK or AB in this instance 
represents the time required for the 
wave to travel down through the shale 

DEPTH OF SHALE-INTERCEPr 

OAX y, 
DEPTH OF SOIL - INTERCEPT 

SLOPE OF LINE INDICATES VELOCITY 
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Figure 5. Time-Dist&nce Curvef. frorr 
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Figure 6. T ime-Dis tance Graph for S e i s ­
mic Records Shown i n Fifeure 3 

and back again, 
of the shale then: 

If Hj is the thickness 

If, at some greater depth, a second 
layer of homogeneous material of 
greater density is present, such as that 
designated as shale, there wil l be a 
point, F, at which there is a simulta­
neous arrival of a slower wave through 
the less dense surface soil and one 
travelmg over the longer but faster 
route along the top of the shale stratum. 
Beyond this "critical distance", OF, a 
new slope, CD, exists, the reciprocal 
of which represents the faster wave 
travel m the shale, and for a path, 
STVR, the time, PQ or OA, is that 
required for the wave to travel through 
the surface soil from S to T and again 
from V to R. QN represents the time of 

H 2 = 
| X AB 

2 

Usually m plotting the time-distance 
data, the time units of 1/200 sec, as 
taken directly from the f i lm records, 
are used and the denominator in the 
foregoing equations becomes 400 in­
stead of 2. 

When the geologic conditions existing 
at a particular test location actually 
approach those assumed m a theoretical 
analysis of the data obtained from re­
fraction seismic tests, there is a re­
markable similarity between the field 
curves obtamed and the theoretical 
curve as it appears m Figure 5. This 
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is illustrated by the time-distance curve 
shown in Figure 6 ^ ^ c h was prepared 
from the field data shown in Figure 3, 
supplemented by two additional shots 

ot electrolytic nature in which the 
moisture in the soils and rocks together 
with the dissolved impurities give to the 
several materials characteristic re-
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Figure 7. 

placed at greater distances from the 
detectors. The data for this graph 
were obtained in New England where a 
relatively thm layer of loose soil was 
underlain by glacial t i l l which rested 
upon solid rock. 

Zarth Resistivity Uethod * - Experience 
has demonstrated that many of the mate­
rials making up the earth's crust can be 
identified, in some degree at least, by 
their reaction to the flow of a direct 
current of electricity. This is an action 

'For a detailed description of the apparatus 
and a more comprehensive discussion of the 
earth resistivity method of test see refer­
ences 1, 3, 7, 15, 25 and 26. 

sistances to a current flow. These 
characteristic resistances or resis­
tivities may be used for locating and, 
to some degree, identifying subsurface 
formations. F i g u r e 7 illustrates 
diagramatically the earth resistivity 
test and the Wenner electrode con­
figuration (1) used by most Investiga­
tors. In this test a prediction of the 
character of the subsurface materials 
is attempted by measurements indicat­
ing the magnitude of the resistance to 
direct current flow. Ordinary moist 
soils containing moderate amounts of 
clay or silt with some electrolytic 
agent more or less active, have a 
comparatively low r e s i s t a n c e . In 
contrast, sand, gravel, extremely dry, 
loose soils and solid rock usually have 
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relatively high resistivity values. How­
ever, these classifications are too 
general to be useful and it is very 
necessary to calibrate the instrument 
with tests made on local materials which 
can be identified by e3q>osed faces, test 
pits, d r i l l logs or other means. Curves 
obtained later for unknown conditions 
may then be compared with those for 
known conditions and a prediction can be 
made as to the materials lying below the 
surface. 

Referring to Figure 7, an electric 
current is passed through the groimd 
from a direct current siq;>ply, usually 
one or more radio "C" batteries, using 
the two outside electrodes. Measure­
ment is then made of the potential drop 
between two intermediate points sym­
metrically spaced at the third points 
between the current electrodes as 
shown. The current flow is determined 
with the milliammeter and the voltage 
or potential drop with the potentiometer, 
from which the resistivity of the mate­
rial is computed by use of the formula: 

P = 2 v A K . 
I 

in which A is the electrode spacing in 
centimeters, E is the potential drop in 
volts, and I is the current, in amperes, 
flowmg in the circuit. 

There is an empirical relation such 
that the "effective" current flows with­
in a depth below the surface equal to A. 
That is to say, if A = 10 f t , the resis­
tivity obtained with the formula repre- . 
sents an average of all material existing 
with 10 f t of the surface. Thus, as the 
electrode spaclngs of the system are 
expanded the current flow lines en­
counter the deeper portions of the under­
lying formations as, for example, a 
rock formation, as shown. This mate­
r ia l , having an appreciably higher 
resistivity than the overlying soil, 
affects the average resistivity values, 
the effect of the lower bed increasing 
progressively as the tfest is carried to 
greater depths. 

When using the empirical method of 
interpretation proposed by Gish and 
Rooney (2) the apparent resistivity, 
P a, obtained by inserting the measured 

values of A, E, and I , from the field 
tests in the formula for resistivity as 
given above, is plotted as the ordinate 
against the electrode spacmg. A, as 
the abscissa. The inflections in the 
resulting curve are interpreted as 
indicating changes in the materials 
underlying the surface. Where cl a y 
overlays rock a curve similar to that 
shown in the lower right-hand portion 
of Figure 7 is usually obtained. The 
depth of the surface soil is taken as the 
value of A (electrode spacing) at which 
the upward inflection of the resistivity 
curve occurs. This empirical solution 
has been used in analyzing data from 
many tests in the past Cases were 
found, however, where the plotted curve 
was smoothly rounded with no inflection 
point, affording no criterion for pre­
dicting the depth of the surface material. 
Another empirical method of analysis 
has been proposed (25) for interpreting 
such curves, a brief summary of which 
follows. 

In Figure 8 the smooth roimded 
Gish-Rooney curve is shown as a dash-
line curve determined by the plotted 
crosses. The same field data are 
shown below this curve in the form of a 
cumulative resistivity curve determin­
ed by the plotted circles. When the 
values of apparen t resistivity are 
plotted as a cumulative curve, a straight 
line or a curved Ime of gentle curvature 
is usually obtained so long as the "effec­
tive" current flow remains within the 
surface layer. When the electrode 
spacing is expanded to include increas­
ing amovmts of the deeper lying rock 
formation the cumulative curve shows 
an increased curvature upward, reflect­
ing the influence of the higher resis­
tivity of the rock formation. It has been 
found that straight Imes drawn through 
as many points as practicable on the 
cumulative curve and intersectmg in the 
region of increased curvature wi l l give 
a good approximation of the thickness of 
the surface m a t e r i a l if the point of 
intersection of the straight lines is 
projected to the horizontal or dimen­
sional axis. This is a purely empirical 
relation with no theoretical basis what­
soever. It has g i v e n rather close 
s^proximations of the depth of the sur-
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face layer in simple two-layer forma­
tions, however. 

Referring to Figure 8, it will be seen 
that the relatively shallow depth of 14. 0 
ft to rock, as determined by the test 
pit, affects strongly the measured 
values of apparent resistivity beyond an 
electrode spacing of about 10 ft. For 
this reason the plotted values of cumu­
lative resistivity continue to show a 
rather marked degree of curvature well 
beyond what might be termed the "crit­
ical pomt" in the curve. The trend of 
t h e G i s h - R o o n e y curve is used to 

ed resistivities and thicknesses of mate­
rials involved have been prepared for 
use by the operator as control for 
mterpreting the field curves obtained. 
In some instances the field data are 
plotted to the same scale as that used 
in the theoretical curves and on iden­
tical sheets and are superimposed 
upon the theoretical curves and where 
a "fit" is obtained the depths of the 
layers involved as well as the res is­
tivities of each layer are obtained. 
Attempts to use these methods in 
analyzing the data obtamed in the re l -
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determine the approximate "critical 
pomt" Which in this curve appears to be 
at an electrode spacing of 10 to 12 ft. 
Guided by the mdications of the Gish-
Rooney curve and such other correlating 
data as may be available from test 
pits or borings in the general area, 
the additional tangent intersections 
beyond the "critical point" may or may 
not be disregarded. 

Other methods of analysis of earth 
resistivity data based upon theoretical 
studies have been presented by Tagg 
(7), Hummel (4), Roman (6, 22), Wetzel, 
and McMurry (20), and others. Sets 
of theoretical curves for various assum-

I I 
STEP TRAVERSE NO 4 

K REStSTlVtTY VALUE 
FROM INTERSECTING 
TRAVERSE 

TRAVERSE DISTANCE - HUNDREDS OF FEET 

Figure 9. Step Traverse Over Deposit of 
Sandy Gravel - E l e c t r o d e Spacing 20 F t 

atlvely shallow work done by the Bureau 
of Public Roads have been discouraging 
due to the time required for such studies 
and the frequency with which the field 
conditions faile^d to conform to those 
assumed in developing the theoretical 
curves. The empirical solutions here­
tofore described have been found to be 
more practical from the standpoint of 
time and cost in connection with a 
given exploration. This might be, in 
some cases, a deciding consideration 
between the geophysical tests and the 
direct methods of exploration ordinar­
ily used. 

When making surveys of areas a 
somewhat different test procedure, one 
\(^ich might be termed the "resistivity 
traverse" or "c6nstant depth traverse", 
IS often used. In this, a succession of 
tests using a fixed electrode spacing is 
made along the selected traverse line, 
the interval between test sites being 
equal to the electrode spacing. The 
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measured resistivity values are then 
plotted as ordinates against traverse 
distance as abscissas and the resulting 
graph shows the variation in resistivity 
along the traverse li;ie for a depth equal 
to the electrode spacing chosen. A 
typical example of such data is shown in 
Figure 9, the rise in resistivity between 
the 100-ft and 500-ft points on the 
traverse distance scale indicating the 

INCREASING NEED FOR RAPID AND 
INEXPENSIVE METHODS OF E X P L O R ­

ING THE SUBSURFACE 

Development durmg recent years of 
earth-moving equipment of ever in­
creasing capacity has made possible the 
removal of huge quantities of excavation 
materials quickly and economically. 
However, operating costs of such equip-
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Figure 10. R e s i s t i v i t y Contour Map of a Deposit of Sandy Gravel 

presence of higher resistance material 
withm the depth explored. Traverse 
Imes of this type carried out system­
atically over an area permit the prep­
aration of a resistivity contour map, 
such as that shown in Figure 10. Such 
a map may be of considerable aid in 
rapidly locating and delmeating critical 
areas that require more detailed study 
or that contain valuable isolated deposits 
of granular materials or rock m areas 
where such materials are scarce. 

ment are high and a reasonably certain 
knowledge that the equipment selected 
will be able to handle all or a major 
portion of the materials on a given 
grading project, without costly delays 
from unforeseen adverse conditions, 
can be extremely helpful to contractors 
in establishing reasonable unit prices 
in bidding for the job. A thorough 
investigation of the subsurface formation 
prior to design of slopes in cut sections 
when preparmg plans for a proposed 
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roadway will help to avoid the confusion 
that results when solid rock cuts as 
shown on the plans actually are found 
to be soil or other easily removable 
materials. Such errors in the classi­
fication of materials may lead to in­
creased costs and to the necessity for 
changes in design. 

Stoney soil, talus materials and thin 
but continuous strmgers of quartz or 
other hard materials extending through­
out a cut may present insurmountable 
difficulties when attempting to e:q>lore 
subsurface conditions with hand or 
power operated auger equipment. Such 
troublesome conditions, although they 
may result in misleading data when the 
auger is used, will not affect the data 
obtained with geophysical tests to any 
appreciable extent. For this reason, 
preliminary surveys by geophysical 
methods can be used to considerable 
advantage in determining the overall 
character of the materials to be exca­
vated and thus avoid errors of the t3^e 
just mentioned. Complete and depend­
able information will make unnecessary 
hurried changes of alinement and grades 
to care for mcreased or decreased 
quantities of e x c a v a t i o n materials, 
with possible delays of construction 
operations. 

APPLICATION OF GEOPHYSICAL 
TESTS TO HIGHWAY CONSTRUCTION 

PROBLEMS DESCRIBED 

It has been found that both seismic 
and resistivity methods of test are 
practical for use in the study of many 
highway construction problems. The 
earth resistivity ^paratus, by reason 
of its simplicity of operation and the 
rapidity with which the shallow tests 
can be made is believed to have a more 
universal ^plication than does the 
seismogr^h. A c c o r d i n g l y , when 
makmg a detailed geophysical survey 
of a grading' project it has been the 
practice of the Bureau of Public Roads 
to make a resistivity survey first and, 
if necessary, to follow with a limited 
number of check tests with the seismo­
graph in areas where the resistivity data 
have failed to adequately identify the 

subsurface formation. This procedure 
has been applied to 10 highway construc­
tion projects ranging from 1-1/2 to 12 
mi. in length and located in the States 
of Virgmia, North Carolina, Tennessee, 
Georgia, Arkansas, Missouri and in the 
District of Columbia. Reports have 
been received on four of these which 
have since been constructed and the 
conditions found durmg construction 
were substantially as predicted from 
results of the geophysical tests. 

The following discussion will deal 
with the field data obtained with both 
types of apparatus. The discussion of 
the seismic method is rather brief in 
view of its somewhat limited use by the 
Bureau of Public Roads. 

Results of Seismic Tests Descritea - In 
general, the velocity of the transmitted 
sound waves increases with an mcrease 
in the density of the transmission 
medium (soil, rock, etc. ). Loose 
unconsolidated soil layers have wave 
velocities ranging from 600 to 1,500 ft 
per sec. More compact subsurface 
layers range from 2,000 to 9,000 ft per 
sec with the lower ranges 2,000 to 3,500 
usually associated with clay materials 
and the higher ranges 4,000 to 9,000 
with compact gravels, badly broken or 
weathered rock, and soil-boulder mix­
tures. Solid rock usually has wave 
transmission velocities between 10,000 
and 20,000 ft per sec, depending upon 
the type of rock and its degree of 
weathering or fracture. In predicting 
the character of material that may be 
found, particularly in the intermediate 
velocity group (4,000 to 9,000 ft per 
sec), considerable judgment, as well 
as some knowledge of local geologic 
conditions, is required. Calibration 
tests over known subsurface formations 
are essential for a successful interpre­
tation of the data obtained. 

Actual identification of the materials 
involved is not always necessary, how­
ever. For example, broken rock or 
badly seamed rock, a highly compacted 
shale or a cemented gravel, having 
similar velocity characteristics, may 
also be expected to offer similar dif­
ficulties in e x c a v a t i o n operations, 
possibly requiring some blasting and 
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special handling and distribution. These 
same materials will probably show 
similar load carrying capacities when 
considered for foundation purposes, 
particularly where surrounded by 
materials which have been left in an 
undisturbed state. As an example, 
seismic tests made at Lincoln, New 
Hampshire, at a proposed bridge cross­
ing of the Pemigewasset River, showed 
a comparatively high wave velocity for 
material lying only a few ft below the 

this location. 
Experience is needed to determine 

the particular slope design that is 
adequate where certain materials with­
in a local area are involved. With 
proper calibration data, the seismic 
method often can be relied upon to 
establish definitely the presence of the 
materials. As an example the data in 
Figure 13 show the presence and depth 
to the predominant material, shale. 

As mentioned previously, portability 

SEISMIC TESTS FOR SHORT C R E E K BRIDGE FOUNDATION 

Figure 11. View Showing T i g h t l y Cemented 
Boulder Formation Predicted from Seismic 
T e s t s at Pemigewasset Ri v e r Crossing Near 

L i n c o l n , New Hampshire 

surface and apparently continuing to a 
depth of at least 40 ft. This material, 
with a wave velocity of 9,400 to 9,600 
ft per sec, was predicted to be a tightly 
cemented boulder formation with ex­
cellent load carrying capacity. Figure 
11 shows a view of subsequent excavation 
being made for one of the piers at this 
location. The material was so tightly 
cemented together that only a simple 
sandbag cof ferdam was required. 
Soundings and drill holes through ma­
terial of this type would be impossible 
or made only with great difficulty and 
at considerable cost. 

Another bridge location, near Crater 
Lake, Oregon, was investigated by the 
seismic method in about 3 hr's time 
and the data obtained showed the sub­
surface formation to be a very dense 
material providing a wave velocity of 
8,400 to 8, 600 ft per sec. Here, again, 
there could be no doubt regarding the 
existence of adequate foundation mate­
rials. Figure 12 shows the seismic 
data for two of the three tests made at 
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Figure 12. Time-Distance Graph Showing 
Re s u l t s of Two Seismic T e s t s Made i n 
V i c i n i t y of C r a t e r Lake, Oregon, While 
I n v e s t i g a t i n g a Bridge S i t e on Short 
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of equipment is of primary importance 
to the successful application of geophys­
ical methods of test in preliminary 
surveys for a highway location. Figure 
14 shows a view that is more or less 
typical of much of the terrain that is 
sometimes encountered in the construc­
tion of National Park and National Forest 
roads in various parts of the country. In 
designing for a modern highway through 
such country any information regarding 
the materials likely to be encountered in 
excavating cut sections is important. 
A close balance of quantities must be 
maintained in the interest of economy 
and of preserving the natural scenic 
beauty of the area. Unsightly borrow or 
waste areas are to be avoided. There­
fore, a design prepared for solid rock 
with its 1/4 or 1/2 to 1 slopes in a cut 
section, such as the one shown in Fig­
ure 14, could lead to embarrassing 
difficulties should a comparatively 
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loose earth or talus material be encoun­
tered. Should that happen a 1-1/4 or 
1-1/2 to 1 slope reaching high up the 

are prevalent. In some cases the loose 
talus material frequently involved in a 
slide rests upon a sloping shale forma-

LOCATiON OF SLIP PLANE BY SEISMIC TESTS 
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Figure 13. R e f r a c t i o n Seismic Test Over 
a Shale Formation 

mountainside would be required with 
large quantities of material to be wasted 
or cared for by substantial changes in 
alignment and grade. C o n v e r s e l y , 
where earth slopes are expected and 
rock is found a source of borrow would 
be required for adjacent large fills 
unless major grade changes were made. 

The ridge from which the photograph 
shown in Figure 14 was taken had been 
originally assumed to contain solid 
rock. A tunnel several hundred ft in 
length was proposed to carry the road­
way through the ridge, some 100 ft 
below the top. Test pits dug to obtain 
design data for portal construction failed 
to encounter rock above grade. Several 
weeks were requiredfor this exploration 
work which cost hundreds of dollars, 
and finally a redesign for an open cut 
was found necessary. Seismic tests 
requiring no more than two or three hr's 
time were sufficient to adequately 
establish the fact that no solid rock 
existed in the hill. The excavation 
during construction was made with the 
usual heavy earth-movii^ equipment. 
Studies made with seismic equipment 
at other sites have been of value in 
portal design and in indicating the 
probable need for lining in the tunnel. 

Another problem to which refraction 
seismic equipment has been applied 
occurs in regions where slide conditions 

Figure 14. Rugged Construction Conditions 
for Highway Hirough National Forest Area 

i n Oregon 

tion which constitutes the sliding sur­
face. This talus material has velocity 
characteristics differing from those of 
the more compact shales, making 
possible the location of the plane of 
separation. 

Although the refraction seismic test 
has proved of value in preliminary sur­
veys in various phases of highway con­
struction, as has been pointed out, it 
has not been used to the same extent as 
the earth resistivity test in recent years 
because of the greater time required 
for a seisniic test. Six or 8 seismic 
tests per 8-hr day is about the max 
number to be expected and under some 
field conditions even this number is not 
possible. Fifteen to 20 resistivity tests 
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are usually possible under similar field 
conditions. Seismic tests can be utilized 
as a completely mdependent check of the 
indications of the more rapid resistivity 
tests, however, and are used for this 
important purpose in the routine work 
done by the Bureau of Public Roads. 

m the Ozarks National Forest, in the 
course of a resistivity survey of about 
22 mi. of proposed roadway. The 
calibration curves on the left were 
obtamed for heavy sandstone ledges 
interbedded with shales and for the soils 
and decomposed shales typical of the 

BOOf 

! 6 0 0 

l^ooi 
6 

z 4 0 0 ] 
(0 

o 
f 

I 3 0 0 | 

I 2001 

1 0 0 

I 
\ 

\ 

/ 
/ 

/ 
<i 

\ 
\ 

\ 

/ — 0 ' 

,̂  ^SANO! 
\ 

JOHtp 

\ / 
b 

a 

\ 

K 

E A 

/ 
I T M — V \ 

K ^ ' * 
- - t - « -

- - • 1 
— - O i 

J 
'.si.. 

1 0 2 0 3 0 4 0 5 0 0 10 2 0 
E L E C T R O D E SPACING O R O E P T H - F E E T 

• 

\ 
\ 

\ 

\ 

It 
i 

f 
Jj>--o / t 1 

1 
1 

" i 

* * S A N O ( T O N E . 

1 
/ 
/ 

4 > 
0 y 

\ \ C 
--------^ 

-ir 

— 

3 0 4 0 
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Earth Resistivity Tests Applied to High 
fay Grading Projects - In a subsurface 
survey in the field it is an established 
procedure to make calibration tests 
with the resistivity apparatus over 
exposures of formations believed to be 
typical of those in the area of immedi­
ate mterest. Resistivity curves for the 
known conditions are then used for 
comparison with curves obtained over 
unknown conditions elsewhere in the 
area. From these comparisons rea­
sonably accurate predictions can be 
made regarding the materials to be en­
countered below the surface and their 
location. Figure 15 shows typical 
resistivity curves obtained in Arkansas, 

region. These latter are materials that 
could be handled with the heavy self-
loading c a r r y a l l scraper. Those 
curves of the right-hand g r ^ h are ex­
amples of the field curves obtained in 
the survey along the right-of-way of the 
proposed roadway. Little difficulty 
would be experienced in predictmg the 
type of materials mvolvedfor the several 
curves shown. Figure 16 shows views 
of the two general types of material over 
which calibration tests were made. 

Based upon the usual methods of 
direct e^qploration, the original slope 
design called for rock slopes over a 
considerable portion of the right-of-way. 
Actually, earth conditions, as predicted 
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from the results of the resistivity 
survey, were found in a majority of the 
cuts during the construction of about 14 
mi of roadway thus far completed. 

The entire 22 mi was investigated in 
about 12 working days, one 8-mi project 
being covered in 3-1/2 days. 

In northwest Georgia, resistivity 
calibration tests over solid rock and 

Figure 16. Views of Locations Where 
R e s i s t i v i t y C a l i b r a t i o n Tests Were Made 
Over Rock (Upper) and Earth i n Arkansas 

over earth formations produced curves 
as shown in the left and in the lower 
right-hand graphs, respectively, of 
Figure 17. Here again, although the 
shapes obtained are quite different from 
those obtained for materials of the 
same general classification in Arkansas, 
the two materials, rock and earth, can 
very easily be distinguished one from 
the other. On the basis of these cali­
bration data, the typical field curves 
shown in the upper right-hand corner 
were all interpreted as "earth" curves 
representing materials easily removed 
by self-loading "pans". Figure 18 

shows the two types of material over 
which calibrations were made. 

In the Great Smoky Mountains Na­
tional Park in western North Carolina, 
the dense granite rock formations 
typical of that area weather into a highly 
micaceous decomposed rock material 
that can be removed with self-loading 
"pans". As shown by the calibration 
curves presented in Figure 19 (solid 
line curves), this material has an 
extremely high resistivity, 1,500,000 
ohm-cms, which is 10 times as great as 
resistivities found in some solid rock 
in other parts of the country. Due to 
the fact that the parent rock in a solid 
unweathered state has even higher 
resistivities (4,000,000 to 5,000,000 
ohm-cms), it is again possible to dif­
ferentiate between "earth" and rock 
excavation. The appearance of the 
materials over which the calibrations 
were obtained is shown in Figure 20. 
That section of the Blue Ridge Parkway 
on which the resistivity survey was 
made has not yet been built and no 
confirming correlations are available 
at the present time. 

In southeast Missouri, the porphyry 
rock found in the vicinity of Farmington 
has a resistivity as indicated by the 
upper curve of Figure 21, while a 
calibration test over the soil common 
in the same area produced the lower 
curve of the figure, indicating almost 
no resistance to direct current flow. 
No difficulty was encountered in de­
termining the type of material present 
in all but one cut of all those investigated 
on a 4-mi project. 

Other resistivity surveys on con­
struction projects in Tennessee, Vir­
ginia, Maryland, and in the District of 
Columbia have developed information 
regarding the subsurface formations 
that has been found to agree closely with 
conditions as actually found during 
construction. 

Resistivity Tests Applied to Foundation 
Problcirs - Earth resistivity tests can 
be of assistance also in a subsurface 
study of the foundation conditions exist­
ing at proposed building sites, bridge 
locations, and in other areas where 
solid rock foundations are required or 



87 

desirable. 
In 1942, at the request of the Navy 

Department, a resistivity survey was 
made of a 150-acre tract at Carderock, 
Maryland, where a model testing basin 
IS situated. The site is underlain with 
rock and information was desired as to 

axis, showed a difference in total 
amount of stripping of less than 6 per­
cent from that computed from the rock 
contour map prepared in 1942. About 
100,000 cu yd of stripping were involved. 

Figure 23 shows typical traverse 
data obtained in this study and it illus-

i 

I \ I \ I » 
I / 

CAU8RATI0NS 
OVER ROCK 

5 0 

RELO CURVES 

\ 

,m-\- •mr' 
"'•m 1 - o - - o_ 

1- - * " ~ 
- o — - — 

>o 

,v.-

10 2 0 3 0 4 0 SO 6 0 

V--' 

iC CALK 
OVER 

RATIONS 
EARTH 

J 
_o -a- O ' ' 

ELECTRODE SmCINS OR DEPTH - FEET 

Figure 17. R e s i s t i v i t y C a l i b r a t i o n Cur>es Obtained Over E a r t h and Rock Formations i n 
Northwest Georgia and T y p i c a l F i e l d Curves Obtained on Proposed Road P r o j e c t North of 

Marietta 

the depth to rock throughout the reserva­
tion. Altogether, over 500 depth tests 
and upwards of 10-1/2 mi of constant-
depth resistivity traverse were made in 
carrying out the survey. From the 
information obtained a rock contour 
map, shown in Figure 22, was drawn up 
showing rock elevations on 2-ft contours 
over the entire area. An accuracy of 
± 2 ft at any point in the area mapped 
was predicted. In 1944 an existing 
building with a width of 120 ft was ex­
tended for 1,800 ft in the area that had 
been mapped. Cross sections of the 
rock surface as found, obtained at 
intervals of 10 ft, along the building 

trates how the resistivity test can be 
used in a prelimmary survey to obtain 
information that may be used to guide a 
detailed survey by bormgs and eliminate 
many unnecessary soundings or borings. 
The flat-lying portion of the curve 
suggests a uniform condition for much 
of the distance traversed. The peaks 
in resistivity indicate those areas 
where direct borings should be concen­
trated to delmeate in detail the obvious 
anomaly. These buried ridges of rock 
can be traced across wide areas, in­
dicating regions where excavation will 
be difficult or where foundation con­
ditions will be excellent at shallow 
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depth. The figures shown underlined 
are depths to solid rock obtained by 
resistivity depth tests made at 100-ft 
intervals along the line of the traverse. 
The two depth curves shown in the in­
set are a striking indication of radical 
changes in the subsurface at stations 
2+00 and 13+00 of the traverse. 

In bridge foundation studies there 
have been numerous instances when the 
routine subsurface survey using the 

of a bridge crossing of the Flint River 
in southwest Georgia. The individual 
graphs show the plan data for depth 
of rock, the depth to rock as found 
during construction, and the depth to 
rock as predicted from the resistivity 
data. The general agreement between 
the results of the resistivity tests and 
the actual coftditions existing is appar­
ent. 

Although it is not possible to make an 

Figure 18. Locations of R e s i s t i v i t y C a l i b r a t i o n Tests Made Over E a r t h and S o l i d Rock 
Formations i n Georgia 

usual methods of probing, wash boring, 
etc., has failed to disclose unusual 
conditions later found during construc­
tion. Piers designed originally for 
solid rock foundations have had to be 
carried to considerably greater depths 
than those shown on the original plans, 
or supported upon piling extending to 
rock at a lower elevation. Figure 24 
shows several resistivity depth curves 
obtained in a post-construction survey 

unqualified statement regarding the 
effectiveness of the resistivity test 
generally in all localities and under all 
possible combinations of geologic for­
mations, the fact remains that one or 
two hr's work at a particular location 
will usually determine the extent of its 
usefulness in solving the particular 
problem at hand. The data from the 
tests made in Georgia are similar to 
those that have been obtained elsewhere 
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Figure 23. E a r t h R e s i s t i v i t y Constant - Depth Traverse D i s c l o s e s Abrupt Changes i n 
Rock Surface Underlying a C l a y - S o i l Overburden Traverse Involved a 20-ft Depth Along a 
2000-ft Line - Figures shown underlined are r e s u l t s of r e s i s t i v i t y depth t e s t s for depth 

of overburden. Curves for two such t e s t s are shown i n i n s e t . 
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to the determination of conditions at a 
single designated spot or limited area 
such as a dam site, bridge location, 
etc. Even in the limited areas, if 

sharp irregularities of the rock surface 
present unfavorable conditions for con­
sistent interpretation of the seismic 
data (24). To the writer's knowledge. 
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Figure 25. R e s i s t i v i t y Depth T e s t s Over Peat Bog Formations 

differential weathering has been in 
progress, leaving pinnacles and deep 
valleys in otherwise hard rock, a con­
dition sometimes encountered in lime­
stone formations, the resistivity test 
may possibly prove the more valuable 
of the two methods. In such cases the 

however, there has been no report on 
results of resistivity tests carried out 
in such areas. 

The use of explosives as required in 
the seismic method is not desirable in 
thickly populated areas. Compliance 
with local regulations regarding pos-
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session and transportation of explo­
sives, sometimes rather strictly en­
forced, can be troublesome and in­
convenient, placing a further handicap 
upon seismic exploration. 

As mentioned previously, the time 
required for conducting a seismic test 
can vary from one to two or three hr, 
depending upon local conditions, while 
resistivity tests can be made at a rate 
of three per hr to depths of 60 ft in 
rugged mountainous terrain. A seismic 
party may require one or more men 
than are necessary for the efficient 

despite l i m i t a t i o n s that have been 
enumerated and others which may arise 
in future eiqiloration work, the geophys­
ical methods of test imder consideration 
have definitely established their value m 
connection with highway work, partic­
ularly for use in preliminary surveys. 
Their use by the Bureau of Public Roads 
and other Federal agencies has empha­
sized the usefulness of these relatively 
ine^ensive methods of test m shallow 
subsurface e x p l o r a t i o n in obtaining 
information to be used as control for 
design purposes or as control for more 

RESULTS OF EARTH RESISTIVITY DEPTH TESTS AND AUOER BORINGS ALONG LINE OF RESISTIVITY TRAVERSE 
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operation of the resistivity apparatus, 
particularly in isolated areas where 
supplies of e:q9losives and film develop-
mg equipment must be carried in by 
hand. However, stray currents leavmg 
cross-county pipe lines or emanating 
from electric railway systems in urban 
areas, and buried utilities such as water 
and gas pipes can, at time, be trouble­
some when making a resistivity survey. 
These will not affect the efficient use 
of the seismograph. 

CONCLUSION 

In conclusion it can be stated that. 

detailed subsurface surveys by core 
drilling and other commonly used 
direct methods. The f u n d a m e n t a l 
principles of the two methods differ so 
widely that where both methods give 
concordant data they may be accepted 
with considerable assurance. As a 
result, when they are used jointly on a 
given project, a limited amoimt of 
confirming data from the seismic test 
can serve as a valuable check on a 
considerable number of the more in­
expensive resistivity tests, at times 
oljviating the need for test pits or auger 
holes for locating and identifying sub­
surface formations. This does not imply 
that test pits or auger holes may not be 
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necessary for obtaining samples of soil 
and other materials for determination 
of their physical and other properties. 

8 »+ «4 

soo t» So « 60 tr 
ELECTRODE SWCINO OB DEPTH - f EET 

Figure 28. R e s i s t i v i t y Depth Test a t 
Location of 131 No. 2 19 i n Right of 
S t a t i o n 52 + 19, Susquehana Ri v e r Cross­
ing of the Pennsylvania Turnpike a t 

Harrisburg 

Even though there might exist some 
uncertainty that the geophysical methods 
of test would prove applicable to a 
particular subsurface condition, the 
simplicity, low cost and r^idity with 
which the tests can be made recommend 
their trial before resorting to the more 
costly and tedious methods of direct 
e:q9loration ofttimes employed. 
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DISCUSSION 

£. R. Shepard. Office of the Chief of 
Engineers - This paper is of particular 
Interest to me, as we in the Corps of 
Engineers have been doing very similar 
work now for some 10 yr. The author 
has described very clearly the relative 
merits of the two methods of e:qploration 
and the particular types of problems to 
which each is most applicable. 

Because of the relatively shallow 
depths with which highway construction 
is concerned, Mr. Moore has found the 
resistivity method generally preferable 
to the seismic method. Our explora.-
tions for the most part have been on dam 
sites and proposed canals, where the 
purpose of the test is to determine the 
depth to f irm rock and here the seismic 
method has proved to be admirably 
suited. Best results are obtained in 
glaciated regions and in river flood 
plains where hard rock exists under 
alluvial or glacial deposits. Where the 
rock is shallow and the top deeply 
weathered or seamed and fractured, 
velocities are often no greater than 
those prevailing in some t3^es of soil. 
Under these circumstances there is 
often a question as to the character of 
the material. Moisture is a major 
factor influencing velocity. In relatively 
dry overburden, velocities of about 
1000 ft per sec or less are observed. 
With increasing moisture the velocity 
increases and in saturated sand and 
other coarse grained material attains 
a critical speed of 5000 ft per sec, or 
approximately that in water. In clays 
and other fine grained soils the critical 
velocity of 5000 ft per sec does not 
necessarily occur even though they may 
be fully saturated. 

The fractured and seamed top zone 
of rock, particularly when dry and 
carrying only a thin overburden often 
exhibits a remarkably low velocity and 
for this reason may be mistaken for 
saturated sand or other unconsolidated 
material. A correct interpretation 
under such conditions may be highly 
important where excavation costs are 
concerned. Where the top of rock is at 
or near the water table, it is often 
difficult to determine whether the in­
termediate zone between low velocity 
top soil and hard, high velocity rock, 
is saturated sand or fractured rock. 
Where the top of rock is relatively deep, 
say 30 ft or more, the presence of 
moisture and the heavy load which 
closes up seams and fractures, tend to 
increase the velocity in the rock, leav­
ing little question as to its presence and 
character. For these reasons better 
results are obtained by the seismic 
method at moderate and great depths 
than at shallow depths. 

The cumulative method of interpret­
ing resistivity data developed and used 
extensively by Mr. Moore appears to 
have been of great value in his e^qplor-
ation for highway construction and other 
shallow determinations. Seldom in 
nature do we find soils in layered for­
mations to which theoretical formulae 
and curves are applicable. The man in 
the field is usually frustrated and dis­
couraged in attempting to apply these 
principles to his data and is usually 
forced to fall back on some simple and 
r ^ i d emperical method of analysis. 
The cumulative method, although not 
infallible, appears to give satisfactory 
results on the type of work described 
by the author and should receive the 
attention of other investigations engaged 
on similar projects. 
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INFLUENCE OF TOPOGRAPHIC POSITION IN 
AIRPHOTO IDENTIFICATION OF PERMAFROST 

Robert E . F r o s t and Ol in W. Mintzer 
Joint Highway R e s e a r c h P r o j e c t 

Purdue Universi ty 

SYNOPSIS 

This paper reports the development of the use of aerial photographs i n the determination of the 
presence or absence of detrimental permafrost. The techmque used in airphoto identification of 
permafrost is a direct result of past and present research done at Purdue University and conducted 
by the Joint H i ^ w a y Research Project of the Engmeering Experiment Station under contract with 
the St. Paul Dis t r ic t Engineer Office of the Corps of Engmeers, Department of the Army. The 
project IS under the general direction of the Office of the Chief of Engineers, Department of the 
Army. The paper reports the influence of topographic position in the identification of rock and the 
interpretation of soil and permafrost conditions f r o m aerial photogr^hs. 

Permafrost is defined, and the factors that affect the existence or non-existence of permafrost 
are given m relation to the climatic influence and the topographic position. Several basic topo­
graphic situations are discussed to i l lustrate this relationship. The topographic types discussed 
include uplands, transition zones and valley f i l l , terraces, and f lood plams. Each of these several 
landforms are described; the engmeering problems associated therewith are set f o r t h ; and the 
essential airphoto-identification elements are delineated. 

I t has been pointed out that airphoto-pattern elements of arctic and subarctic regions have been 
determined f o r practically a l l drainage features, soil-color tones, vegetative types as wel l as f o r 
topographic position. A l l of these elements are important in the determination of the extent of 
detrimental permafrost but i t is concluded that the influence of topographic position is by fa r the 
most important factor in identification of permafrost in subarctic regions. 

The purpose of this paper i s to d i s ­
cuss the importance of topogr^hic 
position in the interpretation of p e r m a ­
fros t f r o m aer ia l photographs. In a c -
complishing this purpose certa in r e l a ­
tionships are i l lustrated by discussing 
some of the general physiographic 
situations f r o m the stanc^oint of de­
scription of physical features , engineer­
ing problems, and photo interpretation. 
Permafros t i s defined and the factors 
which i n f l u e n c e the occurrence of 
permafrost are set forth. Research 
has shown that topographic position, 
as an influencing factor, i s of main 
importance. 

The study of permanently frozen so i l 
has been l imited, until recently, to the 
activities of a few persons including 
miners , e x p l o r e r s , some natural 
sc ient ists , and a l imited number of 
engineers. Roads were built and many 
fai led; buildings and other s tructures 

were built and some settled severely . 
A i r s t r i p s were constructed on frozen 
so i l s only to develop severe settlement 
because of ser ious thawing beneath the 
pavement - thus, creating c r a c k s and 
rough surfaces (7)^. See F i g u r e s 1 to 5. 

The strategic situation of A l a s k a 
with respect to future routes of t rave l , 
potential statehood, the anticipated 
urban and r u r a l e ^ a n s i o n , and touri s t 
influx has given added impetis to the 
quest for knowledge about permanently 
frozen so i l s , both f r o m the stanc^oint 
of pure and applied science. The 
installations which were constructed 
during and following the war have served 
as a vast proving ground where impor­
tant observations have been made and 
where invaluable data have been collected 

'Figures in parentheses refer to references 
at the end of the paper. 
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and made available for analysis (2). 
The Corps of Engineers has and stil l 

is conducting research to determine the 
best procedures for combating perma-

of Purdue University is under contract 
with the Corps of Engineers to conduct 
an airphoto study of permafrost. The 
efforts of the Joint Highway Research 

Figure 1. This i s a picture of a high­
way which was constructed on frozen s i l t 
which contains pockets of ice in wedge 
form. The ice has thawed and consider­
able settlement has resulted as indicated 

by the deep water puddle. 

Figure 3. Note the general warping of 
this building situated on frozen s i l t 
v/hich has thawed considerably. The sup­

port indicates the severity of the 
situation. 

Figure 2. This shows a severe sett le­
ment in an a i r f i e l d runway surface which 
resulted from thawing subgrade so i l s . 

frost and its serious effects on struc­
tures. These r e s e a r c h e s include 
determining the best method for con­
structing roads, airports and airport 
structures, buildings of all types, and 
utilities in permafrost areas (4, 7). 
The work is being conducted by the 
St. Paul District Office under the gen­
eral direction of the Office, Chief of 
Engineers, Department of the Army. 
See Figure 6. 

The Engineering Experiment Station 

Figure 4. The interior of the building 
in Figure 3 shows c learly the severe ef­
fects of tliav. In the summer the so i l s 
tliaw and the building sett les; in the 
winter the so i l s refreeze and the build­
ing raises . A d i f ferent ia l movement of 

16 in . in the floor occurs. 

Project have been directed toward the 
ei^ineering evaluation of permafrost 
and soils of arctic and subarctic regions 
by use of airphotos, particularly those 
of Alaska (2). Sufficient field and 
laboratory study has been completed to 
permit the development of airphoto 
interpretative procedures for use in the 
selection of good construction sites and 
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for use in predicting definite perma­
frost conditions; namely, type, location, 
and relative depth to permafrost (8). 

permafrost regions is p e r e n n i a l l y 
frozen to depths ranging up to several 
hundred feet. Permafrost affects nearly 

Figure 5. Note the shims under the pool 
table legs. In order to maintain a level 
table surface throughout the year i t i s 
necessary to change the shims constantly. 

Figure 7. This figure shows massive 
ground ice - one form of detrimental 

permafrost. 

Figure 6. An Aerial View of Part of the 
Corps of Engineers Permafrost Experimental 

Area Near Fairbanks, Alaska 

PERMAFROST AND INFLUENCING 
FACTORS 

Definition - Permafrost may be defined 
as permanently frozen earth materials 
which includes bedrocks having a tem­
perature below freezing and other mate­
rials which have become solid-like by 
low temperatures and have remained in 
such a state continuously for a long 
period of time. Permafrost occurs in 
areas where the mean annual temper­
ature is below freezing (5), with the 
exception of a thin surface layer which 
thaws s e a s o n a l l y . The ground in 

Figure 8. Another Form of Detrimental 
Permafrost - Here, ice in wedge form i s 

exposed in a cold storage ce l lar . 

all of the Arctic and a great portion of 
the Subarctic. It has been estimated 
that nearly one-fifth of all of the land 



area of the earth's surface is underlain 
by permafrost (5). 
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the soil mass consists of ice. Since 
detrimental p e r m a f r o s t offers the 

Figure 9. Detrirriental Permafrost in the Form of Ice S i l l s and Ice Ledges 

Figure 10. Layers of Ice in Frozen S i l t 

forms of Permafrost - Permafrost, or 
frozen ground, exists in the following 
forms: (a) "dry frozen" in which the 
soil mass contains no ice but is ren­
dered solid because the temperature is 
below freezing; and (b) "detrimentally 
frozen" in which a large percentage of 

serious engineering problems, more 
concern is given to the variety of forms 
in which it exists (1). Above the per­
manently frozen surface is the active 
layer which goes through annual cycles 
of freezing and thawing. 

The variety of forms in which det-
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rimental permafrost exists include: (a) 
fine-textured soils which contain a large 
percentage of ice in their mass in the 

types; (c) materials situated in low 
topographic position in which large 
masses of ground ice form an integral 

Figure 11. Depressed Center-Type Polygons - These are about 200 f t across. 

Figure 12. Another type of polygon i s the raised-center type. 
These are jkhput 75 f t across. 

form of crystals, small lenses, or 
small wedges; (b) soil masses which 
have been so arranged by segregation 
of ice and soil particles that they form 
polygonal blocks of varying sizes and 

part of the mass; and (d) large masses 
of buried ground ice. Figures 7, 8, 9, 
and 10 illustrate forms of ice-soil 
mixtures. 

One of the most significant features 
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of permafrost regions in which detri­
mentally frozen soils abound, is the 
presence of soil polygons. The term 
"soil polygon", as generally accepted, 
refers to the geometric configuration 
of surface markings in regions of 
permanently frozen soils. Many types 
exist and are recognized in the litera­
ture. The two most important types are: 

determining degree and type of perma­
frost, either from a field survey or from 
interpretation of aerial photographs. 

In the Arctic Regions where the 
duration of cold temperature in number 
of days below freezing is great the 
element topographic position is not as 
critical as an influencing factor of 
permafrost as it is in warmer areas. 

Figure 13. This i s an airphoto of an upland area which i s covered with an unrelated 
mantle. The surface i s marked with nurrerous polygons indicating ice wedges in the so i l s . 

The bar scale i s 1000 f t . 

(1) those with depressed centers or pans 
which have a perimeter consisting of 
raised dykes; (2) and those with raised 
centers and depressed perimeters. 
Figures 11 and 12 illustrate two types 
of polygons (2). 

Influencing Factors - There are many 
factors which influence the presence or 
absence of permafrost and its type or 
degree. Among the factors are general 
climatic conditions and certain local 
physical conditions. The local condi­
tions, which influence the presence or 
absence of permafrost, include, such 
variables as topographic position, soil 
texture, soil moisture, vegetation, 
surface drainage, slope, and exposure 
to light and heat. Of all local conditions 
it is believed that the influence of topo­
graphic position is the greatest in 

As far as Alaska is concerned the Arctic 
Regions include, for the most part, the 
area north of the Brooks Range. In the 
Subarctic Regions, the permafrost-
topogrj^hic situation relationship is 
more critical than in the Arctic Region 
because of such items as a shorter 
duration of cold temperatures, a gen­
erally higher soil temperature, and a 
greater depth of seasonal thaw. 

TOPOGRAPHIC POSITION 

It is necessary for the interpreter to 
determine the physiographic arrange­
ment of an area under consideration in 
order to evaluate the permafrost con­
ditions. As far as airphoto interpreta­
tion is concerned it is necessary to 
determine whether an area is mountain-
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ous, an upland plateau, transition zones 
or valley f i l l , terrace, flood plain, or 

presentation is to describe some of the 
physical features, discuss some of the 

Figure 14. This i s an airphoto pattern of strongly-t i l ted beds of sandstone and shale 
in Northern Alaska. The bar scale i s IQOO f t . 

Figure 15. Hiis i l lus tra tes the "button type" gully system which frequently occurs in 
upland depressed areas. 

some combination of the above in order 
to evaluate permafrost conditions. 

In discussing the effect of topogr^hic 
position on permafrost in these physio­
graphic classes the scheme of this 

engineering problems, and demonstrate 
how the patterns may be identified on the 
aerial photograph. The mountainous 
areas offer insignificant permafrost 
problems and wil l not be discussed. 
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Uplands - Uplands may cover a range of 
several types of relief. The relief of an 
upland most generally depends upon the 
underlying parent material: it may 
reflect the influence of flat lying or 
tilted bedrock; it may result from bed­
rock types which are covered with 
glacial deposits; or it may result from 
igneous formations which have been 
intruded or extruded locally (3). 

airfields. Many of the upland gullies 
are broad in cross-section, they appear 
to befilled with local sediments, contain 
deep accumulations of frozen peat, and 
occasionally are marked with well-de-
velopedpolygons. In upland depressions 
the thick accumulation of peat and the 
products of rock weathering promote 
severe permafrost conditions - many of 
which should be avoided. In such 

Figure 16. This figure i l lus tra tes thaw of polygons. 

In upland areas permafrost is not a 
problem when rock-in-place is the 
parent material. Uplands create serious 
permafrost situations when a sufficient 
mantle of normally loose and unconsol­
idated material exists. The mantle of 
soil may represent an altogether un­
related material which has been left by 
either ice, wind, or water. It may be 
accumulations of local materials as 
sediments in depressions or on the side 
slopes of hills or in gullies. 

In the areas which have a discon-
formant surface mantle, well-developed 
polygons occur widespread thus indicat­
ing the presence of detrimental perma­
frost (Fig. 13). The polygons are of 
the raised-center type. Such areas 
offer serious difficulties to engineering 
structures - particularly highways and 

instances large masses of ground ice 
can be expected beneath the vegetal 
accumulations. 

Construction in the upland would 
involve rock excavation. For highways 
or runways this situation would create 
a varying subgrade condition which 
would range from some of the best 
materials (rocks) to some of the poorest 
(ice and/or frozen silt). 

Identification of upland situations 
from airphotos is fairly simple and 
straightforward. The rock patterns are 
similar to those found elsewhere. As 
an example, the sandstone and shale 
pattern occurring in the Interior Uplands 
(Fig. 14) bear more than striking 
resemblence to the sandstone and shale 
pattern of parts of an area of similar 
work materials in midwestern United 
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States. The major airphoto-pattern 
elements in each situation are similar. 

they appear to be connected to a series 
of "thaw sinks" which appear as circular 

Figure 17. This figure i l lu s t ra te s a small valley f i l l s i tuation. 

Figure 18. An I l lus tra t ion of a Severe 
Tliaw in a Local Valley F i l l Situation Re­
sulting from Excessive Flow of Water in a 

Gully Near the Edge of the Road 

In the upland areas the low topo­
graphic situations which are associated 
with detrimental permafrost can be 
determined in many ways. For instance, 
in the Arctic Regions upland gullies 
often exist as "button" type gullies 
(Fig. 15). Spacii^ of the "buttons" is 
often quite regular (2). On the airphoto 

Figure 19. This i l lu s tra te s the result 
of an upset in the thermal balance. 

pools or pans in coUuvial f i l l materials 
occupying depressed situations. Flow in 
such gullies is slow, the water being 
retarded by the vegetation. These 
circular areas are locally thawed and 
are filled with water. They are often 
ten or more feet in diameter and in 
broad, valley-fill-type gullies the thaw 
sinks often form around polygon-channel 
intersections (Fig. 16). Upon identifl-



109 

cation on the airphoto it i s significant 
that they indicate potential permafrost 
difficulties. In areas where the local 
topography i s rugged and angular the 
button-type gullies do not occur. In 
rock areas major drainage as wel l as 
l^ullies show control exerted by the rocks 
by angularity in the system. 

representative of transition zones and 
val ley f i l l ing. Such phys ical features 
are readily recognizable as a zone 
between adjacent areas of difference in 
elevation. In general , in the high areas 
the s t reams are young and are actively 
degrading while in the low areas the 
s t reams are older and are aggrading 
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Figure 20. This schematic diagram shows some of the key permafrost i n f l u e n c i n g f ac to r s . 
The re l a t ionsh ip between permafrost and topographic p o s i t i o n i s ind ica ted . Vegetation 

found on the various so i l - s lope phases i s also ind ica ted . 

Transition Zones and Valley Fill - P e r ­
haps one of the most severe topographic 
situations occurring in subarctic regions 
f rom a highway standpoint which affect 
permafrost are those connected with 
transition zones and valley f i l l ing. 
Trans i t ion zones and valley f i l l are 
discussed together because of the gen­
e r a l s imi lar i ty in their formation and 
in their physical features. Mater ia l 
eroding f rom the uplands and collecting 
along the slope of the val ley wall i s 

(3). 
The description of transition zones 

and valley f i l l i s divided in two parts . 
The f i r s t part to be discussed concerns 
s m a l l valley f i l l situations where the 
contributing factors are local . The 
second to be discussed involves large 
valley f i l l situations which in some 
instances involve major physiographic 
changes. 

An example of a s m a l l v a l l e y - f i l l 
situation would be a local valley or 
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rather large upland gully with a not too 
great drainage area. When the slope 
or gradient of such a gully i s not great 
the valley i s usually f i l l ed with coUuvial 
mater ia l which i s normally fine tex­
tured. The local valley bottom i s fa i r ly 
broad and forms a slight but perceptible 
concave surface. In many instances the 
gullies do not act as normal gullies but 
rather follow a s e r i e s of connected 
polygon channels. See F i g u r e s 16 and 
17. Drainage through these channels i s 
often rather slow because of the thick 
accumulation of swamp grasses . How­
ever , when the ground slope or the gully 
gradient becomes steep or if for some 
reason a sudden rainfal l should occur 
which would activate the gully, then 
considerable thaw would occur (F ig . 16). 
The force of the running water together 
with its warming effect often resul ts in 
deepening of the polygon channels with­
out appreciable la teral erosion. When 
such a condition o c c u r s , the ice in the 
polygon channel thaws, thus exposing 
ver t i ca l wal l s of frozen so i l s (F ig . 18). 
Such areas are of ser ious concern in 
highway location v^ere it may be nec ­
e s s a r y to c r o s s a s m a l l v a l l e y - f i l l 
situation. In such instances the concen­
tration of runoff associated with highway 
ditching would discharge large quantities 
over the frozen so i l s thus accelerating 
the thaw. If left unchecked, a cons ider­
able amount of soi l would be removed 
resulting f rom an upset in the thermal 
balance ( F i g . 19) (1). 

In the larger v a l l e y - f i l l situations the 
topography i s more subdued and the 
topographic features occur on a much 
larger scale than in the s m a l l e r va l l ey -
f i l l areas . On transition slopes p e r m a ­
frost v a r i e s with the depth of r o c k - s o i l 
mantle and with the topographic position 
both with respect to the elevation of the 
hi l ls ide above the flood plain (2). 

In the upper slopes where the c o l -
luvium usually is relatively free f rom 
fine-textured so i l s , permafrost i s not 
as serious as it i s on lower topographic 
positions. In the winter the difficulty of 
icing f r o m water cross ing the road and 
freezing i s much more severe than the 
permafrost problem. In normal h i l l ­
side situations the mid-portion of the 
h i l l s usually contains deep coUuvial 

mater ia ls which consist of accumulations 
of fme-textured soi ls . In such situations 
the soi l mantle i s frozen; it often con­
tains accumulations of ground ice , ice 
wedges, ice lenses , and considerable 
ice c r y s t a l growth. Any disturbing of 
the mantle of vegetation, part icular ly 
in making a s ide-h i l l cut for a highway, 
wi l l cause severe thawing to occur. 

On the lower portion of h i l l s , in zones 
M^ere the colluvial mater ia l begins to 
build up and form alluvial fans , p e r m a ­
frost problems are severe. Such zones 
contain some rock fragments and the 
major portion of the mater ia l consists 
of the fine soi l brought down the slopes. 
Frequently the slopes are not steep and 
considerable peat has accumulated in 
lower positions. In such situations ice 
wedges are common and occasionally 
masses of ground ice w i l l occur and 
when the soi l s are chiefly s i l t , ice 
c r y s t a l s occur. When s i l t so i l s are 
encountered fros t heaving i s severe. 
Cuts for highways wi l l pass through the 
active zone into the zone of continuous 
permafrost which wi l l resul t in a severe 
upset in the permafrost-vegetation-
thermal balance. Unless attention i s 
given to proper construction and d r a i n ­
age procedures , severe highway dif ­
f icult ies w i l l result . 

In airphoto interpretation topographic 
position plays the chief role in p e r m a ­
frost i d e n t i f i c a t i o n and evaluation. 
Whether the transition zone or va l l ey -
f i l l situation i s large or s m a l l it i s 
necessary to determine the topographic 
position where mater ia ls change f r o m 
"in situ" to col luvial (F ig . 20). It i s 
also important to detect soil-texture 
changes in col luvial zones which are 
reflected in slope, drainage and vege­
tation - a l l of which are easi ly recog­
nized on good quality airphotos. See 
F i g u r e s 21 and 22. Some transition 
zones are c h a r a c t e r i z e d by radia l 
markings of bare rock patches; others 
by so i l - rock flows which are often 
broad m plan and which occur on the 
upper and middle slopes and appear to 
scallop the hi l ls ides . Such features are 
easi ly seen in airphotos and f o r m an 
outstanding and significant feature in 
their identification on the airphotos. 
They suggest unstable so i l conditions 
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Figure 21. This vert ical airphoto contains some of the major topographic features con­
tained in the diagrammetric sketch of Figure 20. I t covers the upper portion of valley 
f i l l to the outward part of the valley f i l l . The arrows point out the following fea­
tures associated with the lower topographic portions where permafrost conditions vary: 

1. a ridge of col luvial s i l t 
2. a gully between two s i l t ridges 
3. n grass-covered embayed area on the border between the f la ts 

and the lower h i l l slopes - Permafrost (PF) at 36 in 
4. dense willow thicket very wet surface (PF at 24 in) . •• j 

. 1 5. polygon area (PF at 18 in) 
6. spruce thicket on an extension of one of the sloping 

, ' , s i l t ridges (PF at 36 in) 
7. small gully ^ . 
8. probable terrace remnant sandy soi l s (PF at 54) ' • 
9. f l a t area grass covered (PF at 27 in) • 

10. swampy area - floating muskeg - ' ' 
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and many are related directly to per­
mafrost (Fig. 23). 

Terraces - Terraces generally exist as 
flat-topped benches, usually sloping 
gently toward the stream with which they 

such as airfields or urban developments. 
Even though the general topographic 
situation of such terraces is good with 
respect to the surroimdings, there are 

1 .%•" vr**. 

Figure 22. This i s an oblique airphoto 
of a valley f i ] ] area near Fairbanks. I t 

contains the area in Figure 21. 

Figure 23. This shows ''hummocks'' oc­
curring on col luvial slopes in the Sub­
arct i c Region. Such features are c learly 
discernable on airphotos. They indicate 

unstable so i l s . 

Figure 24. This i s a sketch showing some of the typical permafrost conditions witii 
respect to position on terraces. 

are associated. In broad valleys, 
usually thought of as being old, terraces 
occur on a grand scale. In contrast, the 
terraces in younger valleys consist of 
a series of narrow bench-like promi­
nences on the valley sides (3). 

Terraces of great areal extent, such 
as those which are found in the major 
valleys, are very important for the 
location of major engineering structures 
which require considerable surface area 

often local features on the terrace 
surface which give rise to severe 
engineering difficulties. Most of the 
large terraces may be thought of having 
three divisions insofar as engineering 
problems are concerned (Fig. 24). 

In considering the use of a terrace 
for the location of an engineering struc­
ture, the des ign of such a struc­
ture must take into account which portion 
of the terrace is used. For convenience, 
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these three zones or divisions are: 
inner zone, middle zone, and outer 
zone. The f i rs t is situated topograph­
ically nearest the valley wall, the 
second is located centrally, and the 
latter may be foimd nearest the ad­
jacent flood plain. Serious engineering 
difficulties may be encountered on the 
inner portion of a terrace. Permafrost 

detrimental permafrost is the rule 
rather than the exception. Design 
practice for engineering structures 
should not be too different than on 
ordinary terraces in warmer areas 
(Fig. 27). 

Identification of soils and permafrost 
is based on the evaluation of the air­
photo pattern elements. Interpretation 

Figure 25. This i s a low altitude ob­
lique photo of the inner part of a ter­
race. Note the vehicle tracks in the 

" f loa t ing muskeg a r e a " . 

Figure 26. This i s a cut made in the 
center part of a terrace area; i t i l l u s ­
trates the problem of varying, subgrade 

conditions. 

conditions are usually severe in this 
inner zone since excessive s u r f ace 
water, poor drainage, and a deep 
overburden of fine-textured soils pre­
vail. On the inner portion of the larger 
terraces, particularly in the transition 
zones between terrace and upland or 
terrace and valley wall, topographic 
position becomes exceedingly important 
because of the influence of the adjacent 
uplands. In such areas, a deep mantle 
of fine-textured soil occurs; this mantle 
is frozen and often contains polygons. 
In many instances such areas consist of 
extensive muskeg (Fig. 25). Pockets 
of ground ice occur frequently. In the 
central portion of terraces, surface 
features and permafrost conditions are 
variable and the problem of varying 
soils occurs. When designing engineer­
ing structures, constant attention is 
necessary to meet the requirements of 
changing soil and permafrost conditions 
(Fig. 26). In the outer portion of 
terraces, soils and drainage are more 
favorable for engineering use than in 
either of the other zones. The lack of 

of the poorest engineering situations 
in terraces where soils are fine- tex­
tured and detrimentally frozen is based 
on relatively few photo pattern elements 
- the local topogr^hic situation being 
the most important. Under the stereo­
scope the land form of any terrace 
spears as a bench or shelf whose 
topogr^hic position is between that of 
the flood plain on one side and the up­
land on the other side. When surface is 
nearly flat and the .arrace Bcarp is 
steep, granular soils are suggested. 
Surface features on frozen terrace vary 
considerably. 

The presence or absence of perma­
frost on terraces depends on many 
factors, most of which can be seen 
directly on airphotos. In the timbered 
regions, broad flat areas mantled with 
aspen usually indicate dry andfrost-free 
materials (Fig. 28), while stunted 
spruce, tamarack or tundra-type veg­
etation (niggerheads and dwarf birch), 
usually indicate frozen soil (6). Con­
trasts in vegetative cover usually in­
dicate contrasts in soil conditions (Fig. 
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29). As an example, the outward 
portion of a terrace may be mantled 
with aspen and may be unfrozen, the 

Figure 27. This shows a highway cut made 
in the outward part of a terrace. The 
gravels here are unfrozen for consider­

able depth. 

wall (usually consisting of the lower and 
outward part of a transition zone) may 
be rather swampy, marked with poly­
gons, and support dwarf birch and 
niggerheads, thus indicating detrimen­
tally-frozen materials. Low terraces, 
mantled with spruce-birch forests or 
spruce-tamarack forests which are 
otherwise frozen, may be crossed with 
a series of unfrozen natural levees 
which are mantled with aspen. The 
presence of polygons on terraces in­
dicates detrimentally-frozen materials 
(Fig. 30). 

Gullies on frozen terraces rarely 
exist unless they accompany a thaw and 
if polygons are present, the gullies wi l l 
outline the geometric plan of polygon 
channels which are clearly evident on 
the airphotos. The local area around 
such a gully wil l show extensive thaw 

Figure 28. This airphoto contains many of the identifying elements of a good engineer­
ing l o c a t i o n - that o f f r o s t - f r e e granular materials. 

middle portion of the terrace may 
support stunted spruce and tamarack 
and may be dry frozen, and the inner 
part of the terrace adjacent to the valley 

with considerable sloughing of soils. 
Generally speaking, gully shape, gradi­
ent, and cross section are reliable 
soil-texture indicators only in unfrozen 
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Figure 29. This low terrace has been marked to indicate various permafrost-position 
relationships. The following areas are described: 

A grass and low brush, local ly depressed, frozen s i l t at 19 in 
B grass and willow, low channel scar, unfrozen sandy s i l t for 54 in 
C - willow covered, s l ight ly higher ridge l e f t by current act iv i ty , 

sand, unfrozen 54 in (auger length) 
D - grass - f i l l ed abandoned meander, flowing water, sand and unfrozen 

for 54 in 
E - dense willow thicket, moss and peat, frozen s i l t below 24 in 
F - depressed muskeg area, polygons, frozen below 24 in 
G - large, sand-f i l led stream meander scar, dry, unfrozen for at 

least 54 in 
H - poplar grove on gravel, dry, unfrozen 
I - polygon area, frozen s i l t below 18 in 
J - current markings - gravel, unfrozen 



116 

Figure 30. H i i s airphoto shows how some of the permafrost-topographic s i t u a t i o n s appear 
i n a r c t i c v a l l e y s . "Iliis area contains: 

U - rocky upland, c h i e f l y shale, frozen 
A - g r a v e l l y flood p l a i n , unfrozen near the stream proper 
B, D, C - form a gravel t e r r a c e 
B - the outward portion, gravel, unfrozen 3 to 5 f t 
C - the inner portion, s i l t covered, frozen belov; 18 i n , polygons 

of r a i s e d - c e n t e r type, i c e wedges 
D - depressed area, s i l t and i c e mantle, depressed-center polygons 

ground i c e areas 



soil areas. This means that, as far as 
Alaska is concerned, the gullies occurr­
ing in unfrozen gravel terraces are 
indicative of the terrace materials 
regardless of where the terrace occurs. 
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meet this requirement. ; 
It is in alluvial soils that the widest ' 

variations occur both in soil textures \ 
and permafrost conditions. Texturally, 
alluvial soils range from gravels to 

Figure 31. This i s an i l l u s t r a t i o n of the backwater area adjacent to the next higher 
major land form. Muskegs, ground i c e , polygons and frozen s i l t s u s u a l l y occur. 

Flood Plains - The flood plains of val­
leys, more commonly called recent 
alluvium, contain streams whose course 
is shifting constantly because of the 
heavy load of alluvial sediment and 
because of the relative freedom from 
obstructions in the flood plain. Both 
soil textures and permafrost conditions 
vary widely in alluvial soils. Modern 
engineering structures often require 
vast unobstructed areas. Flood plains 
offer the best topographic situations to 

silt (clays are in the minority in the 
Arctic and Subarctic). As far as engi­
neering conditions are concerned the 
best sites are the unfrozen well-drained 
gravels. Perhaps next in order of 
preference are the frozen gravels, fro­
zen sands, and thefrozen silts. Where-
ever possible all engineering construc­
tion should be confined to the more 
granular soils which in many instances 
are unfrozen. 

In flood plain areas where the topo-
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graphic position is low and often within 
a few ft of the local base level of ero-

water. Inland from the stream proper 
permafrost varies considerablv- It 

Figure 32. This shows a t y p i c a l braided stream pattern. 

Figure 33. Tl i i s i s a low a l t i t u d e ob­
lique of the Yukon Valle y , known i n t h i s 
area as the "Yukon F l a t s ' ' , p a r t l y be­
cause of i t s vast s i z e and r e l a t i v e l y 

f l a t topography. 

sion, permafrost is generally sporadic. 
In areas adjacent to the stream the 
soils are usually unfrozen because of 
the warming effect of the circulating 

exists in the long and broad channels 
left by current activity which are filled 
with silt and peat and contain muskeg-
type vegetation. The most detrimental 
permafrost situations occur in the 
ponded backwater areas usually situated 
behind the natural levees or near upland 
borders (Fig. 31). Such areas occupy 
the lowest topographic situations in a 
flood plain or valley. 

As far as airphoto interpretation is 
concerned flood plain deposits are 
characterizedby current markings (Fig. 
32) in the form of abandoned stream 
meanders, natural levees, bars, and 
ox bows. In the broad stream valley 
situations, the meanders form great 
sweeping arcs and cover a considerable 
portion of the valley floor (Fig. 33). 

Stereoscopic study of airphotos will 
reveal the flood plain to be an interior 
basin which is low topographically. 
Topographically, flood plains are flat 
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with the only relief occurring between a 
stream meander and an adjacent ridge 
or a natural levee left by current activ­
ity. In the narrow and rather confined 
flood plains, local relief is sometimes 
greater because of the increased current 
activity which results in deep scour in 
some places and deposition in others. 

Photo interpretation wil l usually 
result in finding no established drainage 
pattern in recent alluvial or flood-plain 
areas. The m a j o r stream and its 
tributaries usually provide the only 
surface drainage. The natural levees 
are often well drained internally and do 
not show results of surface drainage. 
Inland, the flat topograpny and lack of 
sufficient fa l l together with some retard­
ing of drainage afforded by natural 
levees, results in a widespread swampy 
condition. Polygons wil l occur on inter­
mediate topographic positions where 
flooding rarely occurs. These features 
are clearly discernable on airphotos. 

CONCLUSIONS 

be ascertained, and design practice can 
be determined with a minimum amount 
of field work, time, delay, and expense. 

4. In general, the best location for 
construction of highways, airfields, and 
towns and cities in permafrost regions 
consist of the well-drained granular 
terraces which can be readily identified 
and evaluated from contact airphotos. 
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As a result of nearly five years of 
study including field work in the air­
photo interpretation of soils and perma­
frost as applied to the Arctic and Sub­
arctic Regions, a number of conclusions 
may be stated as representative of the 
progress, significance, and expected 
use of airphoto interpretative analysis. 
With regard to the factor of topographic 
position as i t pertains to permafrost and 
its importance on highway location and 
construction, the following is offered: 

1. In Subarctic Regions topographic 
position is one of the most important 
factors in the occurrence of permafrost 
and, therefore, in its identification both 
from airphoto interpretation and field 
practices. 

2. In Subarctic Regions, topographic 
position can be evaluated on the air­
photos, thus enabling the interpreter to 
determine the presence or absence of 
detrimental permafrost both in regional 
as well as in local situations. 

3. By utilizing airphoto interpreta­
tive procedures in Arctic and Subarctic 
Regions, engineering problems can be 
anticipated, feasible site locations can 

REFERENCES 

1. Frost, Robert E . , Hittle, Jean E. , 
and Woods, K. B . , "Summary and 
Statement of Technique Aerial 
P h o t o g r a p h i c Reconnaissance 
Investigation Frozen Soils in the 
Territory of Alaska", Appendix 
No. 3, of "Comprehensive Report 
Investigation of Airfield Construc­
tion in Arctic and Subarctic Re­
gions", 2nd Revision, Engineering 
Experiment S t a t i o n , Purdue 
University, May, 1948. 

2. Frost, R. E . , "Evaluation of Soils 
and Permafrost Conditions in the 
Territory of Alaska by Means of 
Aerial Photographs", To be pub­
lished by the Engineering Exper­
iment Station, Purdue University, 
Lafayette, Ind., in 1950. 

3. Lobeck, A. K . , "Geomorpholo-
gy", FirstEd., McGraw-Hill Book 
Co., Inc.. New York, 1939. 

4. Manger, H. J . , "Proper Construc­
tion Procedures m Permafrost 
Areas", Civil Engineering, Vol. 



120 

17, No. 7 and 8, July and August, 
1947. 

5. MuUer, S. W., "Permafrost or 
Permanently Frozen Ground and 
Related Engineering Problems", 
Edwards B r o s . , Ann Arbor, 
Mich., 1947. 

6. Stoeckeler, E. G., "Identification 
and Evaluation of Alaskan Vege­
tation from Airphotos with Ref­
erence to Soil, Moisture, and 
Permafrost Condition", a pre­
liminary paper prepared by the 
Field Operations Branch, Perma­
frost Division, US Corps of Engi­
neers, Tune, 1948. 

7. Wilson, K. K. Jr. , "The Problems 
of Permafrost", Ui I if ary Engineer. 
Vol. 40, No. 270, pp. 162-164, 
Apri l , 1948. 

8. Woods, K. B . , HitUe, Jean E . , 
and Frost, R. E . , "Use of Aerial 
Photographs in the Correlation 
Between Permafrost and Soils", 
Uilitary Engineer,Vol. 40, No. 
277, pp. 497-499, Nov., 1948. 

9. Woods, K. B . , HitUe, J. E. and 
Frost, R. E. , "Correlation Be­
tween Permafrost and Soils as 
Indicated by Aerial Photographs", 
Proceedings. 2nd Int. Conf. on 
Soils Mechanics and Fdt. Engr., 
Vol. 1, pp. 321-324, Rotterdam, 
June, 1948. 

SELECTED REFERENCES FOR 
FURTHER READING 

Beskow, G., "Soil Freezing and Frost 
Heaving with Special Application 
to Roads and Railroads", Swedish 
Geol. Soc., 26th Year Book No. 
3 - Series C. No. 375, Tech. Inst. 
Northwestern Univ., Evanston, 
111., 1947. 

Black, Robert F . , and Barksdale, 
William L . , "Oriented Lakes of 
Northern Alaska", Journal of Ge­
ology.Vol. 57, No. 2, pp. 105-
118, March, 1949. 

Bryan, K . , "Study of Permanently 
Frozen Ground and Intensive 
Frost-Action", Uilifary Engineer, 
Vol. 40, No. 273, pp. 304-308, 
July, 1948. 

Cressey, George B . , "Frozen Ground 
in Siberia", Journal of Geology. 
Vol. 47, pp. 472-488, 1939. 

Emery, K. O., "Topography and Sed­
iments of the Arctic Basin", 
Journal of Geology, Vol. 57, No. 
5, Sept., 1949, 

"Essentials of Foundation Design in 
Permafrost", Pub/ic fiorks. Vol. 
79, No. 2, pp. 28-30, Feb., 1948; 
No. 3, pp. 27-30, March, 1948. 

Frost, R. E . , "Prospecting for Engi­
neering Materials", Pan American 
Conference, March 24, 1949. 

Frost, Robert E . , "How Can a Highway 
Department Use Aerial Photo­
graphs", Proceedings, Mississippi 
Valley Highway Conference, 
March, 1949. 

Hart, C. A . , and Bradbeer, B. F. J . , 
"Use of Aerial Photogr^hy", 
Surveyor, Vol. 107, No. 292, pp. 
135-136, March 12, 1948. 

"Highway Systems of Alaska", Hesfern 
Construction News. Vol. 23, No. 1, 
pp. 70-71, Jan., 1948. 

Hopkins, David M . , "Thaw Lakes and 
Thaw Sinks in the Imuruk Lake 
Area, Seward Peninsula, Alaska", 
Journal of Geology,Vol. 57, No. 
2, March, 1949. 

Johnston, R. M . , "Speeding-up the 
Alaska Highway by Aerial-Survey 
Methods", Roads and Bridges.Hov. 
1942. 

Krynine, D. P., "Soil Investigations in 
Russia", Proceedings, Highway 
Research Board, Vol. 9, pp. 66-
74, 1930. 

Miller, James Nevin, "Sky Mappers of 
Alaska Aerial Survey", Science 
News Letter,Vol. 16, No. 451, 
pp. 333-335, Nov. 30, 1929. 

Pryor, W. T . , "Aerial Surveying on the 
Alaskan Highway 1942", Publ ic 
Roads Vol. 24, No. 11, Jan., 
Feb., Mar., 1947. 

Siddall, K. H . , "Planes Blaze Trail for 
AlaskaHighway", Flying. Vol. 33, 
pp. 54-56, Sept., 1943. 

Spofford, C. M . , "Low Temperatures 
in I n a c c e s s i b l e Arctic Inflate 
Construction Costs", Civil Engin­
eering, Vol. 19, No. 1, Jan., 
1949. 

Taber, Stephen, "Perenmally Frozen 



121 

Ground in Alaska: Its Origin and 
H i s t o r y " , Bulletin. Geological 
Society of America, Vol. 54, 1943. 

Taber, Stephen, "Some Problems of 
Road Construction and Mainte­
nance in Alaska", Public Roads, 
Vol. 23, No. 9, July-Sept., 1943. 

Wahrhaftig, Clyde, "The Frost-Moved 
Rubbles of Jumbo Dome and their 
Significance in the Pleistocene 
Chronology of Alaska", Journal of 

Geology,Vol. 51, No. 2, March, 
1949. 

Williams, G. A . , "Winter Maintenance 
Problems on the Alaska Highway", 
Roads and Bridges, p. 27, Nov., 
1943. 

Wilson, J. D . , "Arctic Construction", 
Uilifary Engineer.Vol. 41, No. 
282, pp. 258-260, July-Aug., 
1949. 



HIGHWAY RESEARCH BOARD BULLETINS* 

No. 1 Silicate of Soda as a Soil Stabilizing Agent, by W. Derby Laws 
and J . B. Pagp. (1946) 21 pp $0.15 

No. 3 Report of GonmittRe on Highway Organization and Administration 
(1947) 23 pp 30 

No. 4 Report of Connittee on Land Acquisition and Control of Highway 
Access and Adjacent Areas (1947 ) 42 pp 45 

No. 5 Report of Connittee on Coinp.iction of Subgrades and Dnbanlciijents 
(1947 ) 23 pp 30 

No. 6 Report of Committee on Uses of Hi{;hway Pl-mning Survey Data 
(1947)-40 pp 45 

No. 7 An Analysis of State Diabling Legislation of Special and Local 
Qiaracter Dealing with Automobile Parking Facil it ies , by David 
R. Levin (1947) 30 pp 30 

No. 8 Design of Flexible Pavements Using the T^iaxial Compression Test -

Kansas Method (1947) 63 pp 75 

No. 9 Salary and Wage Practices of State Iliĝ iway Departments (1947) 51 pp . . . .60 
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N A T I O N A L R E S E A R C H C O U N C I L 

The National Academy of Sciences is a private organization of eminent 
American Scientists, chartered under a special act of Congress in 1863 to 
"investigate, examine, experiment, and report on any subject of science or 
art. " The Academy maintains the National Research Council as its opera­
ting agency. 

The Council, organized with the cooperation of the scientific and techni­
cal societies of America, enjoys the voluntary services of more than 2600 
scientists making up over 400 standing committees, boards, and panels in 
all fields of the natural sciences; its membership includes representatives 
of business and industry. The Council provides advisory and administra­
tive services for research, and attempts to stimulate and coordinate re­
search effort. 

DIVISION OF E N G I N E E R I N G AND 
I N D U S T R I A L R E S E A R C H 

The National Research Council operates through eight divisions covering 
fundamental and applied natural sciences, as well as matters of inter­
national relations in scientific research. The Division of Engineering and 
Industrial Research is concerned with the stimulation and correlation of 
research in a wide variety of fields in engineering and the applied sciences. 

EXECUTIVE COMMITTEE - C. RICHARD SODERBERG, Chairman; WM. 
R. HAINSWORTH, Vice Chairman; FREDERICK M. F E K E R , T. H. 
MacDONALD, PAUL D. FOOTE. 
EXECUTIVE SECRETARY - LOUIS JORDAN. 

H I G H W A Y R E S E A R C H BOARD 

The Highway Research Board is organized under the auspices of the Div­
ision of Engineering and Industrial Research of the National Research Coun­
cil . Its purpose is to provide a national clearing house for highway research 
activities and information. The membership consists of 42 technical, educa­
tional, industrial, and governmental organizations of national scope. As­
sociates of the Board are firms, corporations, and individuals who are in­
terested in highway research and who desire to further its work. 

The purposes of the Board are: "To encourage research and to provide 
a national clearing house and correlation service for research activities and 
information on highway administration and technology, by means of: (1) a 
forum for presentation and discussion of research papers and reports; 
(2) committees to suggest and plan research work and to correlate and eval­
uate results; (3) dissemination of useful information and (4) liaison and co­
operative services." 
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