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INTRODUCTION 

Frank R. Olmstead, Oiairman 
Soils Engineer 

Bureau of Public Roads 

This i s the fourth in the ser ies of r e ­
lated publ icat ions sponsored by the Com­
mittee on So i l Surveying and Mapping. The 
three previous b u l l e t i n s - No. 13, "Die 
Appraisal of Terrain Conditions for Highway 
Engineering Purposes," No. 22, "Die Engi ­
neering Use of Agricultural Soi l Maps," and 
No. 28, 'So i l Exploration and Mapping" pre­
sented information on methods and applica­
t ions of t e r r a i n c l a s s i f i c a t i o n and sub­
surface exploration for engineering purposes. 
These bu l l e t ins a l so indicated the status 
of geological and agricultural so i l mapping 
in the United States and l i s t s of geologists 
and s o i l sc i ent i s t s were included for ready 
reference purposes. 

This bu l l e t in i s a continuation of the 
pol icy of the comihittee to present i n f o r ­
mation »^iich should be useful to the high­
way engineer. I t contains a group of re ­
lated papers on the use of a e r i a l photo­
graphs to obtain terrain information, such 
a s , type o f s o i l s , parent m a t e r i a l and 
drainage from the study of airphoto s o i l 
and rock patterns. The status of current 
geologic and agricul tural s o i l mapping are 
indicated, and revised l i s t s of geologists 
and s o i l s c i e n t i s t s , tabulated by s tates , 
are given to amend previous published l i s t s . 
This bul let in contains an information c i r ­
cular prepared by the U.S . Geological Sur­
vey which i n d i c a t e s the s t a t u s of topo­
graphic mapping in the United States . Ihe 
c i r c u l a r w i l l be found i n a pocket which 
follows the l a s t page of th is publication. 

The committee i s i n general agreement 
with the p r i n c i p l e of i d e n t i f i c a t i o n and 
c l a s s i f i c a t i o n of so i l s and parent material 
from the study of a e r i a l photographs, but 
at th is point i t wishes to of fer a word of 
caution to engineers who may be considering 
the use of a e r i a l photographs to obtain 
s o i l and rock information. I t i s not a 
d i r e c t method of a n a l y s i s and e r r o r s i n 
making engineering estimates of s o i l and 

rock character is t ics may occur as the resul t 
of improper interpretation of the airphoto 
patterns. The accuracy of t h i s i n d i r e c t 
method depends upon the a b i l i t y of the a i r ­
photo analyst to obtain sa t i s fac tory cor­
relation of the airphoto so i l patterns with 
geologic and agronomic f ea tures of the 
terra in . To be able to do this requires a 
knowledge of both geology and pedology as 
i t i s r e l a t e d to highway s o i l problems. 
One way to expedite the tra in ing of engi­
neers in th is special ized f i e l d i s to i n i ­
t i a t e research projects which cons i s t of 
the preparat ion of engineering s o i l and 
drainage maps, mater ia l inventor ie s and 
f i e l d s tudies of pavement performance on 
an area basis . Several states have cooper­
ative research projects with the Bureau of 
Publ ic Roads to, develop engineers who can 
make the proper interpretation of airphoto 
s o i l patterns occurr ing i n t h e i r s t a t e . 
Other s t a t e s are working along s i m i l a r 
l i n e s to develop the necessary know how. 

I t i s reasonable to predict that as more 
and more s ta tes complete the engineering 
s o i l mapping on a state-wide bas i s there 
w i l l be a development of regional c o r r e ­
lat ions of design, construction, mainten­
ance practices, and t r a f f i c pat terns on 
an area b a s i s . I t i s l i k e l y that these 
areas w i l l have s imi lar ranges in t erra in 
cond i t i ons which can be i d e n t i f i e d and 
c l a s s i f i e d on the basis of landform drain­
age and texture or from the s o i l - p r o f i l e 
c h a r a c t e r i s t i c s related to those elements 
of the landscape. The r e s u l t s of such 
coordinated research should be r e f l e c t e d 
i n the b e t t e r understanding of highway 
engineering problems as they are r e l a t e d 
to t e r r a i n and t r a f f i c condi t ions . The 
airphoto method of terrain analysis supple­
mented with a l i m i t e d amount of ground 
reconnaissance to obtain r e l i a b l e checks 
should be an economical and reasonable way 
to make these regional correlations. 



G E O L O G I C S U R V E Y M A P P I N G I N T H E U N I T E D S T A T E S 

The committee indicated in bu l l e t in 28 
the status and usefulness of geologic maps 
f o r highway-engineering purposes. The 
following information furnished by the U.S. 
Geolog ica l Survey a t the request of the 
committee has been included to supplement 
the information contained in B u l l e t i n 28. 

Current Investigations of the U.S.G.S. In­
volving Geologic Mapping - The Geological 
Survey prepares geologic maps for several 
purposes in more than one of i t s divisions. 
The Geologic Div i s ion conducts systematic 
surveys and research and i n v e s t i g a t i o n s 
re lated to mineral resources and to engi­
n e e r i n g geologic problems. Many of the 
geologic maps prepared by t h i s d i v i s i o n 
are highly detailed and res tr i c ted to min­
e r a l i z e d areas. The Water Resources D i ­
v i s i o n , through i t s Grouitd Water Branch, 
makes s y s t e m a t i c and s p e c i a l geo log ic 
invest igat ions i n connection with the oc­
currence of ground water. Many of the 
studies have special application to highway 
construction and planning. Geologic maps, 
c r o s s - s e c t i o n s , and texts are published. 

The fo l lowing l i s t of i n v e s t i g a t i o n s 
include only a real geologic mapping which 
i t i s f e l t may be useful to engineers en­
gaged i n construct ion work i n the areas 
concerned. 

As geologists in charge of the Geologic 
Division projects, Table l . a r e in the f i e ld 
for only a part o f the year , and as the 
investigations frequently involve consider­
able laboratory and o f f i ce research gener­
a l l y not performed i n the f i e l d area, i t i s 
suggested that any inquiry about them should 
be addressed to Director , U .S . Geological 
Survey, Washington 25, D. C . Water Re­
sources D i v i s i o n p r o j e c t s . Table 2, are 
d i r e c t e d from permanent o f f i c e s i n the 
s ta tes where both o r i g i n a l and published 
records are available. Inquiry may be made 
through the f i e l d o f f i c e s or through the 
Director, as indicated above. 

STATE GEOLOGICAL INDEX MAP 

The following state index maps are avail­
able and may be obtained from Director, U. 
S. Geological Survey, Washington 25, D. C . , 
for the prices indicated. The indexes for 
s ta tes west of the M i s s i s s i p p i R i v e r may 
also be obtained from the Map Distr ibution 
O f f i c e , U . S . Geo log ica l Survey, Denver 
Federal Center , Denver, Colorado. Each 
published geologic map i s out l ined on a 
s ta te base map; an explanatory key gives 
the source and date of publication, author 
and sca le . The sca le of most s tate index 
maps I S 1:750,000, a few were published on 
a scale of 1:1,000,000. Outline patterns 
that show the areas covered by geologic 
maps are printed in four colors to indicate 
approximate scale of maps. 

Alabama $ 40 New Jersey t .-

Arizona 35 New Mexico .70 
Colorado .70 North Carolina .50 
Georgia .25 North Dakota 40 
Idaho .25 Ohio .25 
Indiana .45 Oregon .25 
Iowa .35 South Carolina .25 
Kansas .30 South Dakota .30 
Louisiana . 50 Tennessee .40 
Maine .25 Texas .60 
Maryland-Delaware .40 Utah .25 
Miss iss ippi .25 Virg in ia .40 
Missouri .30 Washington .35 
Montana .35 West Virg in ia .25 
Nebraska .35 Wyoming .50 
Nevada .30 C a l i f o r n i a - in progres 

Most of the states have geological sur­
veys or s i m i l a r s t a t e agencies that can 
supply information on a v a i l a b i l i t y of geo­
l o g i c maps and work i n progress wi th in 
their states. The names of the state geolo­
gists and the Jocation of their o f f ices have 
been l i s t ed in Table 3 for ready reference. 



TABLE I 

CURRENT INVESTIGATIONS INVOLVING ffiOLOGIC MAPPING GEOLOGIC DIVISION, 1 62, 500 OR LARffiR SCALES 

STATE PROJECT PROJECT CHIEF 

Alabama Survey o f the b e l t o f Cretaceous rocks i n Central Alabama L C Conant 
Arizona Geologic Mapping o f areas long the Colorado River , Mojave County C R Longwell 

Ft McDowell Quad , Maricopa County R C Townsend 
Jerome Copper D i s t r i c t , Yavapai County C A Anderson 
Globe-Miami Copper D i s t r i c t , Gi la County N P. Peterson 
San Manuel Copper D i s t r i c t , P inal County G M Schwartz 
L i t t l e Dragoons Copper D i s t r i c t , Cochise County J R Cooper 
Central Cochise County J G i l l u l y 
Carr iso Mountains, Northeastern AriKons J D. S t r o b e l l , J r 

Arkansas North Arkansas O i l and Gas, Geologic Mapping and s tudies o f resources, Newton-
Searcy Counties J C Maher 

Ca] 1 f o r m a San Andreas R i f t Zone, Los Angeles and San Bernardino Counties Levi F Noble 
Areas i n Mojave Desert Region, San Bernardino and Kern Counties D F Hewett 
San Francisco Area J u l i u s Schlocker 
Bishop Tungsten D i s t r i c t , Inyo County P C Bateman 
Motherlosd Gold D i s t r i c t , Tuolumne and Calavaras Counties A A Stromquist 
Shasta Copper D i a t r i c t , Siasta County A. R Kinkel 
Cerro Gordo Quadrangle, Inyo County W C Smi th 
Pala Pegmatite d i s t r i c t , San Diego and Riverside Counties R H Jahns 
Ubehebe Peak -Quadrangle, Inyo County J . F McAlis te r 
Darwin area, Inyo County J F McAlis te r 
Study o f deep d r i l l cores o f Los Angeles Basin A 0 Woodford 
Northwest Santa Ana Mountains, Orange Co D M Kinney 
Study o f Miocene and Pliocene deposits o f the Santa Clara Va l l ey , Ventura and 

Los Angeles Counties E L Winterer 
Colorado S u r f i c i a l Geology--Dtonver Area C B Hunt 

Deta i led Geologic mapping along Upper South P l a t t e (North f o r k ) . Park, J e f fe r son 
and Douglas Counties Gl en R Scott 

Crys ta l Mountain, Pepnatite D i s t r i c t , Larimer County W. R Thurston 
( ^ a r t i Creek Pegmatite D i s t r i c t , Gunnison County M H Staatz 
G a r f i e l d Quadrangle, Chaffee and Gunnison County M G. Dings 
Kokomo (Tenmile) Mining D i s t r i c t , Suonit , Lake, and Eagle Counties A H Koschmann 
Central San Juan Mountains W. S Bkirbank 
Holy Cross Quadrangle, Eagle, Lake, Sunmit, and P i t k i n Counties 0 L Tweto 
Tr in idad Coal F i e l d , Southeastern Colorado G H. WofMl, J r 
O i l shale areas i n G a r f i e l d County J R Donne11 
Glenwood Springs Quadrangle, G a r f i e l d County N W Bass 
Animas River Coal F i e l d , LsPlate, Archuleta and Monteiuma Counties H Barnes 
Uinta Basin O i l Shale-White River Area, G a r f i e l d and Rio Blanco Counties W B Cashion 

Connecticut Pepnatite d i s t r i c t s i n H a r t f o r d and Middlesex Counties F Stugard, J r 
Idaho Seven Devi l s Copper D i s t r i c t , Adams County R S Cannon 

Blackbird-Noble "3 Quadrangle, Lemhi County J S Vhey 
Phosphate d i a t r i c t s i n Bear Lake, Caribou, Bannock, and Brigham Counties R W Swanaon 
Coeur d'Alene mining d i s t r i c t , Shoshone County S W Hobbs 
Orof lno Area, Clearwater County A Hietanen-Mekela 

Kansas County by county survey o f cons t ruc t ion mater ia l s i n northern and cen t ra l Kansas F E Byrne 
Geologic mapping o f Pennsylvanian rocks i n Kansas beginning i n Wilson County H C Wagner 

Kentucky Geology o f the coal-bear ing region i n eastern Kentucky J W Huddle 
Maine Poland Quadrangle, Androscoggin, Cumberland, and Oxford Counties J B Hanley 
Maryland Brandywine area, Prince Georges and Qiar les Counties J T Hack 
Massachusetts Mapping o f Quadrangles i n Massachusetts i n cooperation w i t h Massachusetts 

Department o f Publ ic Works L W Cur r ie r 
Michigan Michigan Copper D i s t r i c t , Houghton, Keweenaw, and Ohtonagon Counties W S White 

I r o n Deposits, I ron and Dickinson Counties H L James 
Minnesota Cuyuna Range, Crow Wing County R G Schmidt 
Montana Medicine Lake Area, Sheridan, Roosevelt, and Daniel Counties I J Wi tk ind 

St ra t igraphy o f B e l t Series in and near western Montana C P Ross 
Plentywood, Sheridan and Roosevelt Counties R B Col ton 
Fort Peck Dam Pro j ec t , McCone and Val ley Counties F. S. Jensen 
Big Sandy Creek, South h a l f Oiouteau and Blaine Counties R M. L indval1 



TABLE 1 ( c o n t i n u e d ) 

CURRENT INVESTIGATIONS INVOLVING GEOLOGIC MAPPING GEOLOGIC DIVISION, 1 62, 500 OR LARGER SCALES 

STATE PROJECT PROJECT CHIEF 

Montana Great Falls-Sun River Area R W Lemke 
Bentonite Deposits o f the Y e l l o w t a i l D i s t r i c t , Bighorn County M M Knechtel 
S t i l l w a t e r Qiromite Deposits, S t i l l w a t e r and Sweetgrass Counties J W Peoples 
Phosphate deposits o f Southwest Montana, Beaverhead and Madison Counties R W Swanson 
Jud i th Mountains, Fergus County E N (joddard 
Boulder B a t h o l i t h , Broadwater and Je f fe r son Counties M R Klepper 
Powder River Coal F ie lds , Powder River, Rosebud, snd Bighorn Counties R P Bryson 
Lewistown, Forest Grove-Button Butte Area, Fergus County L S Gardner 
Stanford-Hobson area, Jud i t h Basin County J D Vine 
Mission Canyon P ro j ec t , Park County P W. Richards 
Girard Coal F i e l d , Richland County G E Pr ichard 

Bearpsw Mountains, H i l l , Qiotesu, and Blaine Counties W T Pecora 
Nebraska Yankton Area, Cedar and Knox Counties H E Simpson 

Geology and Construct ion Mate r ia l s o f ^ad rang le s i n the Republican River Val ley E Dobrovolny 
Quadrangles along the Lower P l a t t e River, Val ley end Howard Counties E Dobrovolny 

Nevada Carson Sink Basin, C h u r c h i l l County R B Morrison 

Mojave Dfesert Region, Clark County, (Scale 1 120,000) D F Hewett 

Geology along Colorado River , Clarke County C R Longwel1 
H i l l t o p and Crescent Val ley Quadrangles, Lander County James G i l l u l y 
Gabba Magnesite D i s t r i c t , Nye County C J V i t s l i s n o 
Ant l e r Peak Quadrangle, Lander and Humboldt Counties R J Roberts 
Sonoma Range Quadrangle, Pershing, Humboldt, and Lander (Aunt ies H G Ferguson 
Steamboat Springs D i s t r i c t , Wsshoe (jounty D E White 
Eureka Mining D i s t r i c t , Eureka County T. B Nolan 
Pioche Mining D i s t r i c t , L inco ln (jounty C F Park, Jr 

lone Quadrangle, Nye County Siemon « MuUer 

New Jersey Study o f Magnetite Deposits, New Jersey Highlsnds A F Buddington 
Dover I r o n Mining D i s t r i c t , Morr is 0>unty P K Sims 

New Mexico Potash resources i n Eddy and Lea Counties C L Jones 
Burro Mountains Fluorspar D i s t r i c t , Grant (bounty E Gillerman 
S i l v e r C i t y Mining Region ( i rant County R. E Hernon 
Sangre de O i s t o Mountain area, Santa Fe, San Miguel , Taos, Mora, and Col fax Co C B. Read 
Qiaco River Coal F i e l d , San Juan County E C. Besumont 

Socorro &>unty C B Read 

(Colfax County G H Wood, J r . 

Carr iso Mountains, Northwestern New Mexico J D S t r o b e l l , J r 
Tohatchi Area, McKlnley County J D Sears 
Animas River Coal F i e l d , San Juan County H Barnes 
Vallea Mountains Region, Sandoval County C. S. Ross 

New York (jouvemeur Talc d i s t r i c t , St Lswrence County A E J . Engel 
Magnetite Deposits, St, Lawrence and C l i n t o n Counties A. F Bbddington 

North Carol ina Great Smoky Mountains Nat ional Park, Swain, Haywood and Jackson Counties P. B King 
Shelby (^sdrangle R G Yates 
Spruce Pine Pe^natlte D i a t r i c t , Avery, M i t c h e l l , and Yancey Counties J L Kulp 
Hamme Tungsten D i s t r i c t J M Parker, 3d 
Deep River Coal F i e l d , Qtatham, Lee and Moore (counties J A Reinemund 

North Dakota Pleistocene Geology, Western North Dakota A D Howard 
Medicine Lake Ares, Divide and Wil l iams Counties I J . Wi tkmd 

Missour i -Sour is P r o j e c t , Northwest N D R W Lemke 
Square Butte Cosl F i e l d , O l i v e r County W D Johnson, Jr 
K n i f e River Area, Mercer County W E Benson 

Oklahoma I V l - S t a t e Lead-Zinc D i s t r i c t , Ottawa County E T Mcknight 

Oregon Por t land I n d u s t r l s l Ares D E IVimble 
John Day Qiromite D i a t r i c t , Grant County T P. Hiayer 
( j a l i ce Quadrangle, Josephine County F G Wells 
Region west o f Wil lamette River , Northwestern Oregon H E Vokes snd 

E M Baldwin 
Pennsylvania Pot ter County C S Denny 

Magnetite Deposits, York snd Lancaster Counties A F Buddington 
Selected coal mining areas i n Pennsylvania Anthrac i te Region Boyd Haley 



TABLE 1 ( c o n t i n u e d ) 

CURRENT INVESTIGATIONS INVOLVING GEOLOGIC MAPPING CEOLOGIC DIVISION, 1 62, 500 OR LARCER SCALES 

STATE PROJECT PROJECT CHIEF 

Rhode I s land Northeastern EUiode I s land A W Quinn 
South Dakota Pleistocene Geology, Eastern h a l f o f S D R F F l i n t 

Pierre Area, Stanley and Hughes Counties D R Crandell 
Qiamberlam Area, Brule , Lyman, and B u f f a l o Counties C. R Warren 
Yankton Area, Yankton and Bonhomme Countiea H E. Simpson 
Custer-Keystone Peffoat i te D i s t r i c t , Custer and Pennington Counties J . J Nor ton 

Tennessee Great Smoky ^k>untalns Nst iona] Park, Sevier and Cocke Counties i P. a. King 
Deta i led mapping o f Zinc deposits in East Tennessee A. L Brokaw 

Texas Areas i n Hudspeth County J F Smith 
O i l snd Gas Inves t i ga t i ons , North cen t ra l Texas D H Eargle 
Scurry O i l F i e l d H E Rothrock 

Utah Blue Mountains, San Juan County J D Sears 
LaSal Mountains, San Juan County C B Hunt 
Northern Bonnevil le Basin, Cache, Box Elder, and Weber Counties J Stewart W i l l i 
Southern h s l f Utah Val ley , Utah County H J B i s s e l l 
Marysvele A l u n i t e D i s t r i c t E Callaghan 

t East T i n t i c Mining D i s t r i c t , Juab County T S Lovering 
I ron Springs D i s t r i c t , I ron County J . H Mackin 
Bear River Phosphste D i s t r i c t , Rich County R W Svanson 
A l t a Quadrangle, Sa l t Lake, Wasstch, and Uintah County M D Cri t tenden 
Strawberry Quadrangle A A Baker 
Woodside ^ a d r a n g l e . Carbon and Emery Counties V H Johnson 
Uinta Baain O i l Shale Region, White River Area, Uintah County W B Caahion 

Vermont Vermont Talc W M Cady 
V i r g i n i a Hamm^ Tungsten D i s t r i c t J M Parker,3d 

F a i r f a x Quadrangle, F a i r f a x and Loudoun Counties c M i l t o n 
Waahington Port land I n d u s t r i a l Area, Clark County D E Trimble 

Landslide Studies, F rank l in D Roosevelt Lake F 0. Jones 
Lower Snake River Canyon, F r a n k l i n , Walla Walla, Columbia, Whitman, and 

G a r f i e l d Counties H H Waldron 
Qiewelah Magnesite D i s t r i c t , Stevens County Ian Campbell 
Nor thpor t D i s t r i c t , Stevens County C D Campbell 
Cen t ra l i a -Qieha l i a coal d i s t r i c t , Lewis and Ihurs ton Counties P D Sbavely, J l 
Pysht, Lake Crescent, Por t Crescent and Por t Angeles Quadrangle, C l a l l a n County P D Siavely , J l 
Toledo-Castle Rock Coal D i s t r i c t , Cowli tz County A E Roberts 

Wisconsin Lead-Zinc Deposits i n Grant, Lafaye t te , and Iowa Counties A l l e n A^ew 
Wyoming Cokevi l l e Ares, L inco ln and Sublet te County W. W. Rubey 

Bentonite Deposits o f the Y e l l o w t a i l D i s t r i c t , Sheridan County H. M Knechtel 
I r o n deposits i n Laramie Range, Albany County W. H. Newhouae 
Bear River Phosphate Deposits, L inco ln snd Uinta Counties R W. Swanson 
Jackson Hole Ares, Teton County J D. Love 
Spotted Horse. Coal F i e l d , Sheridan and Campbell Countiea W. W. Ol ive 
Wind River Basin R M Thompson 
Badwater Area, FVemont, Natrona, and Hot Springs Counties H. A. Tou r t e lo t 
Clark Fork Area, Park County W G Pierce 
Lake De & i e t Area, Johnson County W. J . Mapel, J r 
B u l l C^eek Area, Johnaon County R K. Hose 



TABLE 2 

CURRENT INVESTIGATIONS INVOLVING GEOLOGIC MAPPING WATER RESOURCES DIVISION, GROUND WATER BRANCH 

Arkansas 

C a l i f o r n i a 

Ima, Cochise and Graham Cos 

STATE PROJECT 
Alabama Bal ih i in , Madison, Mobi le , Monroe, Wilcox Counties 

Mapping Scale 1 31680 
Publ i sh ing Scale 1125,000 

Arixona Alamo Crossing Area - Yuma County 
Papago Ind ian Reservation, P ina l County 
Papago Indian ReserTation, Pima County 
Lower San Pedro Val ley Pinal County and par ts o f Pii 
San CarlAs Indian ReserTation Graham County 
Navajo County I r r i g a t i o n D i a t r i c t 
Doney and Black B i l l Parks Area, Coconino County 

Mapping Scale 1:30,000 
Pub l i sh ing Scale 1-62,500 

Navajo Country - Coconut-Navajo-Apache Counties 
Mapping Scale 1.31680 
Publ i sh ing Scale 1:125.000 

Reconnaissance o f L i t t l e River County and par ts o f Sevier, Howard, Pike, Clark 
Hot Sjf>rings, Ouachlto Nevada, Hempstead and M i l l e r Counties 
Scale 1 inch •= 3 miles 

Antelope Val ley - Kern and Los Angeles Counties 
• ' Camp Pendleton - San Diego County 

Scale 1 24000 
' San Bemadino and Oi ino Basins, San Bernadino County 

Scale 1-31680 
Napa Val ley - Napa County 
Sonoma Val ley - Sonoma County 

'Santa Rosa and Petaluma Val leys 
Mapp mg Scale 1 31680 
Publ i sh ing Scale 1 62,500 

F o o t h i l l and v a l l e y - f l o w area o f Solano and southern Yolo Counties 
Mapping Scale I 24000 

Colorado Eastern Huerfano County 

Mapping Scale 3 inches = 1 mi le 
Pub l i sh ing Scale 1 inch <= 1 mi le 

South P l a t t e Basin- Republican R Baain- no scale 
Connecticut H a r t f o r d , Holland and Middlesex Counties 
F lo r ida Highlands and Indian River Counties Everglades and Southeastern Cosst areas 

Some parta o f C o l l i e r , Glades, and Hendry Counties 
Manatee County 

Par t o f Hi l l sborough County 
Georgia Coastal P l a i n area (Subsurface) 

1 inch = 10 miles 
Sumner, Dooly, Pu la sk i , Lee, Cr i sp , and Wilcox Countiea 

X inch = 1 mi le 
Hawaii I s l and o f Kauai 

Scale 1 62500 
Idaho Parta o f J e f f e r s o n , BooneviUe, Bmgham. Butte Counties (Lost and L i t t l e 

Lost River srea) 
Scale 1 12000 

Indiana Tippecanoe, V e r m i l l i o n , Parke, Montgomery, Putman, Vigo, 
Green, Adams, Wayne, Fayette, I h i o n , F rank l in , Ripley, 
Switzer land, Dearborn Counties 
Scale •> 

Iowa Marshall County - (subsurface) Webster and Cerro Gordo Counties (Surface 
and subsurfsce) Revision o f bedrock contour msp f o r the e n t i r e State 

Kansas Rawlins, Decatur, Marsha l l , P r a t t and Kingman Cx>unties, Par ts o f Wallace, 
Logan, Core, Saline and McPherson Counties 
Mspping Scale 1 inch - 1 mi le 
Pub l i sh ing Scsle X inch - 1 mi le 

Osage County 
Mapping Scale 2S inches ^ I mi le 

PROJECT CHIEF 

P E LaMoreaux 

S F Turner 

Clay, Owen, S u l l i v a n , 
Ohio, J e f f e r son , 

Roger C Baker 

Arthur A Garre t t 

Joseph E Upson 

S W Lohman 

R V Cushman 
M D Hoy 

H. H Cooper 

S M Herr ick 

- Qiase 

Dan A Davis 

R L Nace 

Gordon E Davis 

H Garland 
- Hershey 
V C. Fishel 



TABLE 2 ( c o n t i n u e d ) 

CURRENT INVESTIGATIONS INVOLVING QEQUOGIC MAPPING WATER RESOURCES DIVISION, GROUND WATER BRANCH 

STATE PROJECT 

Pub l i sh ing Scale H inch = 1 mile 
Kentucky Kenton end Campbell Countiea 

Mapping Scale 1 16000 
1-12000 

Johnson, Floyd, A l l e n , Q i r i s t i a n and Henderson Cbunties 
Mspping Scale 1 16000 

Ba l l a rd , McOacken, C a r l i s l e , Hickman, Graves, Ful ton, Marshall and 
Callaway Countiea 
Published map 1 inch ^ 2 miles 

Maryland Charles, St Marys ' , Ca lver t , Prince Georges, Anne Arundel, par t s o f Howard, 
Balt imore and Harford ( a l l coastal p l a i n s ) 

Michigan Snail areas i n Gogebxc, Houghton, I ron and Marquette Counties 
Scale Ui inches = 1 mi le 

Bay, Midland, G r a t i o t , Saginaw, ( « n e s s e e and Oakland Counties, 
Parts o f Shiawassee and Tuscola Countiea 
Scale 1 inch *= 6 miles 

Minnesota Pennington County 
No scale given 

Montana Lower Marios Val ley , Montana 
Pumping area (Missouri R ) 

Scale 4 inches ° 1 mi le 
Helens, Townsend, and G a l l a t i n Val leys 

Scale 1 inch = 4000 f ee t 
D i l l o n Va l l ey , Crow Agency area, Yellowstone Val ley (Miles C i t y to Sidney) 

Scale 1 inch ^ 1 mi le 
B u f f a l o Rapids (Yellowstone R ) 

Scale 1 inch = 400 f ee t 
Nebraska Valentine Lakes Refuge and Ainsworth u n i t , Niobrara R basin 

P r a i r i e Oeek u n i t , lower P l a t t e R basin 
Loup-Platte d iv ide area, lower P l a t t e R. basin 
North P l a t t e I r r i g a t i o n P ro j ec t ( M o r r i l l Co.) 

New Jersey Newark area - no scale 
Subsurface o f Coastal P la ins 

Scale 1 inch = 8 miles 
Bedrock contours - Greater Phi ladelphia and par t s o f Bur l i ng ton , Camden, 

and (aloucester Cos 
2 inches = 1 mile 

Salem Co , Subsurface 1 inch = 1 mi le 
New Mexico Santa Fe County 

Scale 1.63360 
Los Alamos area 

Scale 1 63,360 
Pueblo La gun a Indian Res (Velencia County) 

Scale 1-126780 
Part o f Torrance County 

Scale 1 63360 
Roswell Baain 

Scale 1 126780 
Biena Vis t a Va l l ey , Crescent Val ley , St>ring Va l l ey , D ix i e Va l l ey , Antelope 

Val ley , Smith Val ley , Warm Springa Va l l ey , Truckee Meadows areas 
No scale ind ica ted 

Ikitchess-Putman-Bronx, Westchester-Nassau Counties 
Mapping Scale 1 62S00 

Nevada 

New York 

North Carol ina 

North Dakota 

Pub l i sh ing Scale 1 12SO00 
Catawba, D r e d e l l , Davie, Rowan, 

Scale 1 inch = 2 mllea 
Mylo and (Sronna Quadrangles 

Msppings Scale 3 inches ~ 
Devi l s Lake I r r i g a t i o n P ro j ec t 
Fsirraont area - Streeter area 

Davidson Counties 
( t o be completed by June 19S1) 

1 mile 

PROJECT CHIEF 

M I Rorabaugh 

R R Bennett 
W T Stuar t 

John G F e r n s 

R Schneider 

F. A. Swenson 

H A Waite 

H C Barkadale 

C S Conover 

T W Robinson 

M L baahears 

H. E LeGrande 

P. D Akin 



TABLE 2 ( c o n t i n u e d ) 

CURRENT INVESTIGATIONS INVOLVING (lOLOGIC MAPPING WATCR RESOURCES DIVISION, CKOUND WATCH BRANCH 

STATC 

North Dakota 

Ohio 
Oklahoi 

PROJECT 

Scales 3 i n ° 1 mi l e , 1 i n = 1 mi le 
Fo r t Ber thold Ind ian Reservation, Wells and Foster Counties 

Ssrgent County 
Scsle 1 inch = 1 mile 

Qiaiqiaign, Madison, F rank l in , Pickaway, Cuyahoga, Portage, Ross, Columbiana Cos 
Caddo, Oioctaw, Beaver, Beckham Counties 

Mapping Scale 3.2 i n = 1 mi le 
Pub l i sh ing Scale 1 i n = 1 mi le 

McCurtein County 

Mapping Scales from 2 6 inches per mi le to 3 2 inches per mi le 
Lake County end Walla Walla area 

Scale 1 125,000 
Yonna - Swan Lake Val leys , Rouge River Va l l ey , Tua la t in Val ley 

Scale 1 62500 
South Carol ina Aiken and Barnwell Counties 

Mapping Scsle 1 inch s 1 mile 
Marlboro and C h e s t e r f i e l d Counties 

Mapping Scale 1 inch = 1 mile 
X inch = 1 mi le 

Oahe u n i t • James R Va l l ey , James River Bssin - Brown and Marshall ( xun t i e s 
M i s s i s s i p p i Basin T e r t i a r y and Oetaceous outcrop areas, also Sumner, Macon, 

Jackson, Smith, Wilson, Davidson, Will iamson, Rutherford , DeKolb, Cannon, 
Maury, Marshs l l , Bedford, Gi les , L i n c o l n , Anderson and Bradley Ciountiea 
Mapping Scales - contour msps when ava i lab le 1 & 1 

South Dakota 
Tennessee 

Texaa 

Utah 

V i r g i n i a 
Washington 

Wisconsin 

Wyoming 

2400 62500 
Otherwise - a e r i a l photographs 

Fort Bend, Galveston, H a r r i s , Waller , Bandera, Bexar, Medina, Atascosa, 
pa r t s o f Uvalde, F r io and Zavala Counties 

Tom Green County 
Scale 1 inch = 1 mile 

Also some pa r t s o f Galveston and H a r r i s (Aunt ies on 
Scale 1 inch = 1000 

Psr t o f Har r i s County 2 inch - 1 mile 
Southern Juab Val ley 
(Problematic) - M i l f o r d D i s t r i c t , Escslante Valley 

Scale 1 inch = I mile 
Coastal P l a i n Counties no r th o f James River 
Part o f King County east o f Lske Washington 
Ahtanum Valley (Yakima County) 

Scale 1 20000 
Ki t s sp snd Clark Counties 
Tocoma area (Pierce County) 
Spokane Val ley (Spokane County) 

Scale 1 62500 
Yelm and (Thurston and Pierce Counties) 

Scale 1 34600 
Brown County 

Scale 1 inch = 2 miles 
Langlade and Portage Counties 

Scale 1 inch = 1 mi le 
Goshen County - Wind River Basin 
Fremont Cxiunty 
Hesrt Mountain, Paint rock, 0 ,1 Creek, Kaycee, Hiver ton , Oowheart and 

Fremont areas 
Scale 1 inch = 1 m i le 

PROJECT CHIEF 

G A LaRocque 

E J Schaefer 
Stuar t L Schoff 

R C Newcomb 

(jeorge E Sip le 

G A LaRocque 
E M Cushing 

W L Brosdhurst 

P F Fix 

A Sinnot t 
M J Mundorff 

A H Harder 

H M Babcoch 
D A Morr is 
F A Swenson 



U.S.D.A. - DIVISION OF SOIL SURVEY 

The status of so i l mapping in the United 
States was presented i n Highway Research 
Board B u l l e t i n 22, ' E n g i n e e r i n g Use of 
Agricultural Soi l Maps." Additional areas 
mapped in 1950 were l i s t e d in Bul l e t in 28. 
Since the publ i ca t ion of t h i s b u l l e t i n , 
addit ional county, or area , a g r i c u l t u r a l 
maps have been published; a l so new s o i l 
surveys have been started or are in process 
of completion. Table 4 l i s t s the counties 
or areas in which so i l surveys are in prog­
r e s s . Those areas are l i s t e d by s t a t e s 
and where f i e l d work i s ii) progress the 
the party c h i e f and s o i l c o r r e l a t o r has 
been included for ready reference purposes. 
Hie addresses of the s o i l corre lators are 
given in Table 5 and i t i s suggested that 
these men should be consulted regarding 
addi t iona l d e t a i l s about the mapping in 
these areas. 

County s o i l maps published s ince B u l ­
l e t in 28 have been l i s ted in Table 6 so that 
Bul l e t in 22, showing the status of mapping 
in 1948, can be brought up to date. Table 
7 l i s t s a number of s o i l areas which were 
not recorded i n B u l l e t i n s 22 and 28. Hie 
f i e l d work for these areas has been com­
pleted but the preparation of the map and 
report for publication i s in some stage of 
progress. 

The committee suggests that engineers 
who may not be f a m i l i a r with the c l a s s i ­
f i cat ion system used in the preparation of 
these maps consult with the so i l correlator 
designated in Table 5 for the area in ques­
t ion . In many instances he can indicate 
which s o i l map units are l i k e l y to contain 
sources of road-building materials and also 
a s s i s t the engineer to better understand 
the county so i l maps. 

SOIL CONSERVATION SERVICE - U.S.D.A 

The status of s o i l mapping by the s o i l 
Conservation Service has been indicated in 
Bul let in 28, 'Soi l Exploration and Mapping" 
and a map was included to show the extent 
of this type of coverage i n the United 
States. 

T h i s information should be use fu l to 
engineers who are making engineering ap­
p r a i s a l s of t e r r a i n condit ions from the 
study of aer ia l photographs. Often in areas 
which are not covered with published county 
agricultural so i l maps a major part of the 
area has been mapped on an individual farm 
basis . Since these farm maps indicate the 
so i l type and s o i l ser ies they can be made 
an invaluable a id for furnish ing factual 
ground information on s o i l s thereby mini­

mizing the number of f i e l d checks requir ­
ed for estimating the engineering s i g n i f ­
icance of t e r r a i n in the interfarm areas 
from the study of aer ia l photographs. 

Hie regional s o i l s c i e n t i s t usually can 
f u r n i s h the engineer with s o i l p r o f i l e 
descript ions , s o i l keys, nomenclature and 
type of parent material associated with the 
var ious s o i l s e r i e s mapped i n the area 
under study. The regional s o i l s c i e n t i s t s 
for the various regions are l i s t ed in Table 
8. The s tate s o i l s c i e n t i s t s are l i s t e d 
in Table 9. I t i s suggested that these 
men be consulted for detai led information 
use fu l in making engineering a p p r a i s a l s 
of s p e c i f i c areas for highway purposes. 
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STATE 
Alabama 
Arizona 
Arkansaa 

C a l i f o r n i a 

Colorado 

Dr 
Dr 
Mr 

Dr 

Mr 
Connecticut Dr 

F lo r ida Dr 
(jeorgia Cap 

Idaho Mr 
I l l i n o i s Dr 

Indiana Dr. 

Iowa Dr 
Kansas Dr 

Dr 

Kentucky Mr 

Louisiana Mr 

Maine Dr 
Maryland Dr 

Michigan Mr 

Minnesota Dr 
M i s s i s s i p p i Dr 
Missour i Dr 

Nebrsska Dr 

Montana Mr 
Nevada Mr. 
New Harapahire Mr 

New Jersey Mr 

New Mexico Dr 
New York Dr 

North Carol ina Dr 

North Dakota Dr 

Ohio Mr 

Oklahoma Mr 
Oregon Mr. 

Pennsylvania Mr 

Rhode I s land Dr 

South Carol ina Dr 

TABLE 3 

TABULATION OF STATE GEOLOGISTS BY STATES 

S ta t e G e o l o g i s t and Address 

Walter B Jones, State Geologist , Geological Survey o f Alabama, U i i v e r s i t y 
T G Qiapman, D i r e c t o r , Arizona Bureau o f Mines, Un ive r s i t y o f Arizona, Tucson 
Norman F Wi l l i ams , D i r ec to r , D i v i a i o n o f Geology, Arkanaaa Resources and Development Com­
mission, State C a p i t o l , L i t t l e Rock 

Olaf P Jenkins, O i i e f , D i v i s i o n o f Mines, Department o f Natural Resources, Ferry B u i l d i n g , 

San Francisco 11 
Walter E Scot t , J r , Vice Clisiniian, Geological Survey Board, State Museum B u i l d i n g , Denver 
Edward L T r o x e l l , D i r e c t o r , Connecticut ( jeological and Natural H i s to ry Survey, T r i n i t y 
College, H a r t f o r d 6 
Herman Gunter, D i r e c t o r , F lo r ida Geological Survey, P 0 Drawer 631, Tallahassee 
I. Garland Peyton, D i r ec to r , Department o f Mines, Min ing and Geology, State D i v i s i o n o f 
Conservation, 425 State C a p i t o l , At lan ta 
A W Fahrenwald, D i r e c t o r , Idaho Bureau o f Mines snd Geology, Un ive r s i t y o f Idaho, Moscow 
M M Leighton, D i i e f , State Geologicsl Survey D i v i s i o n , 100 Natural Resources B u i l d i n g , 
Un ive r s i t y o f I l l i n o i s Cjmpus, Urbsns 
Qis r l es F Delss, Oisirmsn and Stste ( j eo log is t . D i v i s i o n o f Geology, Indiana Diepartaent o f 
Conservation, Indiana I ' m t e r a i t y , Bloomington 
H ( s r l a n d Hershey, D i rec to r and State Geologiat , Iowa Geological Survey, Iowa C i t y 
John C Frye, Executive D i rec to r , State Geological Survey, The U n i v e r s i t y o f Kansas, Lawrence 
Raymond C Moore, State Geologist and D i r e c t o r o f Research, State ( x o l o g i c a l Survey, The 
Unive ra i ty o f Kanaas, Lawrence 
Daniel J Jones, State Geologist , Depsrtaient o f Geology, Kentucky Geological Survey, Uni ­
v e r s i t y o f Kentucky, Lexington 
Leo W Hough, Stste Geologist , Louisiana Geological Survey, Department o f Conservation, 
(xology B u i l d i n g , Univera i ty S ta t ion , Baton Rouge 3 
Joaeph M Trefethen, State Geologist , Maine Geological Survey, Univera i ty o f Maine, Orono 
Joseph T Singewald, Jr , D i r ec to r , Department o f (jeology, Minea and Water Resources, Board 
o f Natural Resources, Baltimore 18 

F G Pardee, State Geologist , Geological Survey D i v i s i o n , Depsrtjnent o f Natural Resources, 

Lanaing 13 
G M Schwartz, D i r e c t o r , Minneaota Geological Survey, Un ive r s i t y o f Minnesota, Minneapolis 14 
W C Morse, D i r e c t o r , M i s s i s s i p p i Geological Survey, Un ive r s i t y 
Edward L Clark , State Geologist , D i v i s i o n o f ( jeo logics l Survey and Water Reaources, Depart­
ment o f Business and Admin i s t r a t ion , Buehler B u i l d i n g , Ro l l s 

G E Condra, State Geologist , Conservstion and Survey D i v i s i o n , The Un ive r s i t y o f Nebrsska, 

L inco ln 8 
A E Adami, Ac t ing D i rec to r , State Bureau o f Mines snd O o l o g y , Butte 
Vernon E Scheid, D i r e c t o r , Bureau o f Mines, Reno 
T R Meyers, ( j eo log i s t . New Hampahire State Planning and Development Coraiassion, Consnt H a l l , 
L*niver8ity o f New Hampshire, Ikirham 
Meredith E Johnson, State Geologiat , Geologic and Topographic Survey, Department o f Conaerva-
t i o n and Economic Development, Room 415 State House Annex, Trenton 7 
Eugene Callaghan, D i r e c t o r , New Mexico Bureau o f Minea and Mineral Resources, Socorro 
John G Broughton, State Geologist , State Geological and Natural Hia to ry Surveys, State 
Education B u i l d i n g , Un ive r s i t y o f the State o f New York, Albany 1 
Jasper L Stuckey, State Geologis t , D i v i s i o n o f Mineral Reaources, Department o f Conservation 
and Development, Raleigh 

Wilson M L a i r d , State Geologist , North Dakota ( c o l o g i c a l Survey, Un ive r s i t y o f North Dakota, 

Grand Forks 
John H Melvin , State Geologist , Geological Survey o f Ohio, Orton H a l l , Ohio State Un ive r s i t y , 
Columbus 10 
Robert H Dot t , D i r e c t o r , Oklahoma ( x o l o g i c a l Survey, Norman 
F W. Libbey, D i r e c t o r , State Department o f Geology and Mineral Indua t r i ea , 702 Woodlark 
B u i l d i n g , Port land 5 
S H. Cathcart , D i r e c t o r , Bureau o f Topographic and (jeologic Survey, Department o f I n t e r n a l 
A f f a i r s , Har r l sburg 
Alonzo W Quinn, Qiairman, Mineral Resources Committee, Rhode I s land Por t and I n d u s t r i a l 
Development (Commission, Providence 3 

Lawrence L Smith, State Geologis t , Department o f (jeology. Mineralogy and Geography, U i i v e r s i t y 

o f South Carol ina , Columbia 
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TABLE 3 ( c o n t i n u e d ) 

TABULATION OF STATE GEOLOGISTS BY STATES 

STATE S t a t e ( j e o l o g i s t and Address 

South Dakota Dr E P Bothrock, State Geologiat, State Geological Survey, State U n i v e r s i t y , Lock Drawer 351, 
Vermil ion 

Tennessee Mr H W Ferguson, State Geologist , D i v i s i o n o f Geology, Department o f Conservation, State 
O f f i c e Bki i ld ing, Nashvi l le 3 

Texas Dr John T Lonsdale, D i r ec to r , Bureau o f Economic Geology, Tho Un ive r s i t y o f Texas, U n i v e r s i t y 
S t a t i on , Box B, Aust in 12 

Utah Mr Arthur L Crawford, D i r ec to r , Utah ( jeological and Minera logica l Survey, College o f Mines and 
Minera l I n d u s t r i e s , U n i v e r s i t y o f Utah, S a l t Lake C i t y 2 

Vermont Mr d i a r i e s G D o l l , State Geologist , State o f Vermont Development Commission, East H a l l , 
Un ive r s i t y o f Vermont, Bur l ing ton 

V i r g i n i a Mr Wi l l i am M M c G i l l , State Geologist , V i r g i n i a Geological Survey, Box 1428, Un ive r s i t y S t a t i on , 
C h a r l o t t e s v i l l e 

Washington Mr Sheldon L Glover, Supervisor, D i v i s i o n o f Mines and Geology, Department o f Conservation and 
Development, Room 404, Transportat ion B u i l d i n g , Olympia 

West V i r g i n i a Dr Paul H Pr ice , State Geologist , West V i r g i n i a Geological and Economic Survey, P 0 Box 879, 
Morgan town 

Wisconsin Mr E F Bean, State Geologist , Geological and Natural H i s to ry Survey, Science H a l l , Tlie 
Un ive r s i t y o f Wisconsin, Madison 

Wyoming Dr H D Thomas, State Geologist , The Geological Survey o f Wyoming, Un ive r s i t y o f Wyoming, 
Laramie 
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TABLE 4 

SOIL SURVEYS I N PROGRESS I N PRESENT FISCAL YEAR (1951) OR FIELD 
WORK COMPLETED SINCE BULLETIN 28 WAS ISSUED 

S t a t e 

Alabama 

C a l i f o r n i a 

Colorado 
Connecticut 
F lo r ida 

County or S o i l Area 
1 

P a r t y C h i e f S o i l C o r r e l a t o r 

Idaho 
I l l i n o i a 

Indiana 
Io«a 

Kanaaa 

Louisiana 

Michigan 

Minnesota 

M i s s i s s i p p i 

Missour i 

DeKalb County 
Marshall County^ 
Eastern Fresno 

Montana 

Nebraska 

New Hampshire 
New York 

»1 ,3 

Eastern S tan i s laus ' 
Glenn County^ 
Madera County^ 
Merced County^ 
Delta-Montrose Area^ 
H a r t f o r d County' 
Escambia County' 

Central and Southern Flood Control D i s t r i c t 
(Kissimmee and Upper St Johns Val leys , a l l 
o f Osceola and Indian River Counties and par ta 
o f Highland, Okeechobee, St Lucie , Polk Brevard, 
Orange, Volusia and Seminole Counties) 
Sarasota County 

Canyon County' 
Lawrence County' 
W i l l County' 
Fayette County' 
J e f fe r son County' 
Monona County ' 
Polk County ' 
Brown County' 
Kaw D i v i s i o n , Kansas 
River V a l l e y ' , 
Republic County 
( A l l o f Scandia U n i t ) 
St Mary P a r i s h ' 

Arenac County 1,3 

Gogebic County 2,3 

Keweenan County 
Mackinac County 
Sanilac County 
I s a n t i County 
Mower County^ 
Bo l iva r County' 

SeSoto County' 
Sunflower County 

..2 

1,3 
2,3 

„1 
Boone ( i u n t y ' 
Moniteau County' 
B l t t e r r o o t Val ley Area ' 
Roosevelt County (Part o f Missour i -Sour is 
I r r i g a t i o n P r o j e c t ) ' Yellowstone County' 
B u f f a l o County (pa r t o f ) 
( p a r t o f Wood River I r r i g a t i o n P r o j e c t ) ' 
Gage County' 
H a l l County 

(Par t o f Wood River I r r i g a t i o n P r o j e c t ) ' 
Saunders County' 
Rockingham County^ 
Frank 1 in County' 

Lewis ( ^ u n t y ' 

G A Swenson M J Edwards 

G A Swenson M J Edwards 

G L c 
Huntington 

R A (jardner 

R J . Ark l ey^ R A (Gardner 

E L. Begg^ R A Gardner 

A. E. Shearin W H Lyford*" 

J H Walker^ I L Mar t in 
A H Hasty 

R G. Leighty** I L Mar t in 

R W Wildermuth I L Mar t in 
A H Hasty 

M S Fosberg^ W J Lel'ghty 

J . B Fehrenbacher^ W D Shrader 

P T Veale® W D Shrader 
S D. Alfred** 0 C. Rogers 

Geo M Schafer w. D. Shrader 

Everet t Whlte^ w D Slirader 

J E McClelland^ w D Shrader 
0 W B i d w e l l ^ w M Johnson 

C H Atkinson^ w M Johnson 

C H Atkinson^ w. M. Johnson 

S A Lytle*" I . L Mar t in 
A H Hasty 

h ( jo lburn^ I J N>gard 

VtD 1 Colburn^ I J Nygard 

I F Schneider^ 0 C Rogers 
R S. Farnham'* I J Nygard 

G E 
c 

Rogers I L Mar t in 
A H Hasty 

E J McNut t^ I L Mar t in 

J C Powell^ I L Mar t in 
A H Hasty 

J A F r i e i e ^ I L Mar t in 

W C. Bourne^ B H W i l l i a n a 
A J CI me B H Wil l iams 
W C Bourne'* B H Wil l iams 

John A Flder*" B 11 Wil l iams 
T E Beesley B H Wil l iams 

D A Yost B II Wil l iams 

T E Beesley B H VW11 lams Beesley 
W II Lyford*" 

F J C a r l i s l e ' ' W H Lyfo rd 

M G CI ine 
C S Pearson^ M G Cl ine 
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Sta t e 

North Carol ina 
North Dakota 

Ohio 
Oklahoma 
Oregon 

Pennsylvania 
South Dakota 

Tennessee 

Texas 

Utah 

V i r g i n i a 

Washington 

Wisconsin 

Wyoming 

TABLE 4 ( c o n t i n u e d ) 

SOIL SURVEYS IN PROGRESS I N PRESENT FISCAL YEAR (1951) OR FIELD 

WORK COMPLETED SINCE BULLETIN 28 WAS ISSUED 

County or S o i l Area 
1 Dupl in (bounty 

Lake Souns area (McHenry and Bott ineau 
Coun t i e s ) ' 

Renvi l l e Cx>unty (Par t o f Missoun-Sour is p r o j e c t ) 
F a i r f i e l d County' 
Pawnee Ciiunty ' 
Douglas County^ 
P n n e v i l l e Area ' 
Pot ter County' 
Brookings County' 
Hand County (Par t o f Missoun-Oahe P r o j e c t ) ' 
Spink County (Part o f Missouri-Oahe P r o j e c t ) ' 
Blount County' 
Bradley ( j l un ty^ 
Frank l in County^ 
Lawrence ( i j u n t y ' 
Maury County' 
Bratos County^ 
Lynn O i u n t y ' 
Beryl - Enterpr ise a rea ' 
(Par t o f I ron &>unty) Weber area (par ts o f 
Weber, Davis, Morgan, Summit, and Boxelder 
Coun t i e s ) ' 
Loudoun &>unty 
N o r f o l k County' 

Nottoway C ^ n t y 

„2 Mason County 
Skagit County^ 
Walla Wall 
Dodge County 
Grant Ciunty^ 
Goshen Oaunty 

County 

P a r t y C h i e f S o i l C o r r e l a 

E F (^ Ids ton^ A H Hasty 

B L Matiek C A. Mo gen 
4 C A Mo gen 
J . H. Petro** 0 C Rogers 
H M. Galloway'' H Oakes 

Geo K Smith W J Leighty 
K. V (joodman W H Lyfo rd 
A. H Kl inge lhoe t s ' ' C A Mo gen 
A J Kl inge lhoe t s ' ' c A Mo gen 
F C Westin^ c A Mogen 
Joe A Elder^ M J Edwards 

J . R Overton^ M J Edwards 
A B Harmon^ M J Edwards 

I . C Mowery E H. Tempiin 
R U l r i c h W G Harper 

V K Hugie W G Harper 

E H. Henry^ W S Ugon 
M J Edwards 

C S (joleman W S Ligon 
M J Edwards 

A 0 Ness W J Leighty 
G. B U e ' ' I J Nygard 

C J Fox W M Johnson 
J 'Riorp 

1 S o i l survey assignments f o r summer o f 1951 
2 S o i l survey areas w i t h f i e l d work completed since B u l l e t i n 28 was issued 
3 Hiese are reconnaissance or reconnaisance-detailed surveys 
4 No personnel assigned to area i n summer 1951 
• See Table 3 for 'address o f s o i l c o r r e l a t o r 
b State and bureau 
5 State 
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TABLE 5 

SOIL CORRELATORS - DIVISION OF SOIL SURVEY 

J Kenneth A b l e i U r , Chief Soil Correlator, Bureau o f Plant Indust ry USDA 
B e l t s v i l l e , Maryland 

Northern States - Connecticut. I l l i n o i s , Indiana, Iowa, Maine, Maryland, Massachusetts, Michigan, Minnesota, 

Missour i (nor th o f Missouri R i v e r ) , M i s s i s s i p p i , New Hampshire, New Jersey, New York, Ohio, 

Pennsylvania, Rhode I s l and , Vermont, West V i r g i n i a and Wisconsin 

Guy D Smith, P r i n c i p a l S o i l Cor re la to r , Northern States, USCM Bureau o f Plant Indus t ry , B e l t s v i l l e , Msryland 
0 C Rogers, Senior So i l Cor re la to r , East Midwestern States, USDA Bureau o f P lan t Indus t ry , B e l t s v i l l e , Maryland 
Ive r J Nygard, Senior S o i l Corre la tor , Northern Lake States, Div o f S o i l s , A g r i c u l t u r a l Experiment S t a t i on , 

U n i v e r s i t y Fsrm, St Paul 1, Minnesota 
W. D Schrader, So i l Cor re la to r , West-Midwestem Ststes, Department o f So i l s , Un ive r s i t y o f Missour i , Columbia, 

Missour i 
M G C l i n e , Agent ( c o r r e l a t i o n ) New York, Deportment o f Agronomy, Cornell U n i v e r s i t y , I thsca , New York 
W. H. L y f o r d , Agent ( c o r r e l a t i o n ) . Northeastern Ststes, Department o f Agronomy, College o f A g r i c u l t u r e , Durham, 

New Hampshire 

Southern Statet ' Alabama, ArkaBsas, H o n d a , Georgia, Kentucky, Louisiana, Missouri (south o f Missouri R i v e r ) , 
M i s s i s s i p p i , North ( ^ r o l i n a . South Carol ina , Tennessee snd V i r g i n i a 

W S Ligon, P r i n c i p a l S o i l Cor re la to r , Southern States, 508 New Sprankle B u i l d i n g , c/o TVA K n o x v i l l e , Tennessee 
I . L . M a r t i n , Senior S o i l (>>rrelator, (same address ss l i s t e d above) 
M J Edwards, Senior S o i l (x>rrelator , (same address as l i s t e d sbove) 
A. H Hasty, S o i l Cor re la to r , (same addreas as l i s t e d above) 
S S Ofaenshain, Agent ( c o r r e l a t i o n ) , V i r g i n i a Department o f Agronomy, V i r g i n i a A g r i c u l t u r a l Experiment S t a t i on , 

Blscksburg, V i r g i n i a 

Great P la ins Slates - Colorado (east o f (x>ntinental D i v i d e ) , Kansas, Montana, Nebraska, North Dakota, Oklahoma, 
South Dakota, Texas and Wyoming 

James Ttiorp, P r i n c i p a l S o i l Cor re la to r , Great P la ins States, 204 Nebraska H a l l , Un ive r s i t y o f Nebraska, L inco ln 

8, Nebraska 
B H Wi l l i ams , Senior S o i l &>r re l a to r , Northern Great P l a i n States, (same address as l i s t e d sbove) 
C A. Mogen, So i l Cor r e l s to r , Northern & e a t Plaina States, (same sddress as l i s t e d above) 
W. H Johnson, So i l & > r r e l a t o r . Northern Grtat P la ins Sts tes , (same sddress as l i s t e d sbove) 
E. H. Tempi i n . Senior S o i l Cor re la to r , Southern Great P la ina States, Texss A g r i c u l t u r a l Experiment S t a t i on , 

College S t a t i on , Texas 
Harvey Oakes, S o i l Cxirrelator , Southern ( i res t Plains States, (same address aa l i s t e d above) 

Far Western States - A r i t o n a , C a l i f o r n i a , Colorado (west o f (Ont inen ta l D i v i d e ) , Idaho, Nevada, New Mexico, 
Oregon, Utah and Washington 

R C. Roberts, P r i n c i p a l So i l Cor re la to r , Far Western States, 322 Woolsey B u i l d i n g , 2168 Shattuck Avenue, 
Berkeley 4, C a l i f o r n i a 

R A. (k rdner . Senior S o i l Cor re la to r , Central Far WesUm Statea, (same addreas as l i s t e d sbove) 

TABLE 6 

SOIL SURVEYS PUBLISHED SINCX HIOIWAY 
RESEARCH BOARD BULLETIN 28 WAS ISSUED I N 19 SO 

A n i o n s Duncan Area Mich igan Newaygo County 

C ^ i l i f o r n i a S tock ton Atea Nebrasks Otoe County 
Idaho Idaho F a l l s Area New Mexico (See A r i i o n a ) Duncan Area 
I n d i a n a F r a n k l i n County Oklahoma Woods County 

Morgan &>unty 
Kentucky M a r s h a l l County Washington C l a l l a m County 
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TABLE 7 

SOIL SURVEYS NOT RECORDED IN EIIHER BULLETIN 2,2 OR BULLETIN 28 

Except where ind ica ted otherwise, these are unpublished de t a i l ed surveys w i t h r a t i n g o f 1 
completed, but the map and repor t are i n some stage o f progress, preparatory f o r p u b l i c a t i o n 

F i e l d work i s 

Arizona 
C a l i f o r n i a 

Colorado 
F lo r ida 

Idaho 
Indiana 

Iowa 
Minnesota 

Missour i 

Montana 
North Carol ina 

Ohio 
Oklahoma 
Oregon 
Pennsylvania 

South Dakota 
Tennessee 

Texas 

Utah 

V i r g i n i a 

Washington 

Wisconsin 

Wyoming 

Yavapai Area 
Coalinga Area 
Colusa County 
Imper ia l East Mesa 
Akron Area - published 
C o l l i e r County 
Manatee County 
Einnett Val ley Area 
C a r r o l l County 
Tippecanoe County 
Allamakee County 
Fa r ibau l t County 
LeSueur County 
McLeod County 
N i c o l l e t t County 
Daviess County 
Jasper County 
L iv ings ton County 
St Oiar les County 
Upper Flathead Area 
Avery County 
Graham County 
Swain County - published. 
Watauga County 
Huron County 
Logan County 

Umat i l l a Area - publiahed. 
C l i n t o n County - Reconnaissance - To be published by State 
Columbis County - Efeconnaissance - To be published by State 
Fayette County (Rat ing o f 2) 
Fulton County - Reconnaissance - Published by State 
Juniata County - Efeconnaissance - To be published by State 
Lebanon County - Efeconnaissance * To be published by State 
Northumberland and Montour Counties 
M i f f l i n County - Reconnaissance - Published by State 
Perry County - Reconnaissance - To be published by State 
Snyder County - Reconnaissance • To be published by State 
Angostura P ro j ec t 
Cocke County 
Greene County 
Johnson County 
McMinn County 
Sevier County 
Washington County 
Qierokee County 
McLennon County 
East M i l l a r d Area 
Provo-Goshen Area 
R i c h f i e l d Area 
Roosevelt-Duchesne Area 
Fluvanna County 
Mecklenburg County 
Skamania County 
l l i u r s t o n County 
Barron County 
B a y f i e l d County * Semi-detai led 
Campbell County 
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TABLE 8 

TABULATIWI OF REGIONAL SOIL SCIENTISTS EV STAIES AND REGIONS 

REGION 

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

2. Southeastern Region 
G. L. Fuller 
P. 0. Box 612, Lee and Oiurch Streets 
Spartanburg, South Carolina 

STATES WITHIN REGION 

Maine, New Hampshire, Vemont, Massachusetts, 
Connecticut, Rhode Island, New York, Pennsy­
lvania, New Jersey, Maryland, Dblaware, 
West Virginia 

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

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

Western Gulf Region 
R. M. Marshall 
(P. 0. Box 1898) 3600 McCart Street 
Fort Worth 1, Texas 

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

Texas, Oklahoma, Arkansas, Louisiana 

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

Montana, Wyoming, North Dakota, South 
Dakota, Nebraska, Kansas 

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

Arizona, New Mexico, Colorado, Utah 

Pacif ic Region 
S. W. Cosby 
209 S.W. F i f t h Street 
Portland 4, Oregon 

Washington, Oregon, Idaho, Nevada, Cal ifornia , 
Alaska, Hawaii 
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TABLE 9 
TABULATION OF SOIL CONSERVATIONIST AND SOIL SCIENTIST BY STATES 

State 

Alabama 

Arizona 

Arkansas 

C a l i f o r n i a 

Colorado 

Connecticut 

Delaware 

F lo r ida 

Qjorgia 

Idaho 

I l l i n o i s 

Indiana 

Iowa 

Kansas 

Kentucky 

Louisiana 

Maine 

Maryland 

Massachuaetts 

Michigan 

Minnesota 

M i s s i s s i p p i 

Missour i 

MonUna 

Nebraska 

Nevada 

State Conservat ionis t 

01 i n C Medlock 

A l l e n F. Kinnison 

M o l l i s R Wil l iams 

John S Barnes 

Kenneth W. aa lmere 

N Paul Tedrow 

Richard S Snyder 

Co l in D. Gunn 

J G U d d e l l 

Robert N I r v i n g 

Bruce B. Clark 

Kenneth Wei ton 

Frank H Mendell 

Fred J Sykes 

Hubbard K. Gayle 

Harold B Mar t in 

W i l l i a m B. O l i v e r 

Edward H Davis 

Ar thur B. Beaumont 

Everet t C. Sackrider 

Herbert A. Flueck 

a a r l e s B Anders 

Kenyon G. Harman 

Truman C Anderson 

Emrys G Jones 

(jeorge Hardman 

SCS State O f f i c e 

New Ext Service Annex, Ala 
Polytechnic I n s t , , Auburn 

Goodrich Bldg , 14 North 
Central Ave , Phoenix, A r i i 

Old P 0 . Bldg , 2nd and 
CenUr S ts . , L i t t l e Rock 

Post O f f i c e B u i l d i n g 
Berkeley. C a l i f 

223 S College Ave. 
Fort Co l l ms, Colo. 

Agr ic Engineering Bldg , 
Univ o f Conn , S tor rs 

66 E Main St 
Newark, Delaware 

Sai th B l d g . , 129 South 
Pleasant S t . , Ga inesv i l l e 

Old Post O f f i c e Bldg , 
Athens, Georgia 

Yates Bldg , 9 th and Main 
Sts , Boise, Idaho 

Nogle Bldg , 605 S N e i l 
S t . , Champaign, I l l i n o i s 

Lafaye t te Loan & Trust Bldg , 

4th & Main S t s . , Lafayet te 

208-212 F i f t h S t ree t 

Ames, Iowa 

Publ ic U t i l i t y Bldg , 116-K 
W. I r o n St , Sal ina, Kansas 

Dudley School B l d g . , 
Lexington, Kentucky 

Postal Annex 
Alexandria , Louisiana 

Maples H a l l , Univ o f 
Maine, Orono, Maine 

Agric Bldg , Univ o f Md , 
College Park, Md. 

Stockbridge H a l l , Mass. 
State College, Amherst, Mass. 

A g r i c u l t u r a l Bldg , Mich 
State College, East Lansing 

Federal Oiur t s Bldg , 6 th 
& Market Sts , St. Paul 

Masonic Temple Bldg , 1130 
W Cap i to l St , Jackson 

Post O f f i c e B l d g . , 6 th & 
Oier ry Sts , Columbia 

G a l l a t i n Block B u i l d i n g 
Boseman, Montana 

Rudge & Gueniel Bldg , 
13th & N Sts , U n c o l n 

M o r r i l l H a l l , Univ o f 
Nevada, Reno, Nevada 

State Soi l S c i e n t i a t 

Miles E. Stephens 

Roger D Headley 

Marvin Lawson 

Leonard R Wohleti 

E M i l t o n Payne 

G A (>iakenbush 

M. F Hershberger 

0 C Lewis 

Frank T. R i t c h i e , J r 

C. F P a r r o t t 

A A Kl ingeb i e l 

T C Bass 

Byron A Barnes 

Claude L Fly 

W W. Carpenter 

D. L . Fontenot 

J Stewart Hardesty 

M F Hershberger 

Montague Howard, J r . 

C. A Engberg 

Alex S Robertson 

D T Webb 

Harold E Grogger 

Dave R C a w l f i e l d 

Lloyd E. M i t c h e l l 

E A Naphan 

Headquartera 

U n d Use Bldg , Ala Poly­
technic I n s t , Auburn, Ala 

101 A g r i c u l t u r e Bldg , Univ. 
o f Arizona, Tucson, A r i z 

Agr Exp. Sta , Univ o f 
Arkansas, F a y e t t e v i l l e , Ark 

15 Shattuck Square, Addison 
Bldg , Berkeley, C a l i f 

202 Agronomy Bldg , Colo Agr. 
Exp Sta , For t (>>l l ins , C^lo 

N J Agr Exp Sta . , 
New Brunswick, N. J 

Md Agr Exp Sta , 
College Park, Md 

Snl th Bldg , 129 South 
Pleasant St , Ga inesv i l l e 

Old Post O f f i c e Bldg , 
Athens, Georgia 

106 M o r r i l l H a l l , Univ o f 
Idaho, Moacow, Idaho 

206 Davenport H a l l , Univ o f 

I l l i n o i s , Urbana, I l l i n o i s 

Lafayet te Loan & Trus t Bldg , 

4th & Main Sts. , Lafaye t te 

ftn 2, Landacape Arch i t ec tu re 
B l d g . , Iowa State Co l l , Ames 

A g r i c u l t u r a l Exp S ta t ion 
Manhattan, Kansas 

Dudley School Bldg , 
Lexington, Kentucky 

Postal Annex 
Alexandria , Louisiana 

Maples H a l l , Univ o f 
Maine, Orono, Maine 

Md Agr ic Exp S ta t ion , 
College Park, Md 

Agr Exp S ta t ion , Uhiv o f 
Vermont, Bu r l i ng ton , Vermont 

Michigan State College o f 
A g r i c u l t u r e , East Lansing 

Agr ic . Exp Sta , U n i v e r s i t y 
Farm, St Paul 8, Minn 

Masonic Temple Bldg , 1130 
W Capi to l S t . , Jackson 

Poat O f f i c e Bldg , 6 th & 
QieTTy Sta, , Columbia 

Montana Agr ic Exp Sta t ion 
Bozeman, Montane 

Conser & Survey Section, Univ 
o f Nebr , L i n c o l n , Nebr 

M o r r i l l H a l l , Univ o f 
Nevada, Reno, Nevada 
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TABLE 9 ( c o n t i n u s d ) 

TABULATION OF SOIL CONSERVAnCtllST AND SOIL SCIENTIST Bf STATES 

Sta te 

Nev Haoqishire 

New Jeraey 

New Me>lco 

New York 

N o r t h Caro l ine 

Nor th Dakota 

Ohio 

Oklahoeia 

Oregon 

Pennaylvania 

Rhode l a l a n d 

South Caro l ina 

Tenneasee 

South Dakota 

Tesaa 

Utah 

Venaoot 

V i r g i n i a 

Waahington 

Veat V i r g i n i a 

WiBConaio 

Wyoaung 

State Conaerva t ion ia t 

A l l a n J C o l l i n e 

Linwood L Lee 

Robert A Young 

I r v i n g B S t a f f o r d 

Ear l B. G a r r e t t 

Lyneaa G. L l o y d 

TYioaiaa C Kennard 

Harry M Chanbera 

Sanniel L Sloan 

I«an McKeeTer 

L Ruaaell A l b r i g h t 

Erneat Carnea 

Wil l ia iD M Hardy 

Roaa D Daviea 

Peul H W.laer 

Joaieh A U b b y 

Lemuel J Feet 

Sea W Bondurant 

Peal a HcOrew 

Longfe l low L Lough 

MarTin F Schweera 

Edgar A Reevea 

State S o i l S c i e n t i a t 

J Stewart Hardaaty 

SCS Sta te O f f i c e 

29 Main S t r ee t 
Durhaa. New Hanpahira 

Poet O f f i c e B I d g , 8« Bayard G A. Quakeuhiah 
St . New Brunawick, N J 

M e t r o p o l i t a n Bldg , 103.K H J Maker 
W Cent ra l Are , Albuquerque 

Sprague Block Bldg , 147- Arno ld J Baur 
I S l E State St , I thaca 

1911 Dona i to ry , State ( I SteTeua 
Col lege . Rale igh , N C 

P 0 Bldg , Broadway A 3rd Lloyd Shocamith 
Sta , Biaoarck, N Dak 

81 N 3rd S t r ee t 
Colufflbua, Ohio 

2800 S Eaateru Are 
Oklahooa C i t y , Gkla 

Benton Hotel Bldg , 

C o r T a l l i a . Oregon 

Dauphin Bldg , 203 Market 

St , Ha r r i abu rg , Pa 

Waahbom H a l l , R. I State 

Col lege , Kingaton, R. I 

Fed Land Bank Bldg , I M l 

Hanptoo St , Columbia, S C 

1123 Oiurch S t r ee t 

N a a h v i l l e , Tenneaaee 

P 0 Bldg , 410 Dakota St , 

H u r o n , South Dakota 

H H Morae 

Louie E Derr 

W i l l i a m W H i l l 

F G Loughry 

Montague Howard, J r 

P H MontgcoKry 

Nathan I Brown 

Glenn A Avery 

Jemea D Simpaon 

D F T ruaae l l 

114-118 S 3rd S t ree t 

Ten^le, Texaa 

A t l a a Bldg , 3<-S Weat 

Second South, S e l t Lake C i t y 

Bkirl iDgton SeTlnga Bank Bldg Mootapie Howard, J r 

St Paul « College St , B u r l i n g t o n 

Eheart Bldg , Main S t r ee t R E Devereux 

Blackaburg, V i r g i n i a 

Col lege S t e t i o n 

Pullman, Waahington 

Bank o f Horgantown Bldg . 
265 High St , Morgantown 

State Fern Ina Bldg , 2702 

Monroe St , Uadiaon, Via 

Roach Bldg , 201-211 b a n d 

Avenue, Laramie, Wyo 

Ray W d i a p i n 

Boyd J Pa t ton 

W i l l i a m DbYoung 

Harold Bindachadler 

Headquartera 

I k e Maplea Bldg , I b i v o f 
Maine, Orono, Maine 

New Jeraey A g r i c Eip Sta , 
New Brunawick, N J 

New Mexico Agr Eip Sta , 
State Col lege , New Hexico 

Ca ldwel l H a l l , Corne l l I b i v , 
I t haca , N Y 

1911 Dormi to ry , State 
Col lege , Ra le igh , N C. 

N Dak A g r i c Exp S t a t i o n , 
Fargo, N o r t h Dakota 

81 N 3rd S t r ee t 
ColumbuB, Ohio 

Agronomy Dept , Okie A & H 
Col lege , S t i l l w a t e r , O i l e 

Agr Exp Sta , Oregon State 
Col lege , C o r v a l l i a , Oregon 

A g r i c u l t u r e Bldg , Penne 
State Col lege , Stete Col lege , Pa 

Agr Exp Sta , I b i v o f Vt , 

B u r l i n g t o n , Vermont 

Fed Lend Bank Bldg , 1401 

Hmpton St , Columbia, S C 

1123 Oiurch S t r ee t 

N a a h v i l l e , Tenneaaee 

Agrunooy Dept , College Sta , 

Brookioga, S Dak 

Texaa Agr Exp S t a t i o n , 

College S t e t i o n , Texaa 

Utah Agr Exp S t a t i o n , 

Logan, Utah 

Agr Exp S t a t i o n , Univ o f 

Verment, B n r l m g t o o , Vermont 

Eheart B ldg , Main S t r e e t 

Blackaburg, V i r g i n i a 

Box S08, Agr Exp Sta , 

Pu l lnao , Waahington 

Agr Exp Sta , Weat Va I b i v , 

Horgantown, W Ve 

State Farm Ina Bldg , 2702 

Monroe St , Uadiaon, Wia 

Roach Bldg , 201-211 b a n d 

Avenue, Laramie, Wyo 
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HOW TO C A L C U L A T E A CALCULATED RISK 

An Engineering Appraisal of 
Limestone Landforms 

Donald J . Belcher, Professor, School of Engineering, 
Cornell University, Ithaca, New York 

Construction jobs are not often con­
sidered in terms of areas and the particu­
lar problems related to them. When a con­
struction project, such as a highway or 
airport or a dam and reservoir, extends for 
some distance, an area concept i s particu­
larly valuable as a money and time-saving 
factor. Beyond the consideration of turn­
ing in a good job, the understanding of 
what a landform i s , what i t means, and how 
i t affects a job goes a long way in saving 
unnecessary expense. 

How does i t do this' Simply by direct­
ing your efforts in an intelligent way. I f 
you know the characteristics of a landform, 
then you know when to be careful and when 
the risks are small. In other words, i t i s 
easier to judge the type and degree of 
r isk, or even better, how to calculate a 
calculated risk. TTiis i s especially true 
in subsurface exploration and in job esti­
mations for excavation. 

Landforms are land units in which the 
geology, so i l s , and topography are gen­
erally the same. Some are simple, others 
are complex; some are large and some small. 
In many places, a highway wil l cross one 
or more landforms in the course of a mile. 
Landforms are not only topographic units, 
but they are units containing definite soil 
associations (several soils that are dis­
tinctly associated and somewhat similar in 
some respects). Ihis does not say that the 
topography within a land form is identical, 
nor i s the soil exactly the same at each 
point within these unit areas. See 'The 
Engineering Significance of Landforms," 
Highway Research Board Bullet in No. 13, 
1948. With these oft-repeated conditions 
within the landform of topography, soi l 
material, and drainage come the repetition 
of conditions that affect design, construc­
tion, and maintenance of structures and 
pavements. Much of this influence i s felt 

in surface and near-surface construction 
and deals mainly with soil problems. But 
in rock problems, the landforms are equally 
useful as units in which problems wil l be 
repeated or uncertainties acknowledged. In 
this respect, i t i s as important to know 
what you do not know as to be sure of your 
knowledge. 

Hie limestone landfoimisa potent i l lus ­
tration of one of these rock landforms. 
Because i t i s so fu l l of uncertainties, 
many expensive errors have been made and a 
review i s in order . 

Because topography is an important fac­
tor in the description of landforms, they 
are c lass i f ied into two divisions. Level 
Terrain and Hilly Terrain. 

Limestone is a coninon rock. I t i s formed 
in deep and extensive deposits, and as a 
result, large areas are scattered through­
out the United States and elsewhere. Lime­
stones are also formed m thin layers along 
with shales and sandstone, but under these 
circumstances the effect of the limestone 
i s diluted by the presence of strata of 
other rocks. 

The most important distinguishing char­
acterist ic of this rock i s that of solu­
bi l i ty . Hie fact that i t dissolves quite 
readily in rainwater i s the predominant 
force in creating both the topography of 
the limestone landform and the engineering 
problems. 

Terrain - The surface of the limestone 
landform differs from all others. Usually, 
i t is gently rolling and dotted with sink­
holes or depressions as i l lu s t ra ted in 
Figure 1. TTie topography is seldom cut up 
by streams, since most of the water falling 
on the surface drains downward through the 
rock. This unusual factor makes each de­
pression more or less independent of others 
nearby, so there i s l i t t l e gullying or 



20 

Landform 

1. Al luv ium 

2. T e r r a c e s 

a . R i v e r 
b. Lake or Ocean 

3. F i l l e d V a l l e y 
(Coarse a l luv ium) 

4. C o a s t a l P l a i n 

5. C o n t i n e n t a l Al luvium 

6. G l a c i a l Outwash 

7. T i d a l F l a t s 

8. Beach L i n e s 

9. A l l u v i a l Fans 

10. D e l t a s 
11. Lakebeds 

12. T i l l P l a i n s 
13. Marsh and Swamp 
14. B a s a l t 

15. Sandstone 

LEVEL TERRAIN 

What 

Flood p l a i n s of streams and r i v e r s 
r i v e r s (Sands, s i l t s and c l a y s ) 
E l e v a t e d benches above f l o o r stage 
(coarse t e x t u r e ) 

W a t e r l a i d by p e r e n n i a l streams and 
sheet flow 
Marine sediments near coas t . (Sands 
and c l a y s ) 
Outwash from remote mountain a r e a s . 
G r a v e l l y p l a i n s i n g l a c i a t e d reg ions . 

C l a y s to sands i n pockets along the 
coas t , exposed by t i d a l changes. 
Very low sand r i d g e s along some 
c o a s t l i n e s . 
Fan-shaped depos i t s of coarse 
m a t e r i a l . 
L e v e l lowlands 
F ine s o i l s deposi ted i n lake 
bottoms. 
Undulat ing c l a y mantle over d r i f t 
Lowlands a t or near ground water table . 
Lava 

F l a t - l y i n g beds. 

Where 

Everywhere. 

Near mountains and a l l 
northern s t a t e s . 

Western s t a t e s . 

E s p e c i a l l y A t l a n t i c and 
G u l f Coast a r e a s . 
Colorado to Texas . 
North of the Ohio and 
Mis sour i R i v e r s . 
A l l c o a s t a l a r e a s . 

I n t e r m i t t e n t l y along 
c o a s t l i n e s . 
T r a n s i t i o n between steep 
and f l a t s lopes 
R i v e r mouths. 
In g l a c i a t e d areas and 
i n mountain b a s i n s . 
Midwestern s t a t e s . 
Everywhere 
Colorado, Washington 
and Oregon. 
E a s t c e n t r a l and south­
western s t a t e s . 

Landform 

1. Dunes 
2. Loess 

3. 
4. 
5. 
6. 
7. 
8. 

E s k e r s 
Kames 
Drumlins 
Moraines 
Lava 
B a s a l t 

9. Dikes 
10. C^nes 
11. T u f f 
12. Limestone 

a. H o r i z o n t a l 
b. T i l t e d 

13. Sandstone 

HILLY TERRAIN 

What 

Sand (wind-blown) 
S i l t (wind-blown) 

G l a c i a l g r a v e l s and sands in r i d g e s . 
G l a c i a l g r a v e l s and sands i n r i d g e s . 
G l a c i a l d r i f t ; c i gar - shaped r i d g e s . 
G l a c i a l d r i f t , jumbled h i l l s . 
Porous l a v a wi th flow marks. 
Viscous l a v a , forms t a b l e l a n d 

and mesas. 
Dense lava r i d g e s . 
L a r g e l y c i n d e r s and l a v a . 
V o l c a n i c ash. 
P i t t e d t e r r a i n . 
S t r a t i f i e d sedimentary rock 
Ridges 
Massive h i l l s 

Where 

Widely d i s t r i b u t e d . 
C e n t r a l s t a t e s ; Idaho 
and Washington. 
Northern s t a t e s . 
Northern s t a t e s . 
Northern S t a t e s . 
Northern s t a t e s . 
Western s t a t e s . 
Western s t a t e s . 

Western s t a t e s . 
Western s t a t e s . 

Kentucky, M i s s o u r i , 
Pennsy lvan ia 

Pennsy lvan ia and 
western s t a t e s . 
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Landform 

14. Shale 

15. Mixed Sedimentar ies 
a. H o r i z o n t a l 
b. T i l t e d 

16. ( jneiss 

17. S c h i s t 

18. S l a t e 

19. Serpent ine 

HiaY TERRAIN (cont inued) 

What 

Low rounded h i l l s . 

Contour o u t l i n e s as h i l l s i d e s 
Ridges . 

Metamorphic h i l l s . 

Metamorphic h i l l s . 

Metamorphic h i l l s . 

Small areas of s o f t rock. 

Where 

Pennsy lvan ia and 
western s t a t e s . 

Southeastern and 
western s t a t e s . 
Southeastern and 
western s t a t e s . 
Southeastern and 
western s t a t e s 
Southeastern and 
western s t a t e s . 

Stream action as in other rock landforms. 
Hie variation in limestone landforms are 

related to topographic position, (thick­
ness sequence of the various rock strata), 
to type of climate, and to stage of de­
velopment in the erosion cycle. The effect 
of these factors must be considered in the 
study of airphoto soi l patterns for the 
ident i f i ca t ion of limestone landforms. 

When limestone and associated rocks oc­
cur in relatively horizontal bedding and 
occur at or near the surface, a limestone 
plain with l i t t l e or no surface drainage 
is likely to develop. The stage of sink­
hole development will depend upon the c l i ­
mate, thickness of rock strata, and length 
of exposure of the limestone to weathering. 
Figure 1 illustrates a limestone plain in a 
humid-temperate climate. Figure 2 i l l u s ­
trates the effect of a shale strata over­
lying the limestone bed on the development 
of the landform. Where the erosion has 
removed the protecting shale layer, the 
sinkhole and associated underground drain­
age has developed; where the shale layer 
has not been removed, the underground drain­
age has not developed; and the airphoto 
soil pattern reflects the characteristics 
of the shale. Figure 3 shows the contrast 
in topography of the limestone and shale 
1 and forms. 

Sinkholes are an outstanding feature of 
limestone landforms. They may vary in size, 
depth, spacing, and elevation, as shown in 
Figure 4. \Mien sinkholes are widely spaced 
the sinkholes are deep and the limestone 
thick. Figure 1 i l l u s t r a t e s the pock­

marked appearance of limestone terrain as 
seen from the air. Tbe sinkholes will vary 
from a few feet up to several hundred yards 
in diameter. A study of them in any lime­
stone region wi l l show a few to contain 
water. Those holes containing water are the 
result of the washing of reddish clay soil 
into the sinkholes and the occasional plug­
ging of local subterranian channels. In 
the airphoto, those containing water can be 
distinguished from the dry ones by the 
distinct regular line developed where the 
water makes a contour in the depression. 
Depending upon the angle of the sun, and 
i t s ref lect ion into the aer ia l camera, 
some may appear as dark spots and others 
as light areas. 

When the limestone occurs in a tilted 
position the development of the surface 
and underground drainage usually will re­
flect the geologic structure. The typical 
sinkhole pattern of the limestone plain 
usually will be modified to the extent that 
elongated sinks and solution valleys occur 
over the limestone outcrop, as illustrated 
in Figure 5. The development of surface 
drainage will be associated with the non-
calcareous rocks. 

The type of climate past and present, 
the time the geologic and so i l forming 
processes have acted, and the age of the 
parent material are important factors to be 
considered in the identification and com­
parison of limestone landforms on a regional 
basis. In semi-arid climate the solution 
action is not as great as i s found in the 
humid-temperate climate for the same degree 
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F i g u r e 1. T h i s l i m e s t o n e p l a i n i s d o t t e d w i t h many s i n k h o l e s . The t e r r a i n i s 
g e n t l y r o l l i n g t o r o u g h , d e p e n d i n g on the number and dep th o f the s i n k s . The 
s i n k h o l e (D) i s d r y and i s connec ted t o the s u b t e r r a n e a n channe l s be low. Those 

H marked (W) are f i l l e d w i t h w a t e r t o f o r m t e m p o r a r y ponds . 

of exposure to the climatic factor. Figure 
6 i l lus trates the airphoto soil pattern 
developed on tilted limestone in semi-arid 
climate. Figure 7 i l lustrates the rugged 
topography developed under tropical climate 
where more intense weathering has resulted 
in a rather complete collapse of the sub-
terranian caverns in an advanced stage of 
the limestone-erosion cycle. Thus, in 
making appraisals of limestone areas i t is 
important to consider the influence of many 
factors; however, the development and type 
of drainage i s one of the most important 
factors for the identification of limestone 
land forms. 

Drainage - Drainage i s primarily under­
ground. Hie absence of any surface drain­
age, except large streams or rivers, i s 
another unusual feature common in the lime­
stone landform. For this reason, highways 
and railroads are committed to tunnels and 
deep cuts rather than "climbing" by follow­
ing stream valleys. When the underground-
drainage system is inadequate, surface flow 

occurs during brief periods. This inverted 
drainage may come as a flushing of sink­
holes, as at Be l l ev i l l e , Ohio, or as in 
some sections, "lost r ivers" again flow 
unti l the subsurface capacity i s again 
adequate. 

The few valleys that do exist are like 
trenches in cross-section (Fig. 8). The 
shear rock walls that form the valley sides 
are typical of portions of the Mississippi, 
Tennessee, and Kentucky rivers where they 
flow through limestone landforms. These 
vertical-sided valleys are explained as 
being remnants of underground rivers ex­
posed by the collapse of the cavern roof. 
Since this i s the process that produces 
the sinkholes, i t i s reasonable to assume 
i t to be accurate. In this way the entire 
limestone landform decays or is dissolved. 

Because of this unusual type of drainage, 
culverts, as such, and bridges are less 
important items than in most other land-
forms. However, the special treatment of 
sinkholes, whenever they are crossed, 
counteracts the saving in surface-water 
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F i g u r e 2. T h i s v iew shows many f e a t u r e s o f a t y p i c a l l i m e s t o n e a r e a . I n the 
upper p o r t i o n a v a l l e y ( w i t h o u t s t r e a m ) has been fo rmed by t h e c o m p l e t e c o l ­
l a p s e o f a c a v e r n s y s t e m . I t i s w o r t h s p e n d i n g e x t r a t i m e on t h i s complex 
example t o f o l l o w t h e p r o c e s s o f a n a l y s i s . The l o w e r p o r t i o n o f t h e p h o t o 
shows no s i n k s and a c o n s i d e r a b l e amount o f s u r f a c e d r a i n a g e . T h i s i n d i c a t e s 
an i m p e r v i o u s m a t e r i a l ( s h a l e ) r a t h e r t h a n l i m p s t o n e a t the s u r f a c e . S ince 
t h e r e i s no s i g n o f t i l t i n g o f the r o c k , the d e e p l y p i t t e d v a l l e y a t the top 
i m p l i e s t h a t the same l i m e s t o n e u n d e r l i e s the e n t i r e a r e a . T h i s i s c o n f i r m e d 
by: 1) s t e e p s i d e d " l i m e s t o n e " v a l l e y s (V) c u t t h r o u g h the s h a l e and t a k e on 
the f e a t u r e s o f the u n d e r l y i n g r o c k ; 2) s i n k s (beyond s t e r e o - c o v e r a g e ) i n f i e l d s 
a t f a r r i g h t (S) and i n c l u d e d i n the bend o f the r i v e r a t l e f t . The s h a l e 

cap w i l l e v e n t u a l l y erode away and expose the l i m e s t o n e . 

F i g u r e 3. T h i s i s a s k e t c h o f a t r a n s i ­
t i o n a l zone between l i m e s t o n e ( l o w e r ) and 
s h a l e a r e a s . As t h e l i m e s t o n e a r e a i s 
a p p r o a c h e d , t h e r e a re more s i n k h o l e s and 

f e w e r s t r e a m s and g u l l i e s . 

F i g u r e 4 . Limestone w i t h s i n k h o l e d e v e l o p ­
m e n t . The r o u g h l y c i r c u l a r d e p r e s s i o n s 
r e s u l t f r o m the s o l u t i o n o f l i m e s t o n e a l o n g 
c r a c k s and f i s s u r e s w h i c h a re e n l a r g e d by 
p e r c o l a t i n g g r o u n d w a t e r . They a r e o f t e n 
d r a i n e d by s u b t e r r a n e a n s t r eams b u t t h e s e 
are somet imes p l u g g e d and t e m p o r a r y ponds 
r e s u l t . I n t i l t e d l i m e s t o n e s , t h e s e de ­
p r e s s i o n s are i n t e r c o n n e c t e d and f o r m l o n g , 

s h a l l o w v a l l e y s a l o n g bedding p l a n e s . 



24 

1 
F i g u r e 5. T h i s i s an area o f t i l t e d l i m e s t o n e . The s t r e a k s ac ross the pho to s 
(D) a re t h e r e s u l t o f s o l u t i o n a l o n g t h e b e d d i n g p l a n e s o f t h e t i l t e d l i m e ­
s t o n e s . There a re no s i n k h o l e s he r e b u t , i n s t e a d , these e l o n g a t e d s o l u t i o n 
v a l l e y s and a marked absence o f s u r f a c e d r a i n a g e i n d i c a t e a l i m e s t o n e b e d r o c k . 

F i g u r e 6. T i l t e d l i m e s t o n e i n a s e m i - a r i d r e g i o n . Here the s o l u t i o n work had 
n o t p r o g r e s s e d enough t o connec t the s i n k h o l e s - d a r k c i r c u l a r a reas (S) - t o 
f o r m e l o n g a t e d c h a n n e l s . The d e p r e s s i o n s are a l i g n e d a l o n g the t i l t e d b e d d i n g 
p l a n e s . I n t h i s a r e a , the s i n k h o l e s are the o n l y p r o d u c t i v e l a n d , w h e r e a s , 
i n humid c l i m a t e s they are u s u a l l y the o n l y n o n - p r o d u c t i v e l a n d s . C u l t i v a t i o n 
i s p o s s i b l e i n these s i n k s because s o i l and w a t e r have a c c u m u l a t e d i n them. 
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F i g u r e 7. T h i s a rea i n P u e r t o R i c o i s t y p i c a l o f t r o p i c a l l i m e s t o n e . These 
pho to s show the s t e e p - s i d e d h i l l s , the £1 a t - b o t t o m e d , v e r t i c a l - w a l 1 e d v a l l e y s , 
and i n p a r t i c u l a r , s e v e r a l l e v e l s o f e r o s i o n w h i c h i n d i c a t e the v a r i a b l e r e ­
s i s t a n c e o f l i m e s t o n e beds. The u n i f o r m tone t h r o u g h o u t the a rea i s the r e ­
s u l t o f v e g e t a t i v e c o v e r . A dense g r o w t h o f sugar cane cove r s the l e v e l l a n d . 

culverts. The small number of bridges re­
quired is also offset by the fact that the 
few bridges needed are large and expensive. 
For this reason, some sections of Kentucky 
have remained virtually cut off from modem 
motor traffic. 

The underground, and therefore unseen, 
drainage system is the basis of most of the 
engineering problems in these limestone 
regions. Leakage around and under dams 
follows these subterranean-stream courses 
and solution crevices (Fig. 8). The in­
tricacy of these channels and crevices 
introduces one of the greatest uncertain­
ties in subsurface work. Also, they pro­
mote the quick reaction of ground-water 
flow to rainfall and eliminate the valuable 
f i l t er ing capacity associated with most 
landforms. Thus, ground-water in these 
areas i s often polluted and the source of 
pollutionis difficult to detect. 

FNGINEHRING PfCHiMS IN LIMESTCNE LANDPCBB 

though fine textures, the soi l i s well 
drained because the porous limestone be­
neath permits the water to f i l t er through 
the soil without "backing up" and saturat­
ing the clay. For the same reason, the 
so i l i s unusually pervious. I t i s not 
tight, as most clays are. I t absorbs the 
water quickly with l i t t l e runoff because 
of the highly developed soi l structure. 
This structure can he seen by examining 
cut faces and breaking out the X to in. 
soil aggregates that form as cubes. The 
cubes f i t loosely together so that between 
them there is ample space for water to per­
colate through the soil column. The red 
color of the soil profile shows that air 
circulates freely and oxidation has been 
thoroughly carried out. When engineering 
projects are carried out using this so i l , 
the working and compacting destroys these 
natural drainage channels and the reworked 
soil i s converted to a typical impervious 
plastic clay. 

The Soil - Limestone s o i l s range from Beneath the soil mantle, which ranges 
s i l t y c lays to fat c lays and vary in from 2 to 30 ft. in depth, lies the bedrock 
color from yellow to deep red. In a few surface. Ordinarily, there i s some corre-
places they are known to he black, but lation between surface and bedrock con-
this i s rare in the United States. Al - formation. But in limestone, as in some 
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F i g u r e 8, The c r e v i c e shown above i s t y p i ­
c a l o f the e n l a r g e m e n t o f j o i n t s i n l i m e ­
s tone . S o l u t i o n work i s a c t i v e a l o n g these 
j o i n t s ; t h e y a r e e n l a r g e d and become, i n 
t i m e , t h e b a s i s f o r the a n g u l a r d r a i n a g e 
sys tem f o u n d i n l i m e s t o n e a r ea s . I n m i n i ­
a t u r e , the f e a t u r e s shown are those o f many 

v a l l e y s i n l i m e s t o n e . 

granites, the depth to rock i s extremely 
variable. Unlike other residual so i l s , 
the transition from the clay soil to rock 
is abrupt. The most important character­
i s t i c of all is the highly irregular rock 
surface (Figs. 9, 10, 11) which in a few 
feet horizontally, wi l l vary as much as 
25 ft . below the surface. These irregu­
larities make the results of borings highly 
unreliable and estimates of earth-rock 
quantities undependable. These are the 
relatively minor irregularities and do not 
include the deep fissures and caves that 
represent another class of problems for 
engineers. 

The Bedrock - Below the irregular surface 
the bedrock i s interlaced with various 
solution features. These caves, cavities. 

f i ssures , and underground channels are 
constantly enlarged by the action of ground­
water. These form along the horizontal 
bedding planes in the rock and in the ver­
tical cracks that were in i t ia l ly shrinkage 
and settlement cracks resulting from the 
drying of the limestone. Figure 8 shows 
the enlargement of one of these and i l lus ­
trates the development of small streams on 
the surface of this landform. As the under­
ground streams enlarge, the roof continues 
to erode, and when weakened to a point of 
collapse, sinkholes form on the surface 
(Fig. 12), giving evidence of underground 
caves and streams. This erratic pervious-
ness of the rock mass (not individual rock 
fragment) has an important effect on do­
mestic water-supply problems, sewage dis­
posal, and dam and highway construction. 
Engineers and contractors building high­
ways, runways, and industrial buildings 
must use a special set of precautions, be­
cause of existing sinks and fissures and 
impending collapse. 

The grouting methods used to seal dam 
foundations are extensive and costly but 
necessary to insure against the loss of 
water. Likewise, the capping of sinkholes 
with concrete i s practiced under roadways 
to minimize settlement or eventual loss of 
a section of road. Many contractors, tak­
ing a chance on the results of a few test 

F i g u r e 9. A ground view o f weathered l i m e ­
s tone i n French Morocco shows the s u r f a c e 
c h a r a c t e r o f t h e r o c k exposed by e r o s i o n 
o f the s o i l m a n t l e . The w h i t e forms i n the 
b a c k g r o u n d are ba re o u t c r o p s o f the r o c k . 
I n the f o r e g r o u n d , the v a r i a t i o n s i n dep th 
o f t h e s o i l can be s e e n . The d o u b t f u l 
v a l u e o f random s o i l b o r i n g s and t e s t p i t s 

can be v i s u a l i z e d . 
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holes, have found i t disasterously expen­
sive but necessary to bring in air hammers 
to knock off rock pinnacles during the 
grading operation. 

With these hazards associated with lime­
stone in all areas, i t is a matter of pro­
fessional protection to make sure of the 
landform on which a project is to he con­
structed. The same features in an advanced 

F i g u r e 12 . T h i s v i e w o f a s i n k h o l e i n 
K e n t u c k y shows t h a t t h e y can be l a r g e and 
deep. O t h e r s may appear as s m a l l "punc ­
t u r e s " i n t h e g r o u n d o r as s h a l l o w d e ­
p r e s s i o n s c o n t a i n i n g t e m p o r a r y ponds . The 
topography i s u s u a l l y p l e a s a n t l y u n d u l a t i n g . 

F i g u r e 10. A c l o s e u p v i e w o f a l i m e s t o n e 
o u t c r o p i n e a s t e r n France shows i n m i n u t e 
d e t a i l t he e r r a t i c o c c u r r e n c e o f s o l u t i o n 
p i t s and r i v u l e t s on the rock s u r f a c e . The 
more or l e s s c i r c u l a r h o l e s are r e l a t i v e l y 
deep. These same f e a t u r e s , when expanded 
s e v e r a l h u n d r e d t i m e s , a r e t h e f e a t u r e s 
t h a t make e n g i n e e r i n g i n l i m e s t o n e l a n d 

f o r m an i n t e r e s t i n g e x p e r i e n c e . 
F i g u r e 13. T h i s road c u t i n the l i m e s t o n e 
l a n d f o r m ( t r o p i c a l ) i n Pue r to Rico shows by 
c r o s s s e c t i o n t h e honeycombed n a t u r e o f 
t h i s r o c k . O p p o s i t e t h e f i g u r e a c ave 

e n t r a n c e can be s e e n . 

F igu re 11 . Th i s view o f a midwes te rn l i m e ­
s tone q u a r r y shows the same i r r e g u l a r r o c k 
s u r f a c e f o u n d e l s e w h e r e . These dome-
shaped mounds are m i n i a t u r e s o f the wea th ­
e r e d l i m e s t o n e h i l l s f o u n d i n t r o p i c a l 
c o u n t r i e s . A t t h i s s i t e t h e s o i l d e p t h 
v a r i e d f r o m s i x t o t h i r t y - f i v e f e e t w i t h i n 
s h o r t d i s t a n c e s . Pho to by P r o f e s s o r F red 

S e r v i s s 

F i g u r e 14. T h i s i s a g r o u n d v i e w o f t h e 
r u g g e d l i m e s t o n e h i l l s i n t r o p i c a l P u e r t o 
R i c o ( P l a t e V ) . The h i l l s a r e f o r m e d by 
c o l l a p s e o f t h e c a v e r n s . The l o w a r e a s 
be tween are n o t a c t u a l l y v a l l e y s because 
t h e y are p o o r l y c o n n e c t e d and se ldom have 
t h e same e l e v a t i o n s as a d j a c e n t a r e a s . 
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s t a t e occur i n most t r o p i c a l countries. 
Figures 13 and 14 i l l u s t r a t e these in Puerto 
Rico. Each landform has i t s strength and 
weaknesses, and hy id e n t i f y i n g the land-
form and knowing i t s t r a i t s , a better job 
of engineering can be done. In this way, 
the r i s k can be calculated with some reas­

onable assurance of safety. 
On the good side of the record, i t i s 

certain that most limestones furnish one 
of the best and most e x t e n s i v e l y used 
aggregates. With the exception of the 
very cherty limestones, i t forms a de­
pendable and high quality material. 

E N G I N E E R I N G SIGNIFICANCE OF SAND AREAS' 
I N T E R P R E T E D FROM AIRPHOTOS 

A. Morgan Johnson, HiD, 4ssociate Professor of Civil Engineering 
Ylayne University 

The investigation summarized here was 
established as a doctoral thesis i n the i n ­
terpretation of s o i l s by the use of aerial 
photographs, the interpretation to include 
both engineering mapping and analysis of 
highway problems associated with the types 
of s o i l s c l a s s i f i e d . I t was attempted to 
interpret the complex patterns of the a i r -
photos of northwest Indiana--patterns which 
have been made ccoiplex by the large variety 
of glacial and post-glacial deposits which 
have provided the parent material for the 
developments of the s o i l s of the region. 
A l l or portions of twelve counties were 
mapped, using airphotos, in the belief that 
a good knowledge of the s o i l types of an 
area i s the basis of good highway design 
in that area. Consequently, the area was 
studied both from the standpoint of de­
veloping techniques of mapping engineering 
s o i l s from aerial photographs and from the 
standpoint of determining applications of 
the knowledge of the mapped s o i l s to prob­
lems of highway design and construction. 
Studies of pavement performance were made 
during the spring breakup and during the 
sumner season to correlate s o i l types with 
the performance of both r i g i d and flexible 
pavements. 

Before the variable of s o i l texture can 
be applied to the performance of a hi^way, 
i t i s necessary to know what the s o i l s i n ­
volved a r e — t h e i r origin, profile develop­

ment, drainage c h a r a c t e r i s t i c s , texture, 
p l a s t i c i t y , and topography. In the i n ­
terests of economy i t i s necessary to de­
velop rapid means of i d e n t i f i c a t i o n of 
s o i l types and of c h a r a c t e r i s t i c s . Until 
the recent advent of the techniques of a i r ­
photo s o i l s interpretation, no rapid method 
of s o i l s mapping had been developed. To 
the s k i l l e d interpreter, the aerial photo­
graph, combined with a knowledge of the 
general development of the area being 
studied and of some of the basic concepts 
of pedology, as well as a familiarity with 
methods of s o i l s engineering, i s a rapid 
method of obtaining knowledge of the engi­
neering c h a r a c t e r i s t i c s of the s o i l s of 
an area. 

The basic techniques of airphoto inter­
pretation of s o i l s have been described i n 
the past (1,2). They include acquaintance 
with geological developments and processes 
i n the area being studied and with pedo-
logical information as to profile develop­
ment, erosion, and vegetative cover. Study 
of broad areas i s combined with stereos­
copic examination of matching p r i n t s to 
determine the de t a i l s of the surface feat­
ures, llie elements of the airphoto pattern 
(color tones, drainage, erosion, vegeta­
tion, topography, and land use) are uaei 
to bound soil areas on the basis of origin, 
developoient, texture, topographic position, 
climate, drainage and p l a s t i c i t y . An im-
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portant factor used in airphoto mapping i s 
the concept that any given pattern will be 
changed i f other deposits are accumulated 
on top of the s o i l of that pattern. The 
amount of modification depends upon the 
amount and nature of the overburden. The 
complex pa t t e r n s of northwest Indiana 
proved to be modifications of the more 
standard patterns and could be worked out 
by a process of reasoning following careful 
observation of the elements of the patterns. 

Many states have realized that in their 
highway system they have an extensive f i e l d 
research laboratory, and large-scale per­
formance surveys have been undertaken i n 

many areas. Many of these have been re­
ported i n part and some have established 
strong correlation between s o i l types and 
pavement performance (3,4,5). "Iliere are 
many factors which may affect the perfor­
mance of a particular section of concrete 
pavement; coarse aggregate, fine aggregate, 
mix design, construction procedures, j o i n t 
design, subgrade, base, drainage, and 
others. A similar l i s t of factors can be 
developed in regard to flexible pavements. 
Consequently, i s o l a t i n g one of these fac­
tors and successfully correlating i t with 
pavement performance i s not a simple task, 
but i t has been handled with apparent suc­
cess in at least some areas. 

LAKE 

MICHIGAN 

STATE OF MICHIGAN 

OSEPH 
CALUMET 

STEUBEN 
I 

LAPORTE 
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PORTER MORAlNAi:^ LAKE 

A K E I S E C T I O N 
ARSHALC® ftJlK STARKE 
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TIPTON BENTON CARROL 
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F i g u r e 1. P h y s i o g r a p h i c D i v i s i o n s and F e d e r a l H i g h w a y s i n N o r t h w e s t I n d i a n a 
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F i g u r e 2. T y p i c a l C o u n t y E n g i n e e r i n g S o i l s Map. T h i s s o i l s map i s o f S t a r k e 
C o u n t y i n I n d i a n a i n the Ka n k a k e e b a s i n . I t i s t y p i c a l o f t h e s e v e r a l c o u n t i e s 
w h i c h h a v e t h e K a n k a k e e R i v e r f o r t h e i r n o r t h e r n b o u n d a r y . The s o i l s a r e 
l a r g e l y o f l a k e b e d d e v e l o p m e n t e x c e p t f o r a s m a l l a r e a o f o u t w a s h g r a v e l s i n 
t h e n o r t h e a s t c o r n e r and an a r e a o f s e m i - p l a s t i c d r i f t i n t h e s o u t h e a s t p o r ­
t i o n o f t h e c o u n t y . E i g h t s o i l s were mapped m t h i s c o u n t y and t h e d e t a i l i s 

r e p r e s e n t a t i v e o f t h a t w h i c h c a n be o b t a i n e d from a i r p h o t o s . 

AREA AND ME1HGD6 

Seventeen counties i n northwest Indiana 
were surveyed i n order to map the sand 
areas described i n this report. TTiey f a l l 
within the region known physiographically 
as the Northern Moraine and Lake Section, 
a region bounded on the south by the Tipton 
T i l l Plain. Three of the divisions of the 
section are involved i n the area studied, 
i l l u s t r a t e d i n Figure 1. These are the 
Calumet Lacustrine section, the Valparaiso 
Moraine section, and the Kankakee Lacus­
trine section. "Die Steuben Morainal Lake 
section borders the area studied on the 
east. The major portion of Indiana has 

been covered once or more by the glaciers 
and their heterogeneous deposits of d r i f t . 
The northern part of the state l i e s within 
the bounds of the l a s t great advance of the 
glaci e r s — L a t e Wisconsin--so that the s o i l s 
and topography of that part of the state 
are almost wholly controlled by the glacial 
deposits and some subsequent development. 
In the Valparaiso Moraine section and the 
Steuben Morainal Lake section the surface 
deposits are those of the g l a c i e r s - - t h e 
Valparaiso Moraine being the most promi­
nent terminal moraine of the Michigan lobe 
of the g l a c i e r and the deposits i n the 
Steuben area being those of the E r i e and 
Saginaw lobes. Hie r o l l i n g h i l l s of the 
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t e r m i n a l moraine are t h e predominant f e a t ­
u r e s o f t h e t o p o g r a p h y i n t h e s e a r e a s . 
A c t u a l t i l l p l a i n s are r a t h e r r a r e i n t h i s 
s e c t i o n o f I n d i a n a . I n t h e L a c u s t r i n e 
s e c t i o n s , t h e d e p o s i t s a r e those which were 
l a i d down by r u n n i n g o r impounded w a t e r s 
d u r i n g and f o l l o w i n g t h e t i m e o f t h e g l a ­
c i e r s . 

The e n t i r e r e g i o n i s so c o m p a r a t i v e l y 
young t h a t w i t h t h e p o s s i b l e e x c e p t i o n o f 
s a n d dune f o r m a t i o n t h e r e have been no 
g r e a t n a t u r a l changes i n t o p o g r a p h y s i n c e 
t h e r e s p e c t i v e d e p o s i t s were l a i d down. 
Drainage developments and e r o s i o n have been 
r e l a t i v e l y s c a n t . O t h e r s u r f a c e changes 
have been wrought by t h e e f f o r t s o f man i n 
the p a s t hundred y e a r s . Hiese are vegeta­
t i o n , c o n s t r u c t i o n o f h ighways and r a i l ­
r o a d s , and a r t i f i c i a l d r a i n a g e o f many o f 
th e swampy a r e a s . The Calumet L a c u s t r i n e 
s e c t i o n i s t h e f o r m e r l a k e b e d o f g l a c i a l 
Lake C h i c a g o — a n e x t e n s i o n o f Lake Michigan 
--and i s marked by s e v e r a l p r o m i n e n t beach 
r i d g e s , p l a s t i c and sandy l a c u s t r i n e de­
p o s i t s , swamps, and t h e more r e c e n t l y de­
v e l o p e d p r o m i n e n t dunes b o r d e r i n g Lake 
M i c h i g a n . The Kankakee L a c u s t r i n e s e c t i o n 
embraces a l a r g e a r e a l y i n g s o u t h o f t h e 
V a l p a r a i s o M o r a i n e . I t c e n t e r s about t h e 
Kankakee R i v e r w h i c h a t one t i m e c a r r i e d 
v a s t q u a n t i t i e s o f g l a c i a l w a t e r s and when 
dammed up t o the west i n I l l i n o i s , impounded 
water over a l a r g e area, g i v i n g r i s e t o t h e 
deep sand d e p o s i t s w h i c h cover much o f t h e 
b a s i n . E x t e n s i v e areas o f outwash m a t e r i a l s 
occur about t h e b o r d e r s o f t h e b a s i n and t o 
the n o r t h and e a s t . A r t i f i c i a l d r a i n a g e has 
l o w e r e d t h e w a t e r t a b l e i n m o s t o f t h e 
sandy b a s i n r e c l a i m i n g a v a s t swamp f o r 
p r o d u c t i v e p u r s u i t s and d r y i n g t h e s u r f a c e 
sands t o t h e e x t e n t t h a t many a c t i v e dunes 
have been and are b e i n g formed. 

Many prominent f e d e r a l highways from t h e 
Chicago area f a l l w i t h i n t h e area s t u d i e d 
and o t h e r i m p o r t a n t e a s t - w e s t and n o r t h -
s o u t h highways were a v a i l a b l e f o r p e r f o r ­
mance s t u d i e s as w e l l as many s t a t e h i g h ­
ways and s u r f a c e d r o a d s o f l e s s e r i m p o r ­
t a n c e . The US highways c r o s s i n g t h e a r e a 
are a l s o shown i n F i g u r e 1 and i n c l u d e US 
6, 12, 20, 24, 30, 3 1 , 33, 35, and 4 1 . 
These h e a v i l y t r a v e l e d r o a d s , t r a v e r s i n g 
many d i f f e r e n t s o i l a r e a s , made t h i s area 

F i g u r e 3. A i r p h o t o o f L a r g e F l a t A r e a s o f 
S a n d s . T h i s p a t t e r n o f f l a t - l y i n g s a n d s i n 
J a s p e r C o u n t y , I n d i a n a , h a s been m o d i f i e d 
by w i n d - s w e p t s a n d s , b o t h a c t i v e a n d s t a ­
b i l i z e d . T h e w h i t e s p o t s a r e c u r r e n t l y 
s h i f t i n g s a n d s w h e r e a s t h e p a t c h e s o f t r e e s 
mark d u n e s w h i c h h a v e become s t a b l e . The 
m a i n a r e a s h o w s t h e v e r y f l a t t o p o g r a p h y 
and u n i f o r m l i g h t - g r a y c o l o r t o n e s o f t h e 
f l a t s a n d a r e a s . T h e r e i s a l m o s t c o m p l e t e 
l a c k o f n a t u r a l s u r f a c e d r a i n a g e b u t t h e 
a r e a h a s b een d i t c h e d t o l o w e r t h e w a t e r 
t a b l e . 

a p a r t i c u l a r l y f r u i t f u l one f o r performance 
s t u d i e s . 

Mapping was c o n v e n i e n t l y done i n u n i t s 
o f c o u n t i e s . A m osaic o f t h e p r i n t s o f 
t h e c o u n t y was a s s e m b l e d on a b o a r d and 
s t u d i e d . A f t e r a p r e l i m i n a r y u n d e r s t a n d i n g 
o f t h e area and i t s s o i l s had been developed 
and a f t e r p r e l i m i n a r y a p p r o x i m a t e bound­
a r i e s had been l i g h t l y marked on t h e p r i n t s 
where i t seemed p o s s i b l e t o make an e a r l y 
p r e d i c t i o n , t h e p r i n t s were examined s t e r -
e o s c o p i c a l l y i n c o n s i d e r a b l e d e t a i l . When 
i t had been a s c e r t a i n e d w h a t b o u n d a r i e s 
c o u l d be marked w i t h s t r o n g assurance and 
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which boundaries were somewhat questionable, 
a f i e l d t r i p was planned. Fi e l d checks of 
s o i l types were made and samples taken to 
check textural composition and Atterburg 
l i m i t s . After the additional information 
of the f i e l d work was available, the mark­
ing of the boundaries was completed on the 
airphotos and the markings transferred to 
a base map of the county by means of a 
transfer table. Figure 2 i s an i l l u s t r a ­
tion of a typical county s o i l s map. 

Soils areas as marked were combined into 
broad groupings, such as are described later 
i n t h i s report, on the basis of features 
and c h a r a c t e r i s t i c s i d e n t i f i a b l e from the 
airphotos. fti the basis of previous ex­
perience in correlation of pavement perfor­
mance with s o i l types, i t was then possible 
to predict the type of highway problems to 
be encountered in the areas mapped. Spring 
breakup studies of f l e x i b l e pavements and 
condition surveys of rigid pavements served 
to substantiate these predictions. 

SOIL AREAS AND THEIR INTERPRETATICK^ 

Large Flat Areas of Sand - lliese were l a i d 
down as lakebed deposits at the time when 
the Kankakee River was dainned and perhaps 
have been reworked during lower stages of 
of the lake. Topographically, they are 
monotonously f l a t . During the time of 
Kankakee Lake, numerous beaches and islands 
were formed and modified so that many long­
standing mounds and ridges are scattered 
throughout the area. L a t e r wind action 
has further modified these h i l l s so that 
they have the appearance of and are com­
monly referred to as dunes. "Diese may oc­
cur at random i n the f l a t sand areas or in 
close groupings over large areas, in which 
l a t t e r case they were mapped separately on 
the strength of topography, position, and 
drainage. The surface deposits in the flat 
areas are f a i r l y uniform i n s i z e and tend 
toward one-size sands, although s i l t may 
occur in the topsoil. In many cases the) 
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F i g u r e 4. G r a i n S u e C u r v e s o f Dune and B e a c h S a n d s 
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F i g u r e 5. A i r p h o t o o f Sand Dune and R i d g e A r e a . T h i s s t e r e o g r a m i s v e r y r e p ­
r e s e n t a t i v e o f the s a n d dune a r e a s i n the Kankakee b a s i n . I t c o v e r s a p o r t i o n 
o f a band o f dunes two or t h r e e m i l e s wide e x t e n d i n g a c r o s s the f l a t s . I n t h e 
l o w e r l e f t c o r n e r o f t h e p i c t u r e may be s e e n the change t o t h e f l a t a r e a s o f 

s a n d s . 
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are u n d e r l a i n by c o a r s e r sands and g r a v e l s . 
They d r a i n w e l l when t h e w a t e r t a b l e i s low 
enough and a r t i f i c i a l d r a i n a g e has accomp­
l i s h e d t h i s i n most o f the area. 

These a r e a s a r e marked by r a t h e r u n i ­
form l i g h t - g r a y c o l o r tones ( F i g . 3 ) . The 
topography i s v e r y f l a t and t h e f i e l d p a t ­
t e r n i s r e c t a n g u l a r . Wind w h i p p i n g a c r o s s 
t h e s u r f a c e has p i c k e d up s a n d and de­
p o s i t e d i t i n s m a l l dunes, i n d i c a t e d by 
w h i t e s p o t s on the photo. Dunes which have 
r e a c h e d a s t a t e o f e q u i l i b r i u m and have 
r e t a i n e d t h e i r s hape f o r some t i m e a r e 
marked by n a t i v e t r e e s , u s u a l l y oaks. There 
i s an a l m o s t c o m p l e t e absence o f n a t u r a l 
s u r f a c e drainage and a t l e a s t one d i t c h may 
be found i n e v e r y square m i l e o f the area. 

F i g u r e 6. A i r p h o t o o f Sandy Outwash. The 
m a j o r p o r t i o n o f t h i s photo i s o f the sandy 
o u t w a s h a r e a i n n o r t h w e s t e r n S t . J o s e p h 
C o u n t y i n I n d i a n a . I t shows g e n t l y r o l l i n g 
t o f l a t t o p o g r a p h y and l i g h t - g r a y c o l o r 
t o n e s . I n f i l t r a t i o n b a s i n s a r e f a i n t and 
t h e r e a r e no g u l l i e s . The l e f t p o r t i o n o f 
t h e p i c t u r e b o u n d e d by t h e d a s h e d l i n e , 
s h o w s t h e c o n t r a s t o f t h e more g r a n u l a r 
p a t t e r n . F i g u r e 7 i s i l l u s t r a t i v e o f t h e 

t o p o g r a p h i c change a t t h i s boundary. 

There a r e some f a i n t i n d i c a t i o n s o f slow-
f l o w i n g w a t e r t o be seen i n t h e a r e a b u t 
t h e s e a r e p r o b a b l y due t o a f o r m e r con­
d i t i o n a t the time o f d r a i n i n g . 

I n r e g i o n s w h e r e a r t i f i c i a l d r a i n a g e 
has l o w e r e d t h e w a t e r t a b l e , t h e s e s o i l s 
g e n e r a l l y p r o v i d e e x c e l l e n t s u b g r a d e s . 
T h ere a r e many m i l e s o f e x c e l l e n t l y p e r ­
f o r m i n g f l e x i b l e and some r i g i d pavements 
on sands o f t h i s t y p e . I n g e n e r a l t h e 
t r a f f i c on these roads i s n o t heavy. Under 
heavy l o a d s , f a u l t i n g m i g h t he a p p r e c i a b l e . 
L o c a t i o n i s no problem because o f the f l a t ­
ness o f t h e a r e a and no c u t s , w i t h t h e i r 
c hanges i n p r o f i l e , need be c o n s i d e r e d . 
The area c o n t a i n s many sm a l l r e g i o n s where 
t h e t o p s o i l i s v e r y h i g h l y o r g a n i c and 
t h i s s o i l p r e s e n t s a p r o b l e m i n l o c a t i o n . 
I f t h e s e s m a l l r e g i o n s , e a s i l y i d e n t i f i e d 
on t h e a i r p h o t o s , cannot be a v o i d e d , i t i s 
d e s i r a b l e t o e x c a v a t e the o r g a n i c m a t e r i a l 
and b a c k - f i l l w i t h c l e a n sand. No o t h e r 
g r a n u l a r m a t e r i a l s are l i k e l y t o be a v a i l ­
a b l e i n the i i m i e d i a t e v i c i n i t y . 

Sand Dunes and Ridges - There are e x t e n s i v e 
areas o f t h i s s o i l t y p e l y i n g s o u t h o f t h e 
Kankakee R i v e r and a n o t h e r b r o a d b e l t o f 
dunes s u r r o u n d i n g the s o u t h and west shores 
o f Lake M i c h i g a n . T h e i r most c h a r a c t e r i s ­
t i c f e a t u r e i s t h e t o p o g r a p h i c e x p r e s s i o n 
o f s ands i n t h e d u n e s and r i d g e s . The 
dunes appear i n m o d i f i c a t i o n s o f t h e c r e s ­
c e n t shape, as l o n g r i d g e s , and o c c a s i o n ­
a l l y as mounds. An e f f o r t was made t o de­
t e r m i n e whether t h e r i d g e s m i g h t n o t be o f 
w a t e r - l a i d o r i g i n r a t h e r t h a n w i n d - b l o w n . 
Many c o m p a r a t i v e samples were t a k e n f r o m 
wind-blown t o p s o f r i d g e s and from deeper 
down where i t was e x p e c t e d t h e sands may 
h a v e been w a t e r - l a i d . The p l o t o f t h e 
g r a i n - s i z e d i s t r i b u t i o n c u r v e s ( F i g . 4 ) 
showed no s i g n i f i c a n t d i f f e r e n c e i n t h e 
g r a i n s i z e s a t t h e two l o c a t i o n s . To de­
t e r m i n e whether a d i f f e r e n c e i n g r a i n s i z e 
o f w i n d - b l o w n and w a t e r - l a i d sands m i g h t 
be e x p e c t e d , s i m i l a r samples were t a k e n 
from t h e l a r g e dunes a l o n g Lake M i c h i g a n 
and f r o m deep i n t h e beach r i d g e s o f Lake 
C h i c a g o . The d a t a were compared and i t 
was concluded t h a t t h e beach sands and t h e 
dune sands were o f e s s e n t i a l l y t h e same 
s i z e . T h i s c o n c l u s i o n i s r e a s o n a b l e be­
cause a l l t h e sands are from the same source. 
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F i g u r e 7. Ground P h o t o o f t r a n s i t i o n From Sandy Outwash to G r a v e l Outwash. 
T h i s photo, t a k e n a l o n g SR No. 2 i n E a s t e r n S t . J o s e p h County, shows the s h a r p 
c h a n g e i n t o p o g r a p h y a t t h e b o r d e r b e t w e e n the s a n d y o u t w a s h a r e a and the 
g r a v e l l y outwash marked i n F i g u r e 6. The h i l l to the l e f t r i s e s o v e r 100 f t . 
above the l e v e l o f the a d j a c e n t p l a i n - - a n e x t r e m e l o c a l change i n e l e v a t i o n 

f o r t h e s e t y p e s o f m a t e r i a l s . • 

a l t h o u g h i t m i g h t be e x p e c t e d t h a t w a t e r 
a c t i o n c o u l d wash up l a r g e r p a r t i c l e s and 
t h a t wind d e p o s i t i o n would be more s e l e c t ­
i v e . I t was a l s o n o t e d t h a t t h e r e was a 
s t r i k i n g u n i f o r m i t y i n s i z e b e tween t h e 
sands s u r r o u n d i n g Lake M i c h i g a n and t h o s e 
i n the Kankakee b a s i n . 

T h i s s o i l t y p e i s one o f t h e e a s i e s t t o 
r e c o g n i z e on the a i r p h o t o s as the shape and 
t o p o g r a p h y o f t h e dunes, t h e l i g h t c o l o r 
t o n e s , t h e b l o w o u t s , t h e absence o f g u l l y ­
i n g and s u r f a c e r u n - o f f , and t h e patches o f 
t r e e s can h a r d l y be m i s t a k e n ( F i g . 5 ) . 
A i j o t h e r s t r o n g f e a t u r e o f t h e a r e a marked 
i n t h e a i r p h o t o p a t t e r n i s the l a r g e number 
o f muck p o c k e t s found i n some p o r t i o n s o f 
t h e a r e a . The f i e l d p a t t e r n i s l i k e l y t o 
be i r r e g u l a r and d i t c h e s a r e f r e q u e n t l y 
used t o l o w e r t h e water t a b l e i n t h e muck-
f i l l e d d e p r e s s i o n s . 

L o c a t i o n o f h i g h w a y s i n t h i s a r e a i s 
l a r g e l y a p r o b l e m o f a v o i d i n g t h e muck 
p o c k e t s . C u t s a r e r e q u i r e d t h r o u g h t h e 
dunes and r i d g e s b u t t h e sands a r e deep 
and no change i n t e x t u r e i s i n v o l v e d . A 
d e f i n i t e p r o b l e m w i t h t h e s e sands i s t h e 
m a t t e r o f s t a b i l i z a t i o n . The sands a r e 
s u b j e c t t o w i n d e r o s i o n i n t h e n a t u r a l 

s t a t e , w h i c h w i l l a l s o cause some m o d i f i ­
c a t i o n o f c u t and f i l l s l o p e s . T b i s process 
i s slow, however, and the slopes are u s u a l l y 
l e f t bare on secondary roads. Rounding the 
s l o p e s , b r i n g i n g i n t o p s o i l , and d e v e l o p ­
i n g a sod cover o r p l a n t i n g s p e c i a l grasses 
a r e p r a c t i c e d on some p r i m a r y r o a d s . The 
s a n d s a r e s t a b l e when c o n f i n e d b u t a r e 
l i k e l y t o r u t i n a n a t u r a l s u r f a c e because 
o f l a c k o f b i n d e r . The same i s t r u e o f 
these sands under v e r y t h i n s u r f a c e t r e a t ­
ments. To be e n t i r e l y s a t i s f a c t o r y , t h e 
subgrade s h o u l d be s t a b i l i z e d o r t h e pave­
ment s h o u l d have some s t r u c t u r a l s t r e n g t h . 
I t has been shown t h a t b i t u m i n o u s m a t e r i a l s 
and o t h e r a d d i t i v e s may a i d i n such s t a ­
b i l i z a t i o n . Sands a l s o p r e s e n t a p r o b l e m 
i n compaction because o f t h e i r u n i f o r m s i z e . 
They a r e s u b j e c t t o v i b r a t o r y c o m p a c t i o n 
and consequently are prone t o compact under 
t h e a c t i o n o f t r a f f i c and cause s e t t l i n g 
and f a u l t i n g o f t h e pavement. I t i s t h i s 
t y p e o f a c t i o n t h a t has l e d t o f a u l t i n g on 
many r i g i d pavements p l a c e d on a 4 o r 6-
i n . i n s u l a t i n g b l a n k e t o f sand. I n some 
i n s t a n c e s t h e sands may be m e c h a n i c a l l y 
s t a b i l i z e d by b r i n g i n g i n f i n e m a t e r i a l . 
The e x c e l l e n t d r a i n a g e c h a r a c t e r i s t i c s o f 



F i g u r e 8. A i r p h o t o s o f Sands and G r a v e l s . T h e s e t h r e e p i c t u r e s i l l u s t r a t e t h e 
s a l i e n t p a t t e r n f e a t u r e s o f s a n d and g r a v e l o u t w a s h m a t e r i a l s : C u r r e n t s c a r s , 
i n f i l t r a t i o n b a s i n s , muck c h a n n e l s , r e c t a n g u l a r f i e l d p a t t e r n s , g e n t l y r o l l i n g 
t o p o g r a p h y , and few s h o r t g u l l i e s . The p i c t u r e on t h e l e f t i s o f an a r e a i n 
F u l t o n C o u n t y , j u s t e a s t o f L a k e M a n i t o u i n an o u t w a s h c h a n n e l l e a d i n g to t h e 
T i p p e c a n o e R i v e r . The c e n t e r i l l u s t r a t i o n i s o f the outwash from t h e V a l p a r a i s o 
M o r a i n e i n e a s t e r n L a p o r t e County! and the photo on the r i g h t i s o f the o u t w a s h 
p a t t e r n i n n o r t h e r n S t . J o s e p h County. A l l t h r e e p h o t o s a r e t o the same s c a l e . 

t h e sand may r e q u i r e t h a t w a t e r - p r o o f paper 
be l a i d on t h e subgrade b e f o r e c o n c r e t e i s 
p o u r e d t o h a l t t h e d r a i n i n g o f t h e w a t e r 
from the mix i n t o t h e subgrade. 

Sandy Outwash - N o r t h e r n I n d i a n a has many 
a r e a s o f sandy outwash formed d u r i n g t h e 
time o f th e L a t e Wisconsin g l a c i e r by break­
t h r o u g h s o r o v e r - f l o w s o f t h e m o r a i n e s by 
w a t e r s impounded by r a p i d m e l t i n g o f t h e 
g l a c i a l f r o n t . The s u r f a c e and topography 
i s q u i t e s i m i l a r t o t h e a r e a mapped as 
l a r g e f l a t areas o f deep sands e x c e p t t h a t 

sand dunes are much l e s s i n e v i d e n c e . The 
t e x t u r e o f t h e s u r f a c e sands does n o t f a l l 
w i t h i n such n a r r o w bands as t h a t o f t h e 
sands p r e v i o u s l y d e s c r i b e d and t h e under­
l y i n g m a t e r i a l , f r e q u e n t l y g r a v e l , may 
o c c u r a t s h a l l o w o r c o n s i d e r a b l e d e p t h s . 
The t o p o g r a p h y may be g e n t l y r o l l i n g and 
t h e r e i s l i t t l e s u r f a c e d r a i n a g e . The 
g r a n u l a r n a t u r e o f t h e s o i l and the under­
l y i n g g r a v e l i s such as t o g i v e e x c e l l e n t 
i n t e r n a l d r a i n a g e , b u t a r t i f i c i a l d r a i n a g e 
has been p r a c t i c e d t o l o w e r t h e u s u a l l y 
h i g h w a t e r t a b l e . 



There i s o f t e n marked c o n t r a s t i n t h e 
a i r p h o t o p a t t e r n b e t w e e n s o i l s o f t h i s 
g r o u p and t h e a d j a c e n t sand and g r a v e l 
areas, as seen i n F i g u r e 6. H i e t o p o g r a p h i c 
c o n t r a s t i s a l s o well-marked ( F i g . 7 ) . The 
c o l o r t o n e s o f t h e a i r p h o t o o f sandy o u t -
wash a r e q u i t e u n i f o r m gray. H i e r e are no 
g u l l i e s i n e v i d e n c e a l t h o u g h f a i n t i n f i l ­
t r a t i o n b a s i n s and c u r r e n t s c a r s may be 
seen. The f i e l d p a t t e r n i s r e c t a n g u l a r . 
The h i g h w a y p r o b l e m o f m a j o r consequence 
i n t h i s a r e a i s t h a t o f d r a i n a g e , f o r un­
l e s s t h e a r e a has been d i t c h e d t h e f r e e -
w a t e r s u r f a c e may be t o o near t h e s u r f a c e 
t o a l l o w s t a b l e suhgrade c o n d i t i o n s . F a u l t ­
i n g a l s o may occur. 

Sands and Gravels - Large areas i n n o r t h e r n 
I n d i a n a were mapped as sands and g r a v e l s 
c o n s i s t i n g l a r g e l y o f o u t w a s h d e p o s i t s 
a l o n g g l a c i a l s t r e a m s and f r o m w a t e r im­
pounded b e h i n d moraines. S o i l p r o f i l e s i n 
t h i s area u s u a l l y show 6 to-18 i n . o f sand, 
i n c l u d i n g some t o p s o i l , over a f o o t o r two 
o f g r a v e l c o n t a i n i n g v a r y i n g amounts o f 
sand, s i l t , and c l a y . Since t h e m a t e r i a l s 
were w a t e r - l a i d t h e y a r e s t r a t i f i e d , and 
l a y e r s o f sands and g r a v e l s may be encoun­
t e r e d t o an a p p r e c i a b l e d e p t h . The t o p o ­
graphy v a r i e s f r o m u n d u l a t i n g t o s t r o n g l y 
r o l l i n g . S u r f a c e d r a i n a g e i s n o t s t r o n g l y 
d e v e l o p e d as t h e d r a i n a g e i s l a r g e l y i n ­
t e r n a l . Muck c h a n n e l s may be f a i r l y 
numerous. 

The f e a t u r e o f t h e a i r p h o t o p a t t e r n i s 
the m o t t l e d and p i t t e d appearance t y p i c a l 
o f c o a r s e , g r a n u l a r m a t e r i a l s . A l t h o u g h 
t h e s u r f a c e d r a i n a g e i s s l i g h t t h e r e a r e 
s h o r t V-shaped g u l l i e s and many c u r r e n t 
s c a r s and i n f i l t r a t i o n b a s i n s . C o l o r tones 
a r e p r e d o m i n a n t l y l i g h t t o l i g h t g r a y b u t 
many d a r k muck p o c k e t s and c h a n n e l s a r e 
l i k e l y t o d e v e l o p . The f i e l d p a t t e r n i s 
u s u a l l y r e c t a n g u l a r , and o r c h a r d s are f r e ­
q u e n t l y v i s i b l e on t h e p h o t o s . The s i m i ­
l a r i t i e s among t h e p a t t e r n s f r o m w i d e l y 
s c a t t e r e d l o c a t i o n s may be observed i n t h e 
photos i n F i g u r e 8. 

These m a t e r i a l s a r e among t h e b e s t o f 
the subgrade s o i l s . They are w e l l d r a i n e d 
and s t a b l e . I n some a r e a s t h e t o p o g r a p h y 
i s s u f f i c i e n t l y r u g g e d t o c a u s e f a i r l y 
steep grades and r a t h e r deep c u t s . E x c e l l e n t 
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p e r f o r m a n c e may be e x p e c t e d i n g e n e r a l i n 
these s o i l s a l t h o u g h some f a u l t i n g may oc­
c u r a t s l a b j o i n t s u n d e r heavy t r a f f i c . 
Muck p o c k e t s s h o u l d be avoided b u t an abun­
dance o f g r a n u l a r m a t e r i a l s i s a v a i l a b l e 
f o r f i l l s and o t h e r c o n s t r u c t i o n . S l i g h t 
e vidences o f pumping have been observed i n 
c u t s i n t h i s area, b u t samples o f t h e sub-
g r a d e s o i l f r o m t h e l o c a t i o n s i n v o l v e d 
showed no m e a s u r a b l e p l a s t i c o r l i q u i d 
l i m i t s and had b u t 3 t o 15 p e r c e n t o f t h e 
t o t a l sample f i n e r t h a n the No. 200 s i e v e . 

Plastic and Semiplastic Drift - A l t h o u g h 
t h e t e r m i n a l and g r o u n d m o r a i n e s o f t h e 
W i s c o n s i n d r i f t s h e e t a r e n o t i n c l u d e d i n 

1 
F i g u r e 9. A i r p h o t o o f P l a s t i c D r i f t . T h i s 
a i r p h o t o , c o v e r i n g an a r e a j u s t s o u t h o f 
US 24 i n s o u t h e r n J a s p e r C o u n t y , I n d i a n a , 
i s r e p r e s e n t a t i v e o f t h e p a t t e r n o f l a r g e 
a r e a s o f W i s c o n s i n d r i f t t i l l p l a i n s . I t 
s h o w s a b s e n c e o f i n t e n s e e r o s i o n , a b u n ­
d a n c e o f phantom d r a i n a g e as i n d i c a t e d by 
t h e a r r o w s , g e n t l y b l e n d e d l i g h t and d a r k 
c o l o r t o n e s , a n d r e c t a n g u f i e 1 d w h i c h a r e 
f e a t u r e s u s u a l l y f o u n d i n a i r p h o t o s o f 

t h i s s o i l t y p e . 
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the "sands" d i s c u s s e d here, i t i s necessary 
t o d e s c r i b e them i n o r d e r f o r them t o be 
used as background f o r t h e a i r p h o t o i n t e r ­
p r e t a t i o n o f s h a l l o w sands on d r i f t as w e l l 
as f o r d e s c r i p t i o n o f t h e e n g i n e e r i n g 
c h a r a c t e r i s t i c s o f t h e s h a l l o w sands. Map­
ped as p l a s t i c d r i f t a r e t h e g r o u n d mo­
r a i n e s , o c c u r r i n g i n t h e a r e a , many o f t h e 
t e r m i n a l and m a r g i n a l m o r a i n e s , and areas 
o f w a t e r w o r k e d d r i f t . The P h o r i z o n o f 
these s o i l s may be a c o m b i n a t i o n o f p l a s t i c 
c l a y s and s i l t s w i t h sands w h i l e t h e p a r e n t 
m a t e r i a l i s a somewhat heterogeneous mass 
o f c l a y s , s i l t s , and peb b l e s . The s o i l i s 
r e l a t i v e l y i m p e r m e a b l e and has f l a t t o 
g e n t l y r o l l i n g t o p o g r a p h y e x c e p t i n t h e 
m o r a i n i c areas where i t i s somewhat rough­
e r . The s e m i p l a s t i c m o r a i n e s e x h i b i t 

t o p o g r a p h y somewhat l e s s r e g u l a r t h a n t h e 
p l a s t i c t i l l . I t s p r o f i l e development i s 
s i m i l a r t o t h a t o f t h e p l a s t i c d r i f t a l ­
t h o u g h t h e B and C h o r i z o n s a r e somewhat 
more g r a n u l a r . The p a r e n t m a t e r i a l con­
t a i n s s u f f i c i e n t sand and g r a v e l t o p r o v i d e 
some p e r m e a b i l i t y . 

The a i r p h o t o p a t t e r n o f p l a s t i c d r i f t 
as seen i n F i g u r e 9 e x h i b i t s an absence o f 
i n t e n s e e r o s i o n , and i n t h e n o n - m o r a i n i c 
areas d i t c h i n g has been n e c e s s a r y t o p r o ­
v i d e some d r a i n a g e . The p a t c h y l i g h t and 
dark areas, g e n t l y merging, a r e a develo p ­
ment o f t h e d r a i n a g e c o n d i t i o n s , t h e d a r k 
areas b e i n g t h e de p r e s s i o n s and the l i g h t e r 
a r e a s t h e r e l a t i v e r i s e s . T h e r e i s an 
abundance o f phantom d r a i n a g e because o f 
the i m p e r v i o u s n a t u r e o f the s u b s o i l . Rec-

P'igure 10. A i r p h o t o o f S e m i p l a s t i c D r i f t . 
T h i s p h o t o i s o f an a r e a i n s o u t h e r n F u l t o n 
C o u n t y mapped a s s e m i p l a s t i c d r i f t . By 
c o n t r a s t w i t h t he p a t t e r n o f p l a s t i c d r i f t , 
i l l u s t r a t e d i n F i g u r e 9, i t s h o w s more 
i r r e g u l a r s l o p e s , some e r o d e d s l o p e s , a more 
d e f i n i t e t r a n s i t i o n f r o m l i g h t t o d a r k 
c o l o r t o n e s , and a somewhat more d e v e l o p e d 
d r a i n a g e b u t w i t h some i n f i l t r a t i o n b a s i n s 

a s i n d i c a t e d by the a r r o w s . 

F i g u r e 11. A i r p h o t o o f G r a n u l a r D r i f t . 
R e p r e s e n t a t i v e o f t h e g r a n u l a r d r i f t o f the 
M a x i n k u c k e e M o r a i n e i n n o r t h e r n F u l t o n 
C o u n t y , t h i s p h o t o i s o f an a r e a a l o n g US 
31. I t e x h i b i t s t h e t y p i c a l f e a t u r e s o f 
t h e p a t t e r n o f t h i s t y p e o f a r e a : Abun­
d a n c e o f s t e e p s l o p e s a n d f r e s h l y e r o d e d 
s l o p e s w i t h V - s h a p e d s t r i a t e d g u l l i e s ( a ) 
T h e r e a r e muck p o c k e t s and an abu n d a n c e o f 
i n f i l t r a t i o n b a s i n s ( b ) a n d l i g h t c o l o r 

t o n e s p r e d o m i n a t e . 
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t a n g u l a r f i e l d p a t t e r n s are c h a r a c t e r i s t i c 
o f a p l a s t i c s o i l . The p a t t e r n o f t h e 
s e m i g r a n u l a r a r e a s ( F i g . 10) i s i n t e r ­
m e d i a t e between t h e p l a s t i c d r i f t as des­
c r i b e d and g r a n u l a r d r i f t . The s l o p e s are 
more i r r e g u l a r than i n p l a s t i c d r i f t ; t h e r e 
are some evidenc e s o f phantom d r a i n a g e and 
a l s o some f r e s h g u l l i e s ; the c o l o r t r a n s i ­
t i o n from l i ^ t t o d a r k i s more pronounced; 
and t h e r e may be some i n f i l t r a t i o n b a s i n s . 

The m a j o r p r o b l e m i n t h e p l a s t i c d r i f t 
a r e a i s t h a t o f c u t s i n t o t h e p l a s t i c B 
h o r i z o n and p a r e n t m a t e r i a l . Due t o t h e 
g e n t l y r o l l i n g n a t u r e o f t h e t o p o g r a p h y , 
t h e r e i s a t e n d e n c y i n d e s i g n t o c u t i n 
the r i s e s and f i l l i n t h e d e p r e s s i o n s . The 
f i l l i n t h e d e p r e s s i o n s i s a d v a n t a g e o u s 
f o r i t p r o v i d e s an e l e v a t e d grade l i n e i n 
an a r e a where d r a i n a g e i s p o o r . However, 
f u r t h e r e l e v a t i o n o f t h e grade l i n e i s de­
s i r a b l e t o a v o i d c u t s . Performance o f pave­
ments i n c u t s , p a r t i c u l a r l y where t h e grade 
c r o s s e s changes i n p r o f i l e , i s g e n e r a l l y 
r a t h e r poor. Tlie i m p e r v i o u s n a t u r e o f t h e 
s o i l makes d r a i n a g e a p r o b l e m i n t h e s e 
a r e a s . R i g i d pavements w i l l f r e q u e n t l y 
develop pumping i n these c u t s . F r o s t heaves 
a r e a l s o f r e q u e n t occurrences i n c u t sec­
t i o n s and s p r i n g breakups o f f l e x i b l e pave­
ments a r e p r e v a l e n t i n t h e c u t s e c t i o n s 
d u r i n g t h e season. I f t h e grade l i n e can­
n o t be s u f f i c i e n t l y e l e v a t e d and c u t s prove 
t o be necessary, a b l a n k e t l a y e r o f granu­
l a r m a t e r i a l i s recommended. Problems i n 
the s e m i p l a s t i c areas are n o t u n l i k e those 
j u s t d e s c r i b e d ; a l t h o u g h t h e t e x t u r e o f 
t h e s o i l s i s l e s s p l a s t i c , i t i s s t i l l 
s u f f i c i e n t l y p o o r t o cause p o o r pavement 
performance i n c u t s . Tlie rougher n a t u r e o f 
t h e t o p o g r a p h y makes e l i m i n a t i o n o f c u t s 
u n l i k e l y so t h a t t h e b l a n k e t course i n c u t s 
i s d e s i r e d i n c o n s t r u c t i o n . Drainage meas­
ures need a l s o be taken. 

GranuZar Drift - These d e p o s i t s a r e more 
l i k e l y t o have been l e f t as t e r m i n a l o r 
edge m o r a i n e s t h a n as g r o u n d m o r a i n e s . 
TTiey e x h i b i t a r o u g h e r topography t h a n t h e 
more p l a s t i c f o r ms o f d r i f t . The p a r e n t 
m a t e r i a l i s g r a n u l a r and c o n t a i n s l a r g e 
p e r c e n t a g e s o f sand and g r a v e l , as w e l l as 
some s i l t and c l a y . I t i s o f t e n c h a r a c t e r ­
i z e d as " d i r t y g r a v e l . " The c o m p a r a t i v e 
s t e e p n e s s o f t h e s l o p e s has r e t a r d e d t h e 

development o f t h e B h o r i z o n so t h a t t h i s 
h o r i z o n i s more s h a l l o w t h a n i n t h e more 
p l a s t i c d r i f t s o i l s and i t tends t o be p r e ­
d o m i n a n t l y s i l t y . 

The s t e e p n e s s o f t h e s l o p e s i s accom­
p a n i e d by r e l a t i v e l y g r e a t e r d e p r e s s i o n s 
and t h e development o f muck areas i s more 
p r e v a l e n t i n t h i s t y p e o f d r i f t . E x c e p t 
i n t h e muck a r e a s , l i g h t c o l o r t o n e s p r e ­
d o m i n a t e , b u t t h e y a r e i n t e r s p e r s e d w i t h 
many i n f i l t r a t i o n b a s i n s , i n d i c a t i n g t h e 
g r a n u l a r n a t u r e o f t h e p a r e n t m a t e r i a l . 
The s l o p e s a r e more f r e s h l y e r o d e d and 
g u l l i e s a r e n o r e numerous t h a n i n p l a s t i c 
o r s e m i p l a s t i c d r i f t s . The g u l l i e s f r e ­
q u e n t l y have a s t r i a t e d appearance and have 

F i g u r e 12. A i r p h o t o o f Sand ( 3 t o 5 f e e t 
d e e p ) A r e a . T h i s a r e a i n c e n t r a l J a s p e r 
County o c c u r s on the n o r t h e r n s l o p e s o f the 
M a r s e i l l e s M o r a i n e w h e r e t h e s a n d s o f t h e 
K a n k a k e e b a s i n h a v e been c a r r i e d up o v e r 
t h e d r i f t . I t i s m a r k e d by smooth s l o p e s 
w i t h some d u n e s w h i c h a r e u s u a l l y c o v e r e d 
by n a t i v e t r e e s . T h r e e o f t h e s e d u n e s a r e 
o u t l i n e d on t h e p h o t o . T h e r e i s l i t t l e 
e v i d e n c e o f s u r f a c e r u n o f f and t h e l i g h t 
a n d g r a y c o l o r t o n e s t a k e t h e p a t t e r n o f 

the u n d e r l y i n g d r i f t . 
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f a i r l y s t e e p s i d e s . Many o f t h e s e f e a ­
t u r e s w i l l be n o t e d i n F i g u r e 1 1 . D i t c h i n g 
i s n o t n e c e s s a r y t o s e c u r e d r a i n a g e f o r 
these s o i l s . 

The m a j o r problem o f t h i s area i s p r o b ­
a b l y t h a t o f l o c a t i o n . The t o p o g r a p h y i s 
r e l a t i v e l y r o u g h and t h e s l o p e s a r e s u f ­
f i c i e n t l y s t e e p t o i n t r o d u c e t h e need f o r 
m o d e r a t e l y deep c u t s and c o r r e s p o n d i n g l y 
h i g l ] f i l l s . Another f a c t o r i n t h e l o c a t i o n 
problem i s the occurrence o f muck pockets i n 
the area. However, t h e problem o f c u t s and 
f i l l s i s n o t a d i f f i c u l t one because o f t h e 
g r a n u l a r n a t u r e o f the s o i l s . They p r o v i d e 
e x c e l l e n t embankment m a t e r i a l and d r a i n 
w e l l , even i n c u t s . G u t t e r s o f m oderate 
d e p t h i n deep c u t s s h o u l d k e e p t h e sub-

1 
F i g u r e 13. A i r p h o t o o f S h a l l o w S a n d s on 
P l a s t i c D r i f t . T h i s a r e a o c c u r s i n c e n t r a l 
Newton C o u n t y i n I n d i a n a on t h e n o r t h e r n 
s l o p e s o f the M a r s e i l l e s M o r a i n e , b u t un­
l i k e t h e s i m i l a r l o c a t i o n i n J a s p e r C o u n t y 
( F i g . 1 2 ) t h e s e s a n d s a v e r a g e l e s s t h a n 3 
f t . i n d e p t h . T h i s p h o t o e x h i b i t s most o f 
t h e f e a t u r e s o f t h e a i r p h o t o p a t t e r n o f 
p l a s t i c d r i f t , i n c l u d i n g phantom d r a i n a g e . 
C o l o r t o n e s a r e v e r y l i g h t on t h e e l e v a t e d 

a r e a s and g r a y i n the d e p r e s s i o n s . 

g r a d e r e a s o n a b l y w e l l d r a i n e d . The ma­
t e r i a l s a r e s u f f i c i e n t l y graded t o p r o v i d e 
e x c e l l e n t borrow m a t e r i a l and can be used 
as s u r f a c i n g f o r c o u n t y r o a d s . Poor p e r ­
formance i s n o t t o be e x p e c t e d e x c e p t un­
d e r a d v e r s e c o n d i t i o n s o f t r a f f i c and 
c l i m a t e . The p r o b l e m o f s u r f a c e e r o s i o n 
i s one which should be c o n s i d e r e d , and p r o ­
t e c t i o n i s needed f o r c u t and embankment 
slop e s t o r e t a r d e r o d i n g . 

Sands on Drift - These sands were i n c l u d e d 
as an i n t e r m e d i a t e group between the s h a l ­
l o w sands, w h i c h were mapped as 3 f t . o r 
l e s s i n d e p t h , and t h e deep sands, w h i c h 
i n c l u d e d t h o s e 5 f t . deep and more. I n 
sands o f t h i s i n t e r m e d i a t e depth t h e c h a r ­
a c t e r o f t h e u n d e r l y i n g d r i f t has some i n ­
f l u e n c e on t h e a i r p h o t o p a t t e r n as w e l l as 
on t h e highway p r o b l e m s i n v o l v e d , b u t i t 
d i d n o t appear f e a s i b l e t o a t t e m p t t o d i f -
f e n t i a t e between t h e d i f f e r e n t t y p e s o f 
u n d e r l y i n g d r i f t on t h e b a s i s o f t h e a i r ­
photo p a t t e r n . F i e l d s ampling showed sands 
o f t h i s d e p t h l y i n g on p l a s t i c , s e m i p l a s t i c 
and g r a n u l a r d r i f t . The s u p e r f i c i a l f e a ­
t u r e s o f t h i s a r e a a r e t h o s e o f t h e deep 
sands as d i s c u s s e d e a r l i e r . The sands ar e 
e i t h e r w a t e r - l a i d o r w i n d - b l o w n and gen­
e r a l l y a r e one-size^) i n t e x t u r e a l t h o u g h 
t h e w a t e r - d e p o s i t e d s a n d s m.ay i n c l u d e 
l a r g e r g r a i n s . 

F i g u r e 12 shows t h a t t h e c o l o r tones o f 
t h i s s o i l p a t t e r n a r e l i g h t and g r a y , oc­
c u r r i n g i n a p a t t e r n s i m i l a r t o t h a t o f the 
u n d e r l y i n g d r i f t . However, t h e c h a r a c t e r ­
i s t i c m o t t l i n g shows t h r o u g h i n a m o d i f i e d 
form and t h e s u r f a c e i s f u r t h e r m o d i f i e d 
by sand dunes and r i d g e s . The s l o p e s a r e 
g e n e r a l l y smooth and t h e r e i s a c e r t a i n 
amount o f phantom d r a i n a g e . Surface r u n o f f 
i s g e n e r a l l y l a c k i n g . As i s c h a r a c t e r i s t i c 
o f sand dunes, they may be covered w i t h oak 
t r e e s when t h e y a r e s u f f i c i e n t l y r o u g ^ and 
have so l i t t l e t o p s o i l d e v e l o p m e n t t h a t 
t h e y a r e n o t t i l l a b l e . D e p t h o f sand i n 
th e dunes may, o f course, be o v e r 5 f t . b u t 
on a s m a l l s c a l e map i t was n o t r e a s o n a b l e 
t o map such i s o l a t e d s p o t s . 

The highway p r o b l e m s o f t h i s s o i l a r e a 
a r e n o t d i s s i m i l a r t o t h o s e o f t h e a r e a s 
o f more s h a l l o w s a n d s , e x c e p t t h a t t h e 
problems can be expected t o occur w i t h l e s s 
f r e q u e n c y . The sands a r e o f s u f f i c i e n t 



depth t h a t t h e y p r o v i d e a good subgrade i n 
s p i t e o f t h e c h a r a c t e r o f t h e u n d e r l y i n g 
d r i f t , u n l e s s c u t s p e n e t r a t e t o o d e e p l y . 
Consequently, o n l y i n the deeper c u t s need 
we be c o n c e r n e d w i t h p o o r s u b g r a d e c o n ­
d i t i o n s . The t o p o g r a p h y w i l l be a f f e c t e d 
by t h a t o f t h e u n d e r l y i n g d r i f t . I f t h e 
d r i f t i s g r a n u l a r t h e r e i s t h e pr o b l e m o f 
l o c a t i o n t o a v o i d deep c u t s and f i l l s and 
t o a v o i d muck po c k e t s . I n the more s h a l l o w 
areas o f sand and where t h e c u t s are deep­
e r , t h e problems i n v o l v e d a r e those o f the 
u n d e r l y i n g m a t e r i a l . I n deep c u t s i n t o 
p l a s t i c d r i f t i t i s p a r t i c u l a r l y necessary 
t o p r o v i d e i n t e r c e p t i n g d r a i n a g e f o r 
ground-water f l o w from the s a n d - d r i f t bound­
a r y . H i e g r a i n s i z e o f the s e sands makes 
them s u b j e c t t o w i n d e r o s i o n , as w e l l as 
e r o s i o n by r u n n i n g w a t e r . The l a c k o f 
b i n d e r m a t e r i a l l e a d s t o p r o b l e m s i n em­
bankment c o n s t r u c t i o n as discussed e a r l i e r . 

Shallow Sands on Plastic Drift - T h i s c l a s ­
s i f i c a t i o n i n c l u d e s sands o f d e p t h s t o 
about 3 f t . T h i s type may occur i n areas 
where deep, w a t e r - l a i d sand d e p o s i t s a r e 
b o r d e r e d by p r e - e x i s t i n g a r e a s o f d r i f t 
and a l s o i n c l u d e s a r e a s o f s h a l l o w w i n d ­
blown sand which may o r may n o t be i s o l a t e d 
from t h e i r s o u r c e o f s u p p l y . The s u r f a c e 
i s w e l l - d r a i n e d b u t t h e d r i f t below nec­
e s s a r i l y has the c h a r a c t e r i s t i c s o f sands-
o n - d r i f t as d e s c r i b e d above. The t o p o g ­
raphy w i l l t a k e t h e form o f t h e u n d e r l y i n g 
d r i f t w i t h some m o d i f y i n g by t h e sands, 
p a r t i c u l a r l y where s c a t t e r e d dunes have 
formed. 

S a l i e n t f e a t u r e s o f t h i s s o i l p a t t e r n 
may be seen i n F i g u r e 13. Slopes are gen­
e r a l l y r a t h e r s m o o t h l y rounded e x c e p t a t 
the random dunes. There i s l i t t l e e r o s i o n , 
and phantom d r a i n a g e may be seen i n many 
p l a c e s . The f i e l d p a t t e r n i s r e g u l a r and 
some d i t c h i n g i s e v i d e n t . The s m o o t h l y 
blended l i g h t and dark areas o f the p l a s t i c 
d r i f t p a t t e r n a r e i n e v i d e n c e t h r o u g h t h e 
o v e r l y i n g sand b u t t h e o v e r a l l p a t t e r n has 
been l i g h t e n e d i n c o l o r so t h a t t h e h i g h e r 
p o r t i o n s o f t h e t e r r a i n show up v e r y l i g h t 
i n c o l o r t o n e and t h e depressed areas a r e 
n o t b l a c k b u t gray. 

I h e u n d u l a t i n g n a t u r e o f t h e topography 
i n t h i s s o i l a r e a i n d i c a t e s t h a t c u t s 
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t h r o u g h t h e sh a l l o w sand and i n t o t h e under­
l y i n g d r i f t may be e x p e c t e d f r e q u e n t l y . 
Tlie zone o f i n t e r s e c t i o n o f t h e sand and 
d r i f t boundary i s l i k e l y t o show e v i d e n c e s 
o f poor p e r f o r m a n c e . The c o m b i n a t i o n o f 
sharp change i n s o i l t e x t u r e combined w i t h 
t h e p l a s t i c and i m p e r v i o u s n a t u r e o f t h e 
d r i f t makes t h i s s o i l area one o f t h e w o r s t 
mapped from t h e s t a n d p o i n t o f highway prob­
lems. The u s u a l p r o b l e m s o f s i l t y c l a y s 
w i l l be e n c o u n t e r e d i n t h e r e g i o n s o f c u t 
where t h e pavement i s l a i d on t h e d r i f t . 
Where pavements a r e l a i d on 1 t o 2 f t . o f 
sand, a good subgrade c o n d i t i o n n'ay p r e v a i l 
a l t h o u g h f a u l t i n g a t j o i n t s i s p o s s i b l e 
u n d e r h e a v y a x l e l o a d s . D r a i n a g e i s a 

F i g u r e 14. A i r p h o t o o f S h a l l o w S a n d s on 
G r a n u l a r D r i f t . T h i s a i r p h o t o e x h i b i t s a 
c o m b i n a t i o n o f the f e a t u r e s o f s a n d s s u p e r ­
i m p o s e d on t h o s e o f g r a n u l a r d r i f t . I n ­
f i l t r a t i o n b a s i n s a r e e v i d e n t a n d many 
muck p o c k e t s a r e s e e n , some o f w h i c h a r e 
o u t l i n e d on t h e p h o t o . An a r e a o f d e e p e r 
s a n d s a n d d u n e s may be o b s e r v e d i n t h e 
l o w e r r i g h t s i d e o f t h e p r i n t a s i n d i c a t e d 
by t h e a r r o w . T h i s p h o t o i s o f an a r e a 
a l o n g I n d i a n a SB No. 17 i n w e s t e r n M a r s h a l l 

C ounty. 
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p r o b l e m i n t h e moderate and deep c u t s and 
i t w i l l be n e c e s s a r y t o i n t e r c e p t t h e 
ground-water f l o w . F r o s t heaves may be en­
coun t e r e d , n o t o n l y i n the c u t s b u t p o s s i b l y 
i n o t h e r areas where t h e sand i s s h a l l o w . 
Tlie s o l u t i o n f o r t h e p r o b l e m s i s e s s e n ­
t i a l l y t h a t o f m a i n t a i n i n g a h i g h g r a d e 
l i n e o r o f p r o v i d i n g a b l a n k e t l a y e r i n t h e 
deep c u t s and m a i n t a i n i n g p r o p e r d r a i n a g e . 

Shallow Sands on Granular Drift - Again, as 
was t h e case w i t h g r a n u l a r d r i f t , the topog­
raphy o f t h i s s o i l area tends t o be i r r e g u ­
l a r and i s i n f l u e n c e d a l m o s t e n t i r e l y by 
t h a t o f t h e u n d e r l y i n g d r i f t . The sands 
t e n d t o modulate t h e s l o p e s , b u t t h e r e a r e 
o c c a s i o n a l dunes p r o v i d i n g a c c e n t s t o t h e 
to p o g r a p h y . The s u r f a c e i s w e l l d r a i n e d , 
l a r g e l y i n t e r n a l l y , e x c e p t i n t h e depress­
i o n s where muck p o c k e t s have formed. Tbe 
d e p t h o f t h e sands v a r i e s f r o m % t o 3 f t . 

F i g u r e 15. A i r p h o t o o f S c a t t e r e d A r e a s o f 
S a n d s on P l a s t i c D r i f t . T h i s p a t t e r n i s 
p r e d o m i n a n t l y t h a t o f p l a s t i c d r i f t , b u t 
s u p e r i m p o s e d on i t a r e l i g h t s a n d p a t c h e s 
a s o u t l i n e d . I t r e p r e s e n t s a n a r e a i n 

s o u t h e a s t Newton C o u n t y . • 

and t h e y a r e u n d e r l a i n by a p a r t i a l l y de­
vel o p e d g r a n u l a r d r i f t P-type h o r i z o n w i t h 
t h e g r a v e l l y p a r e n t m a t e r i a l below. 

Comparison o f F i g u r e 14 w i t h F i g u r e 11 
w i l l show how t h e s u r f a c e l a y e r o f sand has 
m o d i f i e d the a i r p h o t o p a t t e r n o f the granu­
l a r d r i f t . Tbere i s s t i l l an abundance o f 
steep s l o p e s , s l i g h t l y m o d i f i e d by the sand. 
The g u l l i e s a r e f a i r l y s h a r p and i n f l i t r a -
t i o n b a s i n s a r e n o t e d . The g r e a t e s t d i f ­
f e rence i n t h e p a t t e r n s i s perhaps the con­
t r a s t i n c o l o r tones. On t h e s h a l l o w - s a n d 
p r i n t , t h e h i g h e r a r e a s a r e much w h i t e r 
t h a n on t h e g r a n u l a r d r i f t b u t t h e r e a r e 
much b l a c k e r t o n e s on t h e s h a l l o w - s a n d 
p r i n t s f o r muck p o c k e t s a r e more prone t o 
d e v e l o p . S c a t t e r e d a r e a s o f w i n d - b l o w n 
a c t i o n may be seen, seme o f i t s t i l l a c t i v e , 
and n a t i v e t r e e s c o v e r most o f t h e dunes. 

The p r o b l e m s o f t h i s s o i l a r e a , o t h e r 
t h a n t h a t o f l o c a t i o n because o f t h e r o u ^ 
t o p o g r a p h y and muck p o c k e t s , a r e n o t ex­
pec t e d t o be g r e a t . The change i n t e x t u r e 
i s l e s s s h a r p t h a n f o r s h a l l o w sands on 
p l a s t i c d r i f t w i t h t h e r e s u l t t h a t p e r f o r ­
mance, even i n deep c u t s , w i l l n o t o r d i n ­
a r i l y be bad. The s o i l p r o v i d e s good sub-
grade s u p p o r t , e x c e p t p o s s i b l y i n r e g i o n s 
o f h i g h g r o u n d w a t e r where t h e r e may be 
a p p r e c i a b l e s o f t e n i n g o f f l e x i b l e pavements. 
S u f f i c i e n t g r a n u l a r m a t e r i a l i s a v a i l a b l e 
f o r f i l l as needed. Problems o f compaction 
and e r o s i o n , as d i s c u s s e d f o r sand dunes 
and r i d g e s , have some a p p l i c a t i o n i n t h e 
s h a l l o w sand areas t o o . 

Scattered Areas of Sands on Drift - These 
s o i l a r e a s were s e p a r a t e d and mapped n o t 
because o f t h e i r i m p o r t a n c e b u t because o f 
the danger o f i n c l u d i n g them as sand areas 
i f t h e y were n o t p o i n t e d o u t . The charac­
t e r i s t i c s v a r y from those o f the u n d e r l y i n g 
d r i f t , w h e t h e r i t i s p l a s t i c o r g r a n u l a r , 
t o t h o s e o f deep sands. The d r i f t p r e ­
dominates, b u t i t may be covered w i t h sand 
i n s c a t t e r e d a r e a s . These sands w i l l v a r y 
from t h i n smears o f wind-blown sand o n l y a 
few i n c h e s deep t o wi n d - b l o w n d e p o s i t s i n 
dune form, t h e l a t t e r sometimes b e i n g many 
f e e t deep. T h e r e may a l s o be a r e a s o f 
w a t e r - l a i d sands which were d e p o s i t e d a l o n g 
shores o f sm a l l former l a k e s . As w i t h most 
sand s u r f a c e s , t h e t o p s o i l d evelopment i s 
l i m i t e d , p a r t i c u l a r l y on t h e s l o p e s . The 
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topography i s b a s i c a l l y t h a t o f the d r i f t , 
u n d u l a t i n g f o r p l a s t i c d r i f t and compara­
t i v e l y rough f o r g r a n u l a r d r i f t , w i t h oc­
c a s i o n a l m o d i f i c a t i o n s where t h e sand has 
c a u s e d r o u n d i n g o f t h e s l o p e s o r where 
wind-formed dunes have p u n c t u a t e d t h e h i g h 
p o i n t s o f the topography. 

A i r p h o t o p a t t e r n s o f t h i s t y p e a r e 
i l l u s t r a t e d by F i g u r e s 15 and 16. I n t h e 
p l a s t i c d r i f t a r e a s , t h e f e a t u r e s o f t h e 
p l a s t i c d r i f t p a t t e r n p r e d o m i n a t e . The 
s l o p e s a r e s m o o t h l y r o u n d e d , s o m e t i m e s 
a c c e n t u a t e d by dune f o r m a t i o n . The p a t c h y 
l i g h t and dark c o l o r tones are o c c a s i o n a l l y 
p u n c t u a t e d by a l i g h t e r area i n d i c a t i n g a 
sand d e p o s i t . Phantom d r a i n a g e and d i t c h ­
i n g a r e p r o m i n e n t . C o l o r t o n e s o f t h e 
p a t t e r n i n t h e g r a n u l a r d r i f t a r e a w i l l 
n o t be g r e a t l y changed by t h e s c a t t e r e d 
a r eas o f sand s i n c e t h e d r i f t p a t t e r n was 
f a i r l y l i g h t due t o the w e l l d r a i n e d n a t u r e 
o f t h e s o i l . However, t h e s c a t t e r e d areas 
o f sand may i n t r o d u c e o c c a s i o n a l l i g h t e r 
s p o t s . The amount o f m o d i f i c a t i o n o f t h e 
p a t t e r n i s an i n d i c a t i o n o f t h e d e p t h o f 
th e o v e r l y i n g sand; i f t h e p a t t e r n i s b u t 
l i t t l e m o d i f i e d , t h e r e i s v e r y l i t t l e cover; 
i f the p a t t e r n i s g r e a t l y m o d i f i e d , t h e i n ­
f l u e n c e o f t h e sand i s e v i d e n t l y s t r o n g e r . 
S l o p e s w i l l be s t e e p and f r e s h l y e r o d e d 
w i t h V-shaped g u l l i e s w i t h o c c a s i o n a l l y a 
wind-swept appearance t o the m o d i f i c a t i o n s . 

S o i l s i n t h e s e r e g i o n s s h o u l d r e c e i v e 
e s s e n t i a l l y the same c o n s i d e r a t i o n as those 
i n t h e s u r r o u n d i n g d r i f t areas. I t i s im­
p o r t a n t t h a t t h e y n o t be t r e a t e d g e n e r a l l y 
as sand areas, p a r t i c u l a r l y i n t h e p l a s t i c 
d r i f t r e g i o n f o r t h e s o i l t y p e i s l i t t l e 
b e t t e r t h a n t h a t o f t h e u n d e r l y i n g d r i f t 
and has the f u r t h e r d i s a d v a n t a g e o f an ad­
d i t i o n a l change i n t e x t u r e . 

Associated Muck, Peat, and Flood Plains -
A l l u v i a l a r e a s h a v e been s u b j e c t e d t o 
f l o o d i n g d u r i n g c o m p a r a t i v e l y r e c e n t times 
and may c u r r e n t l y be l i a b l e t o f l o o d . They 
a r e made up o f a s e r i e s o f w a t e r l a i d de­
p o s i t s w h i c h may v a r y a p p r e c i a b l y i n t e x ­
t u r e . They form an area o f p o s s i b l e s h i f t ­
i n g stream channel as ev i d e n c e d by oxbows, 
o l d c u r r e n t m a r k i n g , meanders, and o t h e r 
l i k e m a r k i n g s ( F i g . 1 7 ) . The s o i l s a r e 
p r e d o m i n a n t l y g r a n u l a r b u t may be f o u n d 
w i t h p l a s t i c l a y e r s . The c h a r a c t e r i s t i c 

markings make a i r p h o t o i d e n t i f i c a t i o n easy. 
C o l o r t o n e s a r e u s u a l l y d a r k g r a y , even 
when n o t co v e r e d by heavy v e g e t a t i o n , be­
cause o f t h e d e p t h o f t h e o r g a n i c m a t t e r 
i n t h e u p p e r h o r i z o n s . T h e r e w i l l f r e ­
q u e n t l y be a s h a r p d r o p f r o m t h e u p l a n d 
t o t h e a l l u v i u m , and s h o r t g u l l i e s may 
o c c a s i o n a l l y be found c u t t i n g down t h r o u g h 
the wal 1. 

Muck and peat d e p o s i t s are p a r t i c u l a r l y 
numerous i n t h e a r e a s o f sand dunes and 
r i d g e s a n d i n t h e o t h e r p r e d o m i n a n t l y 
g r a n u l a r s o i l areas and c o n s e q u e n t l y i t i s 
a p p r o p r i a t e t o d i s c u s s them i n c o n n e c t i o n 
w i t h t h e sand w i t h which they so o f t e n oc­
cu r i n c o n j u n c t i o n . The d e p o s i t s may v a r y 
f r o m s h a l l o w t o g r e a t d e p t h s and may be 
u n d e r l a i n by sands, g r a v e l s , m a r l , s i l t s , 
c l a y s , o r c o m b i n a t i o n s . Tlie n a t u r e o f oc-

F i g u r e 16. A i r p h o t o o f S c a t t e r e d A r e a s o f 
S a n d s on G r a n u l a r D r i f t . T h i s p h o t o i s 
r e p r e s e n t a t i v e o f a l a r g e p o r t i o n o f w e s t e r n 
F u l t o n C o u n t y . I t has many o f t h e c h a r a c ­
t e r i s t i c s o f the g r a n u l a r d r i f t p a t t e r n but 
i s m o d i f i e d w i t h many s m o o t h l y r o u n d e d 
s l o p e s o f w i n d s w e p t a p p e a r a n c e . C o l o r 
t o n e s a r e l i g h t a n d g r a y e x c e p t f o r t h e 

muck p o c k e t s . 
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Figure 17. Airphoto of A l l u v i a l S o i l Are 
a long the Tippecanoe R i v e r i n northwest 

seen as s l i g h t v a r i a t i o n 

c u r e n c e o f the a r e a s i s s u c h t h a t t h e i r , 
dra inage w i l l be very poor u n l e s s they have 
been thoroughly d i t c h e d . The heavy b l a c k 
a r e a s a r e so e v i d e n t on the a i r p h o t o a s 
h a r d l y to r e q u i r e p o i n t i n g o u t , the i n ­
t e r p r e t a t i o n may r a t h e r be one o f degree 
o f development. F i g u r e s 18 and 19 are i l ­
l u s t r a t i v e o f these a r e a s . 

The highway problem i s u s u a l l y one o f 
c a r r y i n g the highway a c r o s s the a r e a be­
cause i t cannot be avoided. A l l u v i a l areas 
are g e n e r a l l y found p a r a l l e l to s treams, so 
i t i s as n e c e s s a r y to c r o s s them as i t i s 
to c r o s s s t r e a m s . A h i g h , l e v e l grade i s 
u s u a l l y i n d i c a t e d i n both c a s e s ; a c r o s s 
a l l u v i u m because o f p r o j e c t i n g the grade 
l i n e from the l e v e l i n the u p l a n d to the 
l e v e l o f the b r i d g e c r o s s i n g (and to s t a y 
above f l o o d l e v e l ) and i n muck and p e a t 
a r e a s because f i l l i s u s u a l l y r e q u i r e d f o r 
foundat ion support . The mat ter o f founda­
t i o n s u p p o r t i s not l i k e l y to be s e r i o u s 
i n a l l u v i a l a r e a s b e c a u s e o f t h e i r f r e ­
quent ly g r a n u l a r t e x t u r e . The t o t a l l y i n ­
adequate s u p p o r t i n g power of muck and peat 
s o i l s a c t i n g as a suhgrade under a pavement 
i s so w e l l known a s n o t to r e q u i r e any 

a. T h i s photo shows the a l l u v i a l area 
Fu l ton County, C u r r e n t s c a r s may be 
s in the c o l o r tone. 

c o n s i d e r a t i o n . R a t h e r , i n c o n s t r u c t i o n 
a c r o s s t h e s e beds i t i s a problem o f de ­
s i g n i n g and c o n s t r u c t i n g a f i l l which w i l l 
c a r r y the pavement without se t t l ement . The 
problem r e s o l v e s i n t o e i t h e r removing the 
q u e s t i o n a b l e m a t e r i a l and b a c k f i l l i n g w i t h 
a g r a n u l a r m a t e r i a l or s p e e d i n g the con­
s o l i d a t i o n o f the muck and p e a t so t h a t 
de tr imenta l se t t l ement w i l l not occur a f t e r 
the pavement has been l a i d . The f a i l u r e to 
a c c o m p l i s h t h i s end i s a t t e s t e d to by ob­
v i o u s s e t t l e m e n t s a c r o s s muck and p e a t 
a r e a s . These problems are c u r r e n t l y be ing 
s t u d i e d by a committee o f the Highway Re­
s e a r c h Board . 

SUMMARY AND C O N C L U S I O N S 

The b a s i c t e c h n i q u e s o f i n t e r p r e t a t i o n 
o f a e r i a l photographs f o r e n g i n e e r i n g s o i l 
c h a r a c t e r i s t i c s have been a p p l i e d t o an 
e x t e n s i v e and g l a c i a l l y complex a r e a o f 
northwest I n d i a n a . Working from techniques 
of i n t e r p r e t a t i o n o f a irphoto p a t t e r n s pre ­
v i o u s l y e s t a b l i s h e d , u s i n g f i e l d t r i p s to 
a i d i n c l a s s i f y i n g a r e a s i n which the a i r ­
photo p a t t e r n was complex , and a p p l y i n g 



TABLE I 

SUMMARY OF AIRPHOTO AND HIOIWAY ENGINEERING CHARACTER I SnCS OF SOIL AREAS 

CHARACTCRISTICS AIRPHOTO PATreflNS HICHWAY PROBLEMS 
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Urge Flat 
Areaa of 
Sands 

Saod dunes 
and Ridges 

Sandy 
Outwash 

Sands and 
Gravels 

Plastic 
D r i f t 

Sena-PI a S t i c 
D r i f t 

Granular 
D r i f t 

Sands (3 to 5 
feet deep) 
on D r i f t 

Shallow Sands 
on Plastic 
Dr i f t s 

Shallow Sands 
on Granular 
D r i f t 

Scattered 
Areas of Sand 

on Plastic 
D r i f t 

Scattered 
Areas of Sand 

on &anular 
D r i f t 

Muck and Peat 

[fecent Flood 
Plains 

Very Flat over large arena 
Occasional dunes 
&anular Textures 
A r t i f i c i a l drainage 
Unifonn grain aixe in 

surface sands 

Topographically irregular 
Dunes and ridges 
Uniform grain size 
Muck Pockets 

HffC to ro l l ing 
L i t t l e surface drainage 
Sandy materials 

Send topsoil 
Layers of gravels and sanda 
Rolling topography 
Well-drained internally 
Muck channels 

Flat to gently ro l l ing 
Impermeable 
Plastic to semi-plsstic 

Less regular topography 
More granular so i l 

Often fflorainic 
Granular parent soil 
Steep slopes 
Muck arees 

Variety of underlying 
material 

Sands are one-sized 
Some festures of under­

lying B s t e r i s t 
Dtines 

Drained surface 
In^rnous below 
Occasional dunea 

Irregular topography 
Muck pockets 
Occasional dunes 
Well-drained 

Like plastic d r i f t with 
some dunes and thin 
smears of sand 

Like granular d r i f t with 
scattered dunea and thin 
surface smears'Of sand 

Hetero^neous subsurface 
materials 

Low lying 
Low density 

Water-laid deposits 
Uesndera 
Marsh 

Very f l a t 
Uniform l i ^ t n-ay color tones 
No natural surface drainage 
Ditching 
Oak trees on dunes 

Dkines and ridges 
Blowouts 
No surface run-off 
Ditching 
Irregular f i e l d pattern 

Gently rolUna to f l a t 
More uniform I ig i i t gray color 

tones 
No gullies 
Some ditches 
Faint i n f i l t r a t i o n baains 

Rollins 
Few gullies 
Pitted appearance 
Current acars 
I n f i l t r a t i o n basins 
Muck channels 
Short gullies 

Snoothly-rounded ajopes 
Intense erosion absent 
patchy l i ^ t and dark 
merging areas 

Hiantom drainage 
Rectangular f i e l d pattern 

More irregular slopes 
Some eroded slopes 
Sharper color tone changes 
Phantom drains^ 
More i n f i l t r a t i o n basins 

Steep slopes 
Freanly-eroded slopes 
V-shaped guUiea 
Light color tonea 
Muck pockets 

anooth slopes 
Some dunes, covered with 
trees 

Light snd gray color tones 
in dr i f t -Tike pattern 

PhontotD drainage 

Plastic d r i f t pattern 
underlying 

Light color on noes 
Gray color in depresaiona 
Phantom drainage 

Send pattern over granular 
d r i f t pattern 

I n f i l t r a t i o n baaina 
Muck pockets 

Plastic d r i f t patterns with 
light-colored patches 

(k-anular d r i f t patterns 
with light-colored 
patches 

Unconformities 
Sharp boundaries 
Black to dark gray color 
tones 

Low areas 
Adjvcent to stream 
Dark gray color tonea 
Much vegetation 
Current scars. Oxbows 

Faulting 
Depressions 

Muck Pockets 
Slope erosion 
Faulting 

High water table 
Faulting 

Muck channels 
Faulting 

Very poor subgrede in 
cuts 

Drainage 
Pumping 
Froat heevea 

Poor subgrade in cuts 
Drainage 
Froat action 

Location 
Erosion of cut and 
embankment alopes 

F i l l acrosa muck areas 

Poor subgrade in deep­
est cuts 

Drainage at soil 
boundsriea 

Faulting 

Poor subgrade in cuts 
Drainage 
Frost heaves 

Location for cut and 
f i l l and to avoid 
muck pockets 

F i l l across muck 
Slc^e erosion 

Sane as plastic d r i f t 

Same as granular d r i f t 

F i l l acrosa depressions 
Elevated grade 
Ditching 

Grass or sod for slope 
protection 

F i l I across muck 

Ditching 
Elevated grade 

Good construction 
practices 

Blanket layers 
Elevated grade 
Granular bases 
Deep gutters or 
subdrainage in cuts 

Elevated grade 
Blanket layers 
Deep gutters or 
subdrainage in cuta 

Slope protection 
Gutters in cuts 
Good muck 

construction 

Blanket layers 
Intercepting 
drainage 

Support 
Drainage 
Settlement 

Flooding 
Settlement 

Blanket layers 
Eleveted ^ade 
Intercepting 
drainage 

Slope protection 
Good embankment 
procedures 

Special muck 
construction 

Seme as plastic 
d r i f t 

Some as granular 
d r i f t 

Elevated grade 
Special methoda 

of construction 

Elevated grade 
Improved embankment 
des i^ end compac­
tion methods 
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Figure 18. Airphoto Showing Stages of Muck 
Development. T h i s p i c t u r e was taken near 
the o u t w a s h - s a n d border i n s o u t h e a s t L a -
porte County. The b lack spot i n the upper 
l e f t corner of the p i c t u r e i s a p o r t i o n of 
a lake which at one time spread over a much 
l a r g e r a r e a . The b l a c k spot a t "A" i s a 
marsh which has developed in the bed of the 
f o r m e r l a k e . The a r e a s u r r o u n d i n g t h e 
marsh i s enough h i g h e r t h a t mucky s o i l s 

are developing there . 

knowledge o f s o i l s e n g i n e e r i n g and o f geo­
l o g i c a l and pedolog ica l developments i n the 
a r e a , a l l or p o r t i o n s o f 12 c o u n t i e s were 
mapped. 

I t was found t h a t the comparat ive ly com­
p l e x a i r p h o t o p a t t e r n s o f s o i l s i n g l a ­
c i a t e d r e g i o n s can be i n t e r p r e t e d , w i t h 
c o n f i d e n c e , to p r e d i c t the s a l i e n t c h a r a c ­
t e r i s t i c s o f the s o i l s photographed. The 
method i s e s s e n t i a l l y one o f a d d i n g to 
knowledge a l r e a d y ga ined about some p a t ­
t e r n s and, by a r e a s o n i n g p r o c e s s , d e t e r ­
min ing how those p a t t e r n s would be changed 
i f the ground they represented were covered 
by some other s o i l m a t e r i a l . For i n s t a n c e , 
the p a t t e r n o f s h a l l o w s a n d s on p l a s t i c 
d r i f t shows e v i d e n c e s o f the a i r p h o t o p a t -

F i g u r e 19. Airphoto of Muck Channel Along 
Kankakee R i v e r . T h i s i s the narrowest con­
s t r i c t i o n of the Kankakee b a s i n and the 
w a l l s , p a r t i c u l a r l y on the r i g h t , are qu i te 
d i s t i n c t . The outwash to the r i g h t f u r ­
n i s h e s some of the best grave l i n I n d i a n a . 
T h a t to the l e f t o f the c h a n n e l i s more 
s a n d y . Muck and p e a t d e p o s i t s h e r e a r e 
many f e e t deep, c a u s i n g the u n i f o r m f l a t 

gray co lor tone. 

t e r n s o f both m a t e r i a l s , but the combina­
t i o n i s a new one. 

R e s u l t s from e x t e n s i v e pavement p e r f o r ­
mance s u r v e y s make i t p o s s i b l e , a f t e r the 
s o i l s of a g iven a r e a have been i d e n t i f i e d 
from the a i r p h o t o s , to p r e d i c t the type o f 
highway performance t'o be expected i n t h a t 
a r e a or to o u t l i n e the genera l f e a t u r e s to 
be c o n s i d e r e d i n t h e d e s i g n o f new c o n ­
s t r u c t i o n . T a b l e 1 i s submitted as a sum­
mary o f the c h a r a c t e r i s t i c s of the v a r i o u s 
s o i l areas d i s c u s s e d i n t h i s r e p o r t . 

I t may be concluded from the study tha t : 
(1 ) Mapping of g l a c i a l depos i t s and r e ­

worked g l a c i a l m a t e r i a l s o f W i s c o n s i n g l a ­
c i a l o r i g i n can be done i n c o n s i d e r a b l e de­
t a i l where accompanying f i e l d i n v e s t i g a ­
t i ons can be made. 
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(2) Complex patterns , or patterns of 
combinations of surface so i l conditions can 
u s u a l l y be i d e n t i f i e d as combinations of 
the components of the constituent pr in t s . 
Hi i s lends support to the bel ief that simi­
l a r methods can be applied to many other 
types of areas. 

(3) From a knowledge of highway prob­
lems in d i f f eren t types of s o i l areas and 
from the a b i l i t y to i d e n t i f y these s o i l 
areas on the airphotos, i t i s possible to 
predict the type of highway problems to be 
encountered in a given area by studying the 
aer ia l photographs. 

(4) On the basis of observations made, 
p l a s t i c d r i f t , shallow sands on p l a s t i c 
d r i f t , and scattered areas of sand on plas­
t i c d r i f t along with muck and peat may be 
grouped as the s o i l s studied on which the 
poorest performance i s to be expected. 
Grouped as s o i l s contributing most to good 
pavement performance are sands and gravels, 
sandy outwash, large f l a t areas of sands 
( i f well drained)^nd areas of sand dunes 
and ridges (excluding muck pockets). 

A C K N O W L E D G E M E N T S 

The a u t h o r i s i n d e b t e d to P r o f e s s o r s 
K. B . Woods and R . E . F r o s t . A s s o c i a t e 
D i r e c t o r and Research Engineer r e s p e c t i v e l y 
of the J o i n t Highway Research P r o j e c t a t 
Purdue U n i v e r s i t y , for i n t e r e s t e d help and 

suggest ions throughout the r e s e a r c h p r o j e c t 
summarized h e r e . To P a c i f i c o Montano o f 
the same s t a f f i s due p a r t i c u l a r a p p r e c i ­
a t i o n for h i s u n r e l e n t i n g z e a l and s k i l l e d 
a s s i s t a n c e , which was a large f a c t o r i n the 
c a r r y i n g of t h i s p r o j e c t to i t s s chedu led 
complet ion. 
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PIEDMONT SOILS I D E N T I F I E D B Y A E R I A L PHOTOGRAPHS 

John C. Stevens, Associate Research Engineer, Virginia Council of 
Highway Investigation and Research 

SYNOPSIS 

To supplement publ i shed informat ion s e v e r a l s t a t e s have begun to use 
a e r i a l photographs for developing s o i l s and m a t e r i a l s maps. A number of 
pub l i shed r e p o r t s d e s c r i b e the methods and a p p l i c a t i o n s of a irphoto map­
p i n g , p a r t i c u l a r l y c o n c e r n i n g g l a c i a l d e p o s i t s and bedrock of igneous 
and sedimentary o r i g i n ; l i t t l e a p p l y i n g to deeply weathered s o i l s de­
r i v e d from Igneous and metamorphic rocks has been w r i t t e n . These s o i l s 
p r e v a i l throughout the Piedmont. 

Piedmont f o r m a t i o n s , shown on the Genera l Geology Map of V i r g i n i a , 
have been d e l i n e a t e d i n s u f f i c i e n t l y to be h e l p f u l i n l o c a l problems. In 
a d d i t i o n , few c o u n t i e s i n V i r g i n i a have e x i s t i n g r e c e n t a g r i c u l t u r a l 
s o i l maps. T h e r e f o r e , a e r i a l photographs are the only economical means 
of o b t a i n i n g d e t a i l e d a r e a l s o i l i n f o r m a t i o n . 

C o r r e l a t i o n s of a irphoto p a t t e r n s to the v a r i o u s major parent m a t e r i ­
a l s , were e s t a b l i s h e d for the Piedmont Prov ince and a s s o c i a t e d T r i a s s i c 
a r e a s in V i r g i n i a . Once the major a r e a s are i d e n t i f i e d , l o c a l s o i l 
changes can be d i f f e r e n t i a t e d r e a d i l y . C e r t a i n s o i l s and parent m a t e r i ­
a l s were observed to have a narked e f f e c t upon pavement p e r f o r m a n c e . 
R e c o g n i t i o n of the r e l a t i o n s h i p between s o i l s and pavement performance 
should s erve as a guide for new c o n s t r u c t i o n i n those a r e a s . Even more 
s i g n i f i c a n t , s i m i l a r s o i l s and a s s o c i a t e d e n g i n e e r i n g problems r e o c c u r 
a t a l l l o c a t i o n s where s i m i l a r p a r e n t m a t e r i a l s a r e found, r e g a r d l e s s 
of the l o c a t i o n w i t h i n the s t a t e . 

Under the pressure of modern l i v i n g we 
are often swept with the tide, having l i t t l e 
opportunity to determine our course. Un­
fortunately this i s true in highway engi­
neer ing , for increased work demand and 
shortage of suitable personnel may preclude 
f u l l organization and u t i l i z a t i o n of valu­
able in format ion . Each year a maze of 
s o i l - t e s t data i s accumulated by the V i r ­
ginia Department of Highways from numerous 
construct ion p r o j e c t s . To tabulate and 
corre la te t h i s data with respect to s o i l 
areas would be des irable , for in this way 
a more adequate concept of the areal s o i l 
problems could be establ ished and test ing 
could be m i n i f i e d . Several s t a t e s make 
extensive use of exist ing agricultural so i l 
survey maps i n t h e i r s o i l s engineering. 
Tliis method i s part i cu lar ly adaptable i f a 
state i s blessed by extensive map coverage. 

To date in V i r g i n i a , r e l a t i v e l y few coun­
t ies have been mapped by the Department of 
Agriculture. Of these only nine are recent, 
detai led, C l a s s I maps (1 ) . In trying to 
correlate s o i l s and their physical proper­
t i es on an areal basis some means of mapping 
the s o i l s had to be developed s ince few 
adequate maps were ava i lab le . Within the 
Department of Highways there was available 
state-wide airphoto coverage; but before 
these photos could be used for in t erpre -
tat ing s o i l conditions, airphoto patterns 
of various so i l types had to be established 
( 2 ) . S o i l s vary from one physiographic 
province to another; therefore, the State 
of V irg in ia , which i s situated within f ive 
major provinces, has an extensive variety 
of s o i l types. T h i s paper describes the 
f indings o f some i n i t i a l i n v e s t i g a t i o n s 
within the Piedmont province. Forty-one 
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percent of the s ta te ' s area, 19,188 miles 
of I t s roads, and a l l or portions of 49 
counties are in this region (3) . In spite 
of i t s s i z e , only two of the agr i cu l tura l 
maps mentioned above cover areas in t h i s 
province. 

In recent years much has been wri t ten 
per ta in ing to the i n t e r p r e t a t i o n o f the 
s o i l s derived from sedimentary and igneous 
rocks, g lacial debris, aeolian deposits and 
coastal p l a i n mater ia l ; t h i s information 
has contributed much to the realm of s o i l s 
engineering. To date l i t t l e has been pub­
lished pertaining to airphoto interpretation 
of deep r e s i d u a l s o i l s derived from old 
crys ta l l ine rocks resembling those found in 
the Piedmont. 

So i l s of the Piedmont are unique for they 
have developed from very deep weathering of 
old, complex rock having many facies changes 
(often the depth of weathering may exceed 
one hundred feet ) . Erosion has been quite 
ac t ive ; thus over large areas weathered, 
decomposed rock may be exposed at the sur­
face. S o i l s developed in th i s region are 
as complex as the parent rock i t s e l f . While 
the parent rock may undergo many f a c i e s 
changes, any one p a r t i c u l a r parent may 
create several s o i l types; again one s o i l 
type may evolve from other than one parent 
formation. 

PHYSIOGRAPHY AND GEOLOGY 

The Piedmont i s an old land mass bounded 
on the west by the Blue Ridge and to the 
east by the Coastal P la in . Older than any 
other area wi th in the United S t a t e s , i t 
has been submaturely d issected by act ive 
streams. Many of the rocks , a l t ered by 
metamorphism, have become laminated, r e ­
s u l t i n g in a northeast-southwest s t r i k e . 
Local differences in elevation of the pro­
vince may be as great as several hundred 
feet but normally do not exceed 75 f t . (4 ) . 

This province embodies a complex system 
of c r y s t a l l i n e Precambrian rock. These 
format ions i n c l u d e : rocks of igneous 
or ig in (both extrusive and in trus ive , and 
metamorphic r o c k ) of both sedimentary 
and Igneous o r i g i n . This complex system 
e n t a i l s many fac ies changes, thus causing 
continually varying rock textures. These 
parent rocks and t h e i r geologic h i s t o r y 
in f luence the r e s u l t i n g r e s i d u a l s o i l s . 

INTERPRETATION OF AERIAL PHOTOGRAPHS 

Several projects in the V i r g i n i a P i ed ­
mont applying airphoto interpretation have 
been undertaken by the counci l . One i s a 
cooperative study with the United States 
Bureau of Public Roads known as the 'Xliar-
lotte County Low Cost Road Study"; another 
i s a s t r i p map of engineering mater ia l s 
along Route 7, Loudoun County, V i r g i n i a ; 
and one recently completed i s an engineer­
ing s o i l s map for a proposed relocation of 
US 58 in Patrick and Henry Counties. Per­
formance surveys o f e x i s t i n g roads and 
s o i l - t e s t data (excepting the l a t t e r pro­
j e c t ) have es tabl i shed the true s i g n i f i ­
cance of airphoto patterns in these areas. 
In Table I are some tes t r e s u l t s typ ica l 
of s o i l s found in this province i n Virg in ia . 

Schists and gneisses - Schists and gneisses 
are the most common parent materials of the 
V i r g i n i a Piedmont, compris ing about 40 
percent of the province. Metamorphosed in 
varying degrees, a l l of these rocks display 
d e f i n i t e cleavage or la ir inat ion. A sub-
paral le l regional drainage pattern i s cre­
ated by t h i s s t r u c t u r e . However, loca l 
dra inage p a t t e r n s o r d i n a r i l y are sub-
d e n d r i t i c . Small g u l l i e s have compound 
gradients, steepest at the headward ends. 
In addit ion to the drainage pattern and 
gul ly sec t ion , another feature common to 
the airphoto patterns of these rocks i s a 
heavy timber cover. T h i s timber e x i s t s 
since the so i l s are re lat ive ly unproductive 
and are subject to severe erosion. Here 
the s i m i l a r i t i e s cease' Chemically and 
phys ical ly these rocks have extraordinary 
differences that necessitate dif ferentiat ion. 

G r a n i t i z e d formations inc lude those 
which have been a l t e r e d by i n t r u s i o n of 
gran i t i c masses ( 5 ) . Most of these rocks 
have become so f t from intens ive weather­
ing. As one might envision, low, smoothly 
rounded ridges and broad, rounded drainage 
c r o s s - s e c t i o n s create d i s t i n c t i v e topo­
graphic features. Prof i l es of the residual 
s o i l s normally have sandy s i l t topsoi l , a 
s i l t y - c l a y B-horizon, and f r i a b l e d i s i n ­
tegrated parent material in the C-horizon. 
These s o i l textures are conducive to ero­
sion, which can he observed on the photo­
graph. The most common pedologic soi l type 
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TABLE I 

SUMMARY OF SOIL TESTS 

Parent 
M a t e r i a l 

Pedoloii ic S o i l 
Typ . 

S o i l P r o f i l e Depth 
H o r i t o n Repreaented 

inchea 

G r e a i t i t e d C e c i l 
achia ta 

and 
(heieaea 

l l i c a Uadiaon 
and 
Kyani te 
Schiata Tallodege 

Louisa 

Gram tea 
and 

Grani te 
Gneisa 

Sla te a 
Green-
atone 
Aasociated 

Aporhyo-
l i t . 

Green-
atone 

Horn­
blende 
Gabbro, 
D i o r i t e 
Diabaae 

Aiapbibo-
l i t e 

Sandatone 
and 

Shalea 
( T r i a a a i c ) 

e-so 
50+ 
0-12 
12-60 
60+ 
12-60 
12-60 
12-60 
60+ 

0-10 
10-34 
34+ 
36+ 
24+ 
6-30 
0-8 
e-24 
24+ 

L i q u i d 
L i m i t 

63 
50 
25 
55 
4S 
33 
79 
S3 
40 

12 
61 
49 
37 
47 

P l a a t i c i t y 
;ndea 

25 
10 

4 
19 

5 
6 

16 
10 
MP 
NP 
13 
NP 
NP 

Ma< Dry 
Denaity 

p e l 

ee 
92 

113 
97 
95 

100 
86 

120 
85 

101 
90 

Optimum 
Moiatore 
percent 

31 
28 
15 
26 
28 
23 
33 

21 
12 
26 

17 
26 

H R B M o d i f i e d 
C l a . a i - C B R * 
f i c a t i o n 

County 

A-7-5( 18) 
A-5(10) 
A-4(3) 
A - 7 - 5 ( l l ) 
A-5(5) 
A-6(6 ) 
A-7-5(9 ) 
A-7-5(10) 
A - 4 ( l ) 
A-2-4(0 ) 
A-7-5(12) 
A-5(0) 
A-2-5(0) 
A-5(6) 
A-4(3) 
A-4(2) 
A - 7 - 5 ( l l ) 
A-2 -4 (0 ) 

App l ing A 
A 

0-10 
0-10 

13 
26 

NP 
5 118 12 

A-4(3) 
A-4(3) 

• R 10-50 64 25 95 26 A-7-5(16) 

0 
CD

 
\ 

10-48 47 4 A-5(6) 
> 0 

CD
 

\ 

10-48 47 15 103 22 A-7-5(8) 

• B 10-48 63 14 88 24 A - 7 - 5 ( U ) 

B 6-40 61 17 96 24 A-7-5(15) 

B 8-45 62 15 94 25 A-7-5(14) 

• C 48+ 45 NP 104 18 A-5(3) 
m C 48+ 30 NP 121 12 A - l - b ( O ) 
« C 45+ 33 5 123 10 A-2 -4 (0 ) 
M C 40+ 27 NP 126 13 A - l - b ( O ) 
m C 36+ 33 NP 114 17 A-2-4(0) 

Wilkes 0-240+ 39 NP 103 17 A-2-4(0) 
• 34 NP 114 16 A-2-5(0) 

• . 47 NP 95 23 A-2-5(0) 

Herndon A 0-8 
A-7 .5 (13) B 

B 
8-24 52 17 93 A-7 .5 (13) 

• 
B 
B 8-30 66 23 88 A-7-5(17) 

• B 8-24 56 24 101 A-7-5(16) 

B 8-24 61 13 - A-7-5(14) 

(jeorgeTi l i e A 0- 10 56 17 99 23 A-7-5(12) 

B 10-30 58 17 99 25 A-7-5(14) 
> B 10-28 76 35 - - A-7-5(20) 

- C 28+ 46 19 99 A - 7 - 6 ( l l ) 

• C 28+ 41 NP 84 A-5(8) 

DaTldaon B 8+ 79 34 83 35 A-7-5(20) 

B 8+ 40 7 196 22 A-4(7) 
• B 

B 
8+ 48 14 99 22 A - 7 - 5 ( l l ) 

• 
B 
B 10+ 48 19 - - A-7-6(14) 

• A 0-7 39 9 102 19 A-4(8 ) 

• B 8-50 70 23 - A-7-5(12) 

• C 50+ weathered roch 

I r e d e l l C 30+ 29 3 109 19 A-4(8) 

B 12+ 63 15 93 27 A-7-5(12) 
« A 0-10 14 NP 122 9 A-2-4(0) 

• B 10-32 31 14 - - A-6(2) 

• C 32+ 25 9 121 15 A - 4 ( l ) 

• A 0-14 . NP - - A-4(2) 

• C 50+ 55 19 - - A-7-5(9) 

A 0-10 54 5 91 27 A-5(4 ) 
> B 10-30 31 11 114 16 A-6(9) 

• B 10-30 73 34 85 26 A-7-5(20) 

• B 10-30 57 26 93 26 A-7 .5(17) 

A 0-8 30 10 106 19 A-4(PBA) 

• B 8-30 47 23 101 22 A-6(PRA) 

• B 8-30 60 34 93 30 A-6(PRA) 

C 
(weathered) 30+ 31 9 109 17 A-4(PHA) 

C 
(weathered) 30+ 33 8 108 19 A-4(PBA) 

• C 30+ 30 NP 124 14 A-2(PRA) 

C 30+ 28 NP 124 14 A-2(PRA) 

Bueka B 10-30 29 3 115 - A-4(1) 

B 10-30 20 3 100 - A-4(4) 

B 10-30 28 16 110 - A-6(8) 

B 10-30 41 12 - A-7-6(5) 

• C 30 + 35 1 106 A-4(3 ) 

• C 30+ 40 20 113 A-6(6) 

9 2 
7 7 

5 3 
7 3 
1 2 
1 2 
3 7 

' 1 8 
1 5 

6 7 

6 3 
10 0 
17 0 

Grayaon 
C h a r l o t t e 

( 3 i a r l o t t a 
Henry 

H a l i f a i 
( 3 i a r l o t t e 

Orange 

•The V i r g i n i a Department o f Highways. D i . i a i o n of T e . t a , a p e c i f l e a t ha t f i e l d compaction a h . l l be 95 percent atandard Proc tor 
Therefora , C a l i f o r n i a Bearing Rat ios are determined on samples compscted sccord ing ly - otherwise the C B R t e s t and deaign 
procedure are standard 
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F i g u r e 1. Geographic l o c a t i o n of the Piedmont P h y s i o g r a p h i c P r o v i n c e 
i n V i r g i n i a and a s s o c i a t e p a r e n t m a t e r i a l a r e a s . 

F igure 2. L e f t - A irphoto of g r a n i t i z e d s c h i s t . R igh t - dra inage map 
of same a r e a . Narrow o u t c r o p s of g a r n i t i f e r o u s t a l c o s e mica s c h i s t 

c o n t r o l d r a i n a g e l o c a t i o n s A and B. • . 

i s the C e c i l s e r i e s ( 6 ) . L i g h t gray s o i l 
c o l o r tones i n d i c a t e tha t t h i s s o i l i s we l l 
d r a i n e d . I n p l a c e the B - h o r i z o n o f t h i s 
s o i l has a c o a r s e , b l o c k y s t r u c t u r e t h a t 
a c c e l e r a t e s i n t e r n a l dra inage . T l i i s s t r u c - ' 
t u r e i s i m p o r t a n t i n c u t s e c t i o n s . Once 
the s o i l has been remolded, however, good 
drainage no longer e x i s t s . For eng ineer ing 

purposes the C e c i l s o i l s are f a i r l y s t a b l e . 
I f adequate drainage i s provided, pavements 
c o n s t r u c t e d i n these a r e a s should perform 
w e l l . 

H o r n b l e n d e g n e i s s e s and s c h i s t s , a l ­
though c l o s e l y ak in to the g r a n i t i z e d rocks 
have s e v e r a l d i s t i n g u i s h i n g f e a t u r e s . Tliese 
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d a r k - c o l o r e d r o c k s a r e more r e s i s t a n t to 
weather ing , r e s u l t i n g i n numerous outcrops . 
With r e s i s t a n t rock near the s u r f a c e , l o c a l 
r e l i e f i s i n c r e a s e d and a n g u l a r i t y , or 
c o n t r o l , o f the d r a i n a g e p a t t e r n i s i n ­
t e n s i f i e d . S o i l s , a l t h o u g h s h a l l o w , a r e 
more c l a y - l i k e and l e s s e r o s i v e than those 
o f the C e c i l . The most common p e d o l o p i c 
s o i l d e v e l o p e d from t h e s e r o c k s i s the 
Lloyd s e r i e s . I n a d d i t i o n to i t s c l a y - l i k e 
p r o p e r t i e s , L l o y d has s l a b s o f d i s i n t e g r a t e d 
rock i n i t s C - h o r i z o n . T h i s s o i l i s not 
so w e l l d r a i n e d i n t e r n a l l y as the C e c i l , 
thus d a r k e r gray c o l o r - t o n e s r e s u l t on a e r ­
i a l photographs. E x c e p t i n g the e f f e c t s o f 
m o i s t u r e , s o i l s o f the L l o y d s e r i e s a r e 
f a i r l y s t a b l e . T h e r e f o r e the e n g i n e e r i s 
behooved to p r o v i d e adequate d r a i n a g e , so 
the s o i l can he u t i l i z e d to the b e s t a d ­
vantage. 

The a r e a l d r a i n a g e p a t t e r n , s t r u c t u r a l 
c h a r a c t e r i s t i c s , and topograph ic f e a t u r e s 
of quartz mica s c h i s t s are s i m i l a r to those 
o f g r a n i t i z e d p a r e n t m a t e r i a l . However, 
t h e i r chemica l make-up a f f e c t s the degree 
o f w e a t h e r i n g and the w e a t h e r e d p r o d u c t . 

s o i l . S o i l s o f the Madison s e r i e s are the 
most common p e d o l o g i c c a t e g o r y deve loped 
upon t h e s e m i c a c e o u s p a r e n t m a t e r i a l s . 
A l t h o u g h a l m o s t i d e n t i c a l to t h e C e c i l 
s e r i e s , Madison s o i l s are i d e n t i f i e d r e a d i ­
l y by v i s u a l e x a m i n a t i o n , f o r m i c a i s 
abundant throughout the s o i l p r o f i l e . T h i s 
m i c a , f i n e l y d i v i d e d i n both A and B - h o r i -
zons , i m p a r t s a g r e a s y f e e l to the s o i l . 
I n the C - h o r i z o n , l a r g e m i c a f l a k e s and 
weathered or d i s i n t e g r a t e d parent m a t e r i a l 
a r e f o u n d . F i n e l y d i v i d e d m i c a i n the 
p r o f i l e i m p a r t s e l a s t i c i t y and e x p a n s i v e -
ness to the s o i l . These p r o p e r t i e s appar­
e n t l y cause the Madison to be h i g h l y e r o ­
s i v e , a t l e a s t i t i s much more e r o s i v e than 
the C e c i l s e r i e s . E x t r e m e e r o s i o n and 
medium-gray s o i l t ones , as seen on a e r i a l 
p h o t o g r a p h s , d i f f e r e n t i a t e s o i l s o f the 
Madison from t h o s e o f the C e c i l . A d d i ­
t i o n a l l y , Madison s o i l s g i v e the a p p e a r ­
a n c e on p h o t o g r a p h s o f b e i n g " s o f t and 
f l u f f y , " l i k e f r e s h l y s i f t e d f l o u r . (Wind 
blown s i l t h a s t h i s same p e c u l i a r i t y . ) 
L a r k e r c o l o r tones i n d i c a t e these s o i l s to 
be l e s s p e r v i o u s t h a n C e c i l s o i l s . An 

Figure 3. T y p i c a l smooth topography of the C e c i l s o i l s , developed from 
g r a n i t i z e d s c h i s t . The p r e s e n c e of extreme s u r f a c e e r o s i o n would be 

i n d i c a t i v e of Madison s o i l s . 



S3 

Figure 4. S o f t weathered rock exposed in the p r o f i l e of the Lloyd S o i l 
S e r i e s . Poor s u r f a c e d r a i n a g e and c l a y - l i k e s o i l s c a u s e d the edge 

' •' f a i l u r e in the c u r v e . 

F i g u r e 5. L e f t - A i r p h o t o c o v e r i n g an a r e a o f t a l c o s e - m i c a s c h i s t . 
Rock s t r u c t u r e causes the stream to d i v e r t s h a r p l y at A, w h i l e s e v e r e 
e r o s i o n c r e a t e s s u r f a c e s c a r s a t B 

a f f i n i t y to r e t a i n m o i s t u r e and expansive 
p r o p e r t i e s make t h e s e s o i l s u n d e s i r a b l e 
f o r e n g i n e e r i n g p u r p o s e s . L i k e w i s e , i n ­
tense e r o s i o n c a u s e s c a v i n g - i n o f exposed 
embankments and b a c k - s l o p e s . 

R ight - dra inage map of the a r e a . 

Q i l o r i t e - m i c a , t a l c o s e - m i c a , and k y a n i t e 
s c h i s t s a r e i n t e r s p e r s e d w i t h o t h e r r o c k 
m a s s e s o f the P iedmont ( 7 ) . I n most o f 
t h e i r o c c u r r e n c e s these r o c k s form r i d g e s 
t h a t r i s e as much as 150 f t . above s u r -
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rounding t e r r a i n . Always these a r e a s have 
numerous rock o u t - c r o p s and a n g u l a r s u r ­
f a c e f e a t u r e s , e . g . , s p u r r i d g e s , s h a r p 
k n o b s , s t r e a m i m p e d i m e n t s . L i k e w i s e , 
l a r g e r s t r e a m s e x p r e s s marked a n g u l a r i t y 
and c o n t r o l . Both of these f e a t u r e s denote 
a p l a t y and f r a c t u r e d composition o f parent 
f o r m a t i o n s . S m a l l g u l l i e s e g r e s s from 
c r a g g y r i d g e s v i a s h o r t , s t e e p r a v i n e s , 
thence plunge i n t o rocky channe l s of p r i n ­
c i p a l w a t e r c o u r s e s . P e c u l i a r to t h e s e 
r o c k s , g u l l i e s h a v e an u n u s u a l c r o s s -
s e c t i o n which perhaps shou ld he d e s c r i b e d 
as a h r o a d V. However , the s l o p e s have 
some c o n c a v i t y which c a u s e s ro tundness o f 
the V - s e c t i o n . I n c l u d e d among the pedo­
l o g i c s o i l types d e r i v e d from these r o c k s 
i s the L o u i s a - C h a n d l e r - T a l l a d e g a C a t e n a . 
Poth the C h a n d l e r and T a l l a d e g a s e r i e s de­
velop on ly i n h i l l y to mountainous t e r r a i n , 
whereas the L o u i s a deve lops a t lower e l e ­
v a t i o n s , c l o s e l y a s s o c i a t e d w i t h Madison 
s o i l s . L i k e the M a d i s o n , e a c h o f t h e s e 
s o i l s d i s p l a y s a d e f i n i t e greasy p r o p e r t y 
throughout the s o i l . They are d i s t i n g u i s h e d 
from Madison by an absence o f d i s t i n c e pro­
f i l e h o r i z o n s , grad ing from one t e x t u r e to 
another . S o i l s are s u f f i c i e n t l y c l a y - l i k e 
i n t h e i r upper por t ions that p e r c o l a t i o n o f 
water i s re tarded c a u s i n g medium-gray tones. 
L o t h t a l c and f i n e l y d i v i d e d mica i n s t i l l 
e l a s t i c i t y or s p r i n g y n e s s i n the s o i l s , 
probably induc ing the e x t r a o r d i n a r i l y severe 
e r o s i o n observed on a i r p h o t o s . Analogous 
to the Madison, embankments and back s lopes 
f r e a u e n t l y cave i n from e r o s i o n . R e s u l t i n g 
from t h e i r e l a s t i c i t y , these s o i l s w i l l not 
compact e f f e c t i v e l y nor r e t a i n the o r i g i ­

n a l degree o f compact ion . Proper c o n t r o l 
o f mois ture d u r i n g compaction and p r o v i s i o n 
f o r s u r f a c e dra inage w i l l improve the sub­
sequent performance o f pavements. However, 
l o c a t i o n o f h ighways o u t s i d e t h e s e a r e a s 
i s recommended wherever p o s s i b l e . 

F igure 7. An outcrop of laminated garnet -
i f e r o u s ta 1 cose - mica s c h i s t . T h i s rock 
s t r u c t u r e e x e r t s s t r o n g i n f l u e n c e upon 
both l o c a l and r e g i o n a l dra inage p a t t e r n s . 

F i g u r e 6. Topography of a K y a n i t e - s c h i s t 
r i d g e t o w e r i n g a b o v e n o r m a l P i e d m o n t 

' j landscape . 

F i g u r e 8. E r o s i o n of a highway cut i n an 
a r e a of L o u i s a S o i l . A comparable d i s ­
play can be found i n areas of the Madison, 
T a l l a d e g a and C h a n d l e r S e r i e s . A l l are 
h ighly e l a s t i c and greasy, t a l c - l i k e s o i l s . 
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Figure 9. Airphotos of two d i s t i n c t l y d i f ­
f e r e n t g r a n i t e s . L e f t - High quartz rock . 
Right - An a p l i t i c or bas i c rock with broad 
d a r k a r e a s i n d i c a t i v e o f poor i n t e r n a l 
d r a i n a g e . G u l l y s a r e l i n e d by t r e e s i n 
both l o c a t i o n s . 

Granites and Granite Gneisses - The n e x t 
major parent m a t e r i a l type o f the Piedmont 
i n c l u d e s g r a n i t e s and g r a n i t e g n e i s s e s 
w h i c h c o m p r i s e a b o u t 25 p e r c e n t o f the 
p r o v i n c e ( 8 ) . T h ese g n e i s s e s a r e i n t r o ­
duced here r a t h e r than i n the above s e c t i o n 
f o r they r e t a i n many f e a t u r e s o f the u n ­
a l t e r e d g r a n i t e and they develop i d e n t i c a l 
s o i l s . L i k e the p a r e n t m a t e r i a l s them­
s e l v e s , the a s s o c i a t e d a i r p h o t o p a t t e r n s 
have a d e f i n i t e s i m i l i t u d e . T e r r a i n f e a ­
t u r e s and s o i l s a r e d e p e n d e n t upon the 
c h e m i c a l composition o f the p a r e n t mater ­
i a l s . B a s i c and a p l i t i c r o c k s produce low 
u n d u l a t i n g topography and s o i l s w i t h an 
abundance o f e x p a n s i v e s i l t y c l a y , p a r ­
t i c u l a r l y i n the B - h o r i z o n . High q u a r t z 
and b i n a r y r o c k s c r e a t e h i l l y and some­
t i m e s m o u n t a i n o u s t o p o g r a p h y and sandy 
s o i l s . G u l l i e s hove broad, V-shaped c r o s s -
s e c t i o n s but rounded bottoms. A l s o , i n t e r -

Figure 10. L e f t - Airphoto of grani te area and q u a r t z i t e (under sharp ly 
c r e s t e d r idge to r i g h t of a r e a ) . R i g h t - Drainage map. P a t t e r n e l e -
, . . . ments for g r a n i t e at B and for q u a r t z i t e at C . 
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F i g u r e 11. L e f t - A i r p h o t o of g r a n i t e g n e i s s and a s c h i s t . Streams 
dev ia te a b r u p t l y a t boundaries of gne i s s - l o c a t i o n s A and B. Contour 
plowing and t e r r a c i n g a t C . R i g h t - Drainage map. Shaded area i n d i -

ij • c a t e s s c h i s t . 

s t r e a m d i v i d e s have n a r r o w b u t r o u n d e d 
c r e s t s . These t e r r a i n f e a t u r e s become more 
rotund on the s o f t e r r o c k s . I n more moun­
t a i n o u s s i t u a t i o n s , g u l l i e s a r e d e c i d e d l y 
V-shaped and i n t e r s p e r s e d f o r e s t e d r i d g e s 
are s h a r p l y c r e s t e d . Areas o f more subdued 
topography a r e i n t e n s e l y c u l t i v a t e d w i t h 
the e x c e p t i o n o f g u l l y b o t t o m s - t h e s e a r e 
shrouded by v e g e t a t i o n to prevent e r o s i o n 
of the parent m a t e r i a l . S o i l s der ived from 
these g r a n i t i c m a t e r i a l s are product ive and 
o f t e n are s u i t a b l e for r a i s i n g b r i g h t - l e a f 
tobacco. The a r e a l p a t t e r n of f i e l d s thus 
c u l t i v a t e d i s a s t r i k i n g e l e m e n t w h i c h 
a s s i s t s i n d e l i n e a t i n g p a r e n t - m a t e r i a l 
boundaries . S o i l s from a c i d i c (high quartz 
and b i n a r y ) g r a n i t e s are qu i te porous, thus 
c a u s i n g l i g h t - g r a y or w h i t e s o i l c o l o r 
tones . B a s i c and a p l i t i c parent m a t e r i a l s 
develop expansive s i l t y c l a y s o i l s that are 
o n l y m o d e r a t e l y p e r v i o u s , thus r e s u l t i n g 
i n darker s o i l c o l o r tones. P r i n c i p a l d i f ­
f e r e n c e s i n the a i rphoto p a t t e r n s o f a 
g r a n i t e and a g r a n i t e gne i s s are land forms 
and r e g i o n a l - d r a i n a g e p a t t e r n s . Both o f 
t h e s e d i f f e r e n c e s stem from a l a m i n a t e d 
s t r u c t u r e i n the g n e i s s , but l o c a l l y even 
these f e a t u r e s are s i m i l a r . G r a n i t e s have 
a combination r a d i a l and d e n d r i t i c reg iona l 
dra inage p a t t e r n . S i n c e the parent mater­
i a l s occur as i n t r u s i v e dome-shaped masses 
s treams r a d i a t e from the c e n t r a l p o r t i o n s . 
However, u n i f o r m i t y o f the parent m a t e r i a l 
c a u s e s l o c a l w a t e r s h e d s to be d e n d r i t i c . 

hence the compound system. Near the border 
of a g r a n i t e i n t r u s i o n streams are a f f e c t e d 
by c o n t r a s t i n g rock types , thus , f r e q u e n t l y 
annular dra inage p a t t e r n s are e s t a b l i s h e d . 
T h i s a n n u l a r i t y i s i n d i c a t i v e t h a t some 
marked s t r u c t u r a l f e a t u r e p r e v a i l s a t the 
c o n t a c t . S i n c e l a n d f o r m s a r e d e v e l o p e d , 
at l e a s t i n p a r t , by e r o s i o n , they must be 
i n t e r r e l a t e d to the s t ream s y s t e m . Thus 
t e r r a i n f e a t u r e s o f g r a n i t e accen t u a t e the 
l i t h o l o g i c s i g n i f i c a n c e o f the d r a i n a g e 
p a t t e r n . 

C o n t r a s t i n g the landforms and r e g i o n a l -
drainage p a t t e r n o f g r a n i t e gne i s s to those 
of u n a l t e r e d g r a n i t e , one n o t i c e s a decided 
p a r a l l e l i s m . A s t ream sys tem a s s o c i a t e d 
wi th these metamorphic rocks w i l l vary from 
a s u b p a r a l l e l to t r e l l i s p a t t e r n . C o n s i s ­
t en t w i t h t h i s d r a i n a g e sys tem, the topo­
g r a p h i c f e a t u r e s a r e p a r a l l e l e l o n g a t e d 
r i d g e s between w a t e r c o u r s e s . One p e c u l i a r 
f e a t u r e o f the d r a i n a g e s y s t e m s i s i d e n ­
t i c a l f o r both g r a n i t e and g r a n i t e g n e i s s -
s m a l l f i e l d g u l l i e s merge a s t a n g e n t i a l 
a r c s , t h u s p r o d u c i n g a d i s t i n c t i v e c u r ­
v i l i n e a r appearance. 

G r a n i t i c r o c k s d e v e l o p s e v e r a l s o i l 
types , depending upon chemical composi t ion 
and topographic s i t u a t i o n . P e d o l o g i c a l l y , 
r e s i d u a l s o i l s i n c l u d e the Durham, Appl ing , 
P o r t e r s , and Ashe s e r i e s from h i g h - q u a r t z 
and b i n a r y r o c k and o c c a s i o n a l l y some o f 
the H e l e n a s e r i e s from b a s i c and a p l i t i c 
r o c k . ( 9 ) Durham and A p p l i n g s o i l s , i n 
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t h a t o r d e r , a r e about the most p e r v i o u s 
s o i l s i n the P i e d m o n t . l o p o g r a p h i c a l 1 y 
they are s i t u a t e d on r o l l i n g to h i l l y t e r ­
r a i n and t h e i r p r o f i l e s a r e composed o f 
sandy s i l t t o p s o i l , a sandy s i l t - c l a y B -
h o r i z o n , and d i s i n t e g r a t e d g r a n i t e (con­
t a i n i n g much quartz sand) i n the C - h o r i z o n . 
Good i n t e r n a l p e r m e a b i l i t y and gradat ion of 
p a r t i c l e s i z e s make these s o i l s d e s i r a b l e 
for s u b g r a d e and f o r s e l e c t b o r r o w , i n 
some l o c a t i o n s . As t e s t i m o n y f o r t h e i r 
q u a l i t y , d u r i n g the 1948 s p r i n g b r e a k u p 
survey the performance of 42 percent o f the 
pavements i n t h e s e s o i l a r e a s was good. 
T h a t s u r v e y d i d n o t s u b d i v i d e g r a n i t i c 
s o i l s but the Appl ing S e r i e s predominated. 
P e r h a p s the most d e t r i m e n t a l f e a t u r e o f 
these two s o i l s i s tha t o f e r o s i o n . "ITieir 
sandy t e x t u r e and t o p o p r a p h i c p o s i t i o n 
s t i m u l a t e a c t i v e g u l l y i n g , t h e r e f o r e e r o ­
s ion of banks and s lopes can be a n t i c i p a t e d 
i n a d v a n c e . E n t i r e l y d i f f e r e n t from the 
above ment ioned s o i l s , the H e l e n a s e r i e s 
a r e i m p e r v i o u s , d a r k - c o l o r e d s o i l s . I n 
t h e i r p r o f i l e H e l e n a s o i l s have a d e n s e -
c l a y E - h o r i z o n a b o u t 2 f t . t h i c k , w h i c h 
r e s t r i c t s p e r c o l a t i o n and h o l d s absorbed 
m o i s t u r e . T h i s w e t n e s s c a u s e s the d a r k 
s o i l c o l o r t o n e s ment ioned i n the f i r s t 
p a r a g r a p h o f t h i s s e c t i o n . T h e s e s o i l s 
occupy low, f l a t to gent ly undu la t ing topog­
raphy. Pavements p l a c e d upon these s o i l s 
have p e r f o r m e d p o o r l y , p a r t i c u l a r l y i n 
sha l low c u t s or where the p - h o r i z o n i s i n ­
t e r s e c t e d . P o r t e r s and A s h e s s e r i e s a r e 
found o n l y i n mounta inous l o c a l i t i e s and 

F i g u r e 13. S o i l p r o f i l e of the A p p l i n g 
S e r i e s . P i c k i s d r i v e n a t the top of the 
B - h o r i z o n . S m a l l s h r i n k a g e c r a c k s a r e 
e v i d e n t near h a n d l e . S o i l s t r u c t u r e ex ­

p e d i t e s p e r c o l a t i o n , . 

a r e w e l l d r a i n e d t o p o g r a p l i i c a l 1 y and i n ­
t e r n a l l y . Pavements i n these areas appear­
ed to perform w e l l d u r i n g the 1948 s u r v e y . 
Our a i r p h o t o work h a s n o t i n v o l v e d t h e s e 
s o i l s as ye t ; t h e r e f o r e , f u r t h e r s tudy i s 
n e c e s s a r y b e f o r e a i r p h o t o p a t t e r n s can be 
c o r r e l a t e d w i t h the s o i l c h a r a c t e r i s t i c s . 

Some a r e a s o f b i n a r y g r a n i t e or g r a n i t e 
g n e i s s produce a s o i l c l a s s e d as W i l k e s . 
The W i l k e s r e p r e s e n t s a phase r a t h e r than 
a s o i l s e r i e s . I n these a r e a s a f r i a b l e , 
e l a s t i c micaceous m a t e r i a l extends from the 
ground s u r f a c e to s o l i d r o c k . T h i s ma­
t e r i a l u s u a l l y h a s a d a r k - g r a y c o l o r . 
E r o s i o n o f t h i s s o i l i s a t r o c i o u s and t h i s 
c h a r a c t e r i s t i c , e a s i l y n o t e d on a e r i a l 
photographs, i s the i d e n t i f y i n g c l u e to the 
s o i l type. As one would surmise , t h i s s o i l 
i s v e r y poor f o r e n g i n e e r i n g p u r p o s e s . 

Figure 12. E x c e l l e n t performance of a h igh­
way i n a g r a n i t i c s o i l area - the A p p l i n g 

S e r i e s . 

F i g u r e 14. T o p o g r a p h i c b r e a k be tween 
Herndon and Davidson S o i l s . Herndon always 

a r e s i t u a t e d l o w e s t . 
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Figure 15. E r o s i o n of t y p i c a f Herndon s o i l 
p r o f i l e . Dark c o l o r and s h r i n k a g e c r a c k s 
i n d i c a t e c l a y - l i k e p r o p e r t i e s of B - h o r i z o n 
above the p o i n t i n d i c a t e d - C - h o r i z o n i s 

be 1ow. 

5Zates - S l a t e s are developed from metamor­
phosed, a n c i e n t , f i n e l y gra ined sediments -
some b e i n g c l a s s e d as s i l t s t o n e or a r g i l -
l i t e ( 1 0 ) . I n V i r g i n i a a r e two m a j o r 
o c c u r r e n c e s o f s l a t e , both s o u t h - c e n t r a l l y 
l o c a t e d . One i s i n the V i r g i l i n a S t a t e 
B e l t , wh ich compri ses a system o f s l a t e s , 
a p o r h y o l i t e and g r e e n s t o n e . Another n a r ­
row b e l t , l o c a t e d i n B u c k i n g h a m C o u n t y 
about 40 mi . nor th o f the f i r s t group, i n ­
c l u d e s some hard m a s s i v e f o r m a t i o n s . H ie 
p r i n c i p a l d i f f e r e n c e b e t w e e n t h e s e two 
formations i s the degree o f hardness , which 
a f f e c t s t h e i r a i r p h o t o p a t t e r n s . S l i g h t l y 
h i g h e r and more r o l l i n g topography i s no­
t i c e d i n t h e n o r t h e r n s e c t i o n . O t h e r 
elements o f the a i rphoto p a t t e r n s are a l i k e 
for both a r e a s . 

T e r r a i n f e a t u r e s and s t r e a m c r o s s -
s e c t i o n s a r e broad and smoothly rounded; 
stream grad ien t s are un i formly f l a t . Tliese 
c h a r a c t e r i s t i c s a r e i n d i c a t i v e o f the s o f t , 
un i form parent m a t e r i a l s and r e s i d u a l c l a y 
s o i l s . S t r u c t u r e o f t h e s e metamorphosed 
sediments , wJiich u s u a l l y are laminated v e r ­
t i c a l l y , has d e c i d e d i n f l u e n c e upon a r e a l 
d r a i n a g e p a t t e r n s . S t r e a m s , f o l l o w i n g 
s t r i k e f e a t u r e s o f the u n d e r l y i n g s l a t e , 
form s u b p a r a l l e l to s u b t r e l l i s p a t t e r n s , 
dependent upon r e g i o n a l s l o p e . Small g u l ­
l i e s may pursue t h e i r courses independently 
o f r o c k s t r u c t u r e , t h u s e s t a b l i s h i n g a 
d e n d r i t i c l o c a l p a t t e r n . Wetness and u n ­
p r o d u c t i v e n e s s o f the s o i l s have i n d u c e d 

property owners to leave the land f o r e s t e d . 
However, where c l e a r e d f i e l d s a r e observed 
one c a n p r e d i c t t h e i m p e r v i o u s and wet 
s o i l c o n d i t i o n on the s t r e n g t h o f u n i f o r m 
d a r k c o l o r t o n e s . I n c u l t i v a t e d f i e l d s 
d i t c h i n g i s r e q u i r e d to e x p e d i t e s u r f a c e 
r u n o f f ; these t r e n c h e s a r e e v i d e n t on the 
photographs. 

Hie pedologic s o i l s developed upon s l a t e 
p a r e n t m a t e r i a l s a r e the G J e o r g e v i l l e , A l -
mance and Herndon S e r i e s , grad ing from the 
most p o r o u s to the l e a s t p o r o u s . S m a l l 
a r e a s u n d e r l a i n by b l a c k g r a p h i t i c s l a t e s 
s h o u l d be mapped as H e l e n a s e r i e s ; t h e s e 
a r e a s a lways a r e low and swampy. George-
v i l l e s o i l s a r e the h i g h e s t o f the group 
t o p o g r a p h i c a l l y . I n a d d i t i o n , they a r e 
more s i l t y and are un i form throughout to a 
depth o f about f i v e f e e t ; h e r e s l a b s o f 
s o f t w e a t h e r e d s l a t e a r e e n c o u n t e r e d . A 
f i n e c u b i c a l s t r u c t u r e induces g r e a t e r p e r ­
m e a b i l i t y than r o u t i n e e n g i n e e r i n g - c l a s s i ­
f i c a t i o n t e s t s i n d i c a t e . Both the Herndon 
and A l a m a n c e s e r i e s a r e l o c a t e d i n low 
t o p o g r a p h i c s i t u a t i o n s . T h e i r s o i l p r o ­
f i l e s are sha l low, for s l a t e i s found w i t h ­
i n 3 f t . o f the s u r f a c e . I n t h i s p r o f i l e 
the B - h o r i z o n i s q u i t e p l a s t i c . Even more 
p l a s t i c and l e s s p e r v i o u s s o i l s a r e i n ­
c l u d e d i n the H e l e n a s e r i e s . T h i s s o i l 
s e r i e s , l i k e the Herndon and Alamance, has 
a d i s t i n c t but sha l low p r o f i l e . 

Pavements c o n s t r u c t e d i n s l a t e a r e a s 
have not g iven good performance. Low sub-
grade support i s p r e v a l e n t f o r the subgrade 

• • • • • • • • 
Figure 16. Deep uni form p r o f i l e of Dav id ­
son S o i l i n f o r e g r o u n d . C o n t r a s t a t the 
second p o s t i n d i c a t e s change to Herndon 

S o i l . 



s o i l s a r e s u s c e p t i b l e t o w a t e r . T h i s 
q u a l i t y i s e x p r e s s e d by wavy c e n t e r l i n e s , 
rough p a v e m e n t s , a l l i g a t o r c r a c k i n g and 
subgrade f a i l u r e s . These s o i l a r e a s r e ­
q u i r e s p e c i a l c o n s i d e r a t i o n s compared to 
s u c h s o i l s a s the Durham, A p p l i n g , and 
C e c i l s e r i e s . 

Aporhyolite - Found i n the V i r g i l i n a S l a t e 
B e l t i s a m a t e r i a l that has been c l a s s i f i e d 
as a p o r h y o l i t e . As the name i m p l i e s , t h i s 
s u b s t a n c e was developed by the a l t e r a t i o n 
o f r h y o l i t i c l a v a s . T>ie parent m a t e r i a l s , 
e i t h e r h a v i n g no s i g n i f i c a n t s t r u c t u r e or 
l o s i n g i t d u r i n g w e a t h e r i n g , a r e l e a c h e d 
d e e p l y and u n i f o r m l y . T h i s u n i f o r m i t y 
o f p a r e n t m a t e r i a l and s o i l p e r m i t s a 
d r a i n a g e sy s t em to s e l e c t i t s own c o u r s e 
w i t h o u t s t r u c t u r a l c o n t r o l . T h u s , t h e 
a r e a l dra inage p a t t e r n can be d e s c r i b e d as 
a d e n d r i t i c s y s t e m . M a t u r e l y d i s s e c t e d 
s o i l s from the a p o r h y o l i t e s have a some­
what h i g h e r topograph ic p o s i t i o n than the 
a d j o i n i n g s l a t e s , w i th h i l l s c r e a t i n g l o c a l 
d i f f e r e n c e s i n e l e v a t i o n o f about 30 f t . 
Deep, uni form, c l a y - l i k e s o i l s are r e f l e c t e d 
by the t e r r a i n c h a r a c t e r i s t i c s . I n t e r -
stream d i v i d e s are wide and smoothly round­
e d . G u l l i e s a r e l o n g w i t h u n i f o r m f l a t 
g r a d i e n t s and s h a l l o w , r o t u n d c r o s s - s e c -
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t i o n s . Most o f t h i s l o c a l e i s d e n s e l y 
f o r e s t e d , but where f i e l d s a r e c l e a r e d 
s o i l c o l o r tones range from medium to l i g h t 
gray , i n d i c a t i n g good i n t e r n a l dra inage o f 
the r e s i d u a l s o i l s , which a r e the Davidson 
s e r i e s . L o c a l l y , s u r f a c e e r o s i o n o f these 
s o i l s appears as a white s c a r on the photo­
graphs; t h i s f e a t u r e i s p a r t i c u l a r l y n o t i c e ­
able a long the boundary between a p o r h y o l i t e 
and an a d j a c e n t m a t e r i a l which has an im­
perv ious r e s i d u a l s o i l , such as I r e d e l l or 
Herndon. Davidson s o i l s a r e c h a r a c t e r i s ­
t i c a l l y u n i f o r m beneath the A - h o r i z o n to 
great depths. T^iey are e l a s t i c s i l t y c l a y s 
t h a t become tempermental a t c e r t a i n moi s ­
ture c o n t e n t s . When moist they may d i s p l a y 
a "rubbery" q u a l i t y under compaction e q u i p ­
ment. TTi is q u a l i t y can reduce the e f f e c ­
t i v e d e g r e e o f c o m p a c t i o n c o n s i d e r a b l y , 
thus c r e a t i n g e x c e s s vo id space to be s a t ­
u r a t e d l a t e r . S u r f a c e d r a i n a g e i s imper­
a t i v e i n these s o i l areas . 

Greenstone - A s s o c i a t e d w i t h s l a t e and 
a p o r h y o l i t e i n the V i r g i n i l i n a S l a t e B e l t 
i s another parent m a t e r i a l , commonly c a l l e d 
g r e e n s t o n e . T h i s i s a g r e e n - c o l o r e d p r o ­
duct o f a l t e r e d v o l c a n i c r o c k s . Greenstone 
i s n o t c o n f i n e d t o t h e s l a t e b e l t f o r 
o t h e r o c c u r r e n c e s a r e even more s i g n i f i -

F i g u r e 17. L e f t - A i r p h o t o of s c h i s t and hornblende-gabbro . (Gabbro 
area i s c l e a r e d . ) R i g h t - Dra inage map of same a r e a . Swampy s tream 

bottoms are shaded. 
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F i g u r e 18. A i r p h o t o s o f h o r n b l e n d e gabbro i n t h r e e w i d e l y s c a t t e r e d 
c o u n t i e s t o show g e n e r a l s i m i l a r i t i e s . 

cant (11). This rock is the backbone of 
the northern Flue Ridge and i s responsible 
for a number of prominent ridges in north-
centra] V i r g i n i a . Cn the ridges durable 
rock i s very close to the surface and i s 
suitable for crushed stone. In the slate 
be l t , however, weathering i s deeper and 
only s o f t , weathered rock i s found near 
the surface. Here topography i s subdued 
but higher than the nearby aporhyoli te . 

Where r e s i s t an t ridges d i c t a t e , the 
landscape watercourses r e f l e c t the i n ­
fluence of rock, but local drainage pat­
terns appear u n c o n t r o l l e d , d e n d r i t i c . 
Residual soils are identical with those of 
the aporhyolite, the Davidson series pre­
v a i l i n g . Thus, local drainage patterns, 
gully shapes and gradients, soils and soil 
color tones, and agricultural practices of 
rran are analogous. Likewise, associated 
engineering characteristics are the same. 
In f ac t , so i l s derived from greenstones 
are singularly uniform. 

Dark-Colored Igneous Intrusive Rocks -

Scattered throughout the Virginia Piedmont 
are small areas of basic igneous intrusive 
rocks, such as d ior i te , diabase, hornblende-
gabbro, soapstone, c h l o r i t e sch is t and 
associated rocks. Within any one of these 
parent material areas uniform, c l a y - l i k e 
so i l s are instrumental i n developing a 
surface expression normally consisting of 
smooth, low, undulat ing watersheds and 
broad, shallow stream channels. Physio-
graphically these so i l areas may have the 
s i t u a t i o n of a lowland wi th respect to 
surrounding parent materials. In each i n ­
stance the areal drainage pattern is den­
d r i t i c wi th gu l l i e s curving to merge at 
narrow angles, similar to those of granite. 
Individual watercourses, separated by broad, 
f l a t interstream divides that provide an 
open, or sparce, drainage pat tern , have 
broad, shallow cross-sections and f l a t 
gradients. Occasionally a channel w i l l 
widen, and an elongated swamp w i l l occupy 
the gully bottom. In these parent material 
areas residual soils are too impervious for 
most agr icul tural pursuits; however, they 
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are adapted to dairy farming. Thus, open, 
cleared pasture-land t y p i f y these parent 
materials, and the extensive clearing pre­
sents a s t r i k i n g cont ras t to adjacent 
forested areas associated with schist and 
other Piedmont formations. These open 
f i e ld s have overall dark soi l color tones 
which r e f l e c t the impervious nature of 
underlying so i l s ; actually the B-horizon 
is h igh ly impervious, thus causing the 
ground to be wet almost continually. Soils 
derived from these basic rocks include 
I r e d e l l , Helena, and Mecklenburg series. 

A l l o f these so i l s are poorly drained 
externally as well as in te rna l ly ; but the 
Mecklenburg so i l s are si tuated somewhat 
higher topographica l ly , thus runo f f i s 
s l i g h t l y accelerated. This higher si tua­
tion has been conducive to deeper oxidation 
of the Mecklenburg, resul t ing in a deeper 
and s i l t i e r soil p ro f i l e . Also this higher 
topographic s i tua t ion , which may be only 
several feet i n magnitude, d i f fe ren t ia tes 
th i s s o i l from i t s associates. Usually 
the Helena series is derived from a chlor­

i t e schist, soapstone, or graphitic slate, 
and these parent materials have a structure 
that i s conducive to a subparallel stream 
pat te rn . I f so, t h i s feature w i l l de­
lineate the Helena from the I r ede l l . Mem­
bers of th i s so i l catena have a sandy A-
horizon, an impervious B-horizon and a C-
horizon of weathered disintegrated parent 
material. With one exception the C-horizon 
materials are fr iable and sandy, the Helena 
have an e las t ic , moderately f r i a b l e s i l t y 
clay m a t e r i a l . Moisture permeates the 
clay-pan slowly where i t then i s retained 
for long periods. Upon drying, the clay-pan 
develops large shrinkage cracks which 
indicate high volume change. Pavements 
placed upon this clay suf fe r almost con­
tinuous fai lures , singularly severe during 
summer months when most roads are at their 
best. However, i n the I r ede l l and Meck­
lenburg soils sandy parent material i s en­
countered under the clay-pan. Pavements 
placed upon th i s sandy s o i l perform ex­
c e l l e n t l y . S i g n i f i c a n t performance i s 
observed i n cut-sections, fa i lu res always 

1 

F i g u r e 19. S t e r e o s c o p i c a e r i a l p h o t o g r a p h showing c o n t a c t o f a p o r h y o -
l i t e ( l a p ) and h o r n b l e n d e gabbro ( I d g ) . 
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F i g u r e 20. R e l a t i v e t o p o g r a p h i c s i t u a t i o n 
o f D a v i d s o n and I r e d e l l S o i l s , seen a t the 
a r r o w i n F i g u r e 18. D a v i d s o n S o i l s com­

p r i s e t h e f o r e s t e d r i s e . 

F i g u r e 2 1 . P r o f i l e o f I r e d e l 1 So i 1 . Large 
s h r i n k a g e c r a c k s i n d i c a t e e x p a n s i v e c l a y 
i n the B - h o r i z o n (between p o i n t e r s ) . Below 

i s t h e s andy C - h o r i z o n . 

occur at the intersection of the B-horizon 
but not i n the sandy C-horizon. Logically, 
t r a f f i c and pavement designs may modify 
this picture s l igh t ly . 

Triassic Lowlands - At one period during 
geologic time, the Triassic period, sec­
tions of the Piedmont were down-faulted 
and inundated causing shallow inland bodies 
of water (12,13). These basins subsequently 
were f i l l e d by sediments washed i n from 
the adjacent Piedmont upland. Occasionally 

the basal member w i l l be a conglomerate, 
cemented by calcium carbonate, and l y i n g 
above this w i l l be many beds of shale and 
sandstone. Locally intercallated with the 
sedimentary formations, may be found beds 
which represent volcanic f lows. Then at 
some more recent time these formations were 
in t ruded by dykes and stocks of basic 
magma which did not reach the surface, 
hence the name "trap rock. " Subsequent 
u p l i f t i n g , t i l t i n g and eroding have had 
marked influence upon the development of 
surface features and stream systems. Soft 
sedimentary s t ra ta have eroded r ead i ly , 
creating f l a t to gently undulating topog­
raphy. These sof t rocks were reduced more 
rapidly than the intrusive igneous bodies; 
this trap rock creates low, broad h i l l s or 
ridges. This diabase material i s similar 
in every way, except i n age and topographic 
situation relative to surrounding materials, 
to other basic in t rus ive bodies scattered 
throughout the Piedmont Province; residual 
so i l s are i d e n t i c a l . The areal drainage 
pattern in Triassic Lowlands is affected by 
type and inc l ina t ion of parent formations. 
T i l t e d s t ra ta cause a general t r e l l i s e d 
appearance of stream systems. To be cor­
rect, this stream pattern might he described 
as subt re l l i s to subparallel, except where 
streams encounter sandstone and trap rock; 
the harder material causes abrupt deviation 
of stream channels. 

G u l l i e s developed i n shale meander 
noticeably along their courses, but p r inc i -

F i g u r e 22 . P e r f o r m a n c e o f pavement i n an 
a rea o f I r e d e l l . F a i l u r e s a lways occur on 

B - h o r i z o n ; none on C - h o r i z o n . 



63 

4 

F i g u r e 23 . A i r p h o t o o f T r i a s s i c L o w l a n d s . Sha les p r e d o m i n a t e . Beds 
d i p wes tward w i t h about t h i r t y degree i n c l i n a t i o n . Thus s t r eam systems 

d i s p l a y p a r a l l e l i s m . 

F i g u r e 2 4 . E x p o s u r e o f t i l t e d T r i a s s i c 
s t r a t a - v o l c a n i a r o c k i n t e r c a 1 1 a t e d w i t h 

• s e d i m e n t s . 

pal watercourses fo l low bedding planes. 
Gullies have broad, shallow cross-sections 
and f l a t , uniform gradients; interstream 
divides have low, rotund p r o f i l e s . EJoth 
of these features are indica t ive of s o f t 
parent material and clay so i l s . In addi-

F i g u r e 25. Topography o f T r i a s s i c Lowland 
viewed f r o m the Piedmont u p l a n d . The f i r s t 
b r e a k i n s l o p e o b s e r v e d a l o n g t h e r o a d 
i n d i c a t e s the b e g i n n i n g o f G r a n v i l l e S o i l s . 

F o r e g r o u n d s o i l s a re C e c i l S e r i e s . 

t i o n , dark s o i l color tones indicate low 
permeability of the soils. 

The presence of sandstone gives rise to 
low, elongated ridges, to V-shaped gul ly 
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F i g u r e 2 6 . F l a t t e r r a i n o f W a d e s b o r o 
s o i l s . Wet subgrade has caused the r u t t i n g 
w h i c h i s e v i d e n c e d by a wavy c e n t e r l i n e . 

i 4 

not necessitated delineation of a l l these 
soi ls , but several of them are easily de-
cernible. Granville soils occupy low, f l a t 
t e r r a i n tha t i s unde r l a in , at shallow 
depths, by argillaceous shale. Found i n 
r o l l i n g s i tuat ions , the Bucks series de­
velops smooth r o l l i n g topography; t h i s 
smoothness r e f l e c t s c l a y - l i k e so i l s and 
parent shales. The Whitestore is situated 
higher topographically than the Bucks, and 
is developed from sof t sandstone and some 
arenaceous shales. Closely associated with 
Whitestore soi ls , and at even higher topo­
graphic situations, i s the Wadesboro series. 
Hie Wadesboro develop upon ridges composed 
of sandstone, arenaceous shale, conglomer­
ate, and igneous rock (which probably rep­
resents an in te rca la ted volcanic f l o w ) . 

Internally, these various soils have low 
permeability; they have good surface drain­
age only i f their topographic si tuation i s 
suitable. Thus, prevailing clay-l ike soils 
and l i t t l e surface drainage create undesir­
able subgrade conditions. Pumping of r i g i d 
pavements and base or subgrade fai lures of 
f l ex ib l e pavements are some of the common 
ailments .of highways located i n the T r i -
assic Lowlands. 

F i g u r e 2 7 . L a n d s c a p e o f G r a n v i l l e and 
Wadesboro S o i l s . Wadesboro a re f o u n d on 
the p r o m i n e n t r i d g e , G r a n v i l l e i n the f o r e ­

g r o u n d . 

cross-sections and to sharp deviations in 
the courses of streams. I f the rock i s 
quite hard, the ridges probably w i l l be 
timber-covered. Frequently, s o f t sand­
stones are encountered, and they are de­
lineated only on the basis of so i l color 
tones and, with luck, a s l ight rise in the 
ground surface. Residual soils from sand­
stone are much more porous than those of 
shale. Thus i f a white streak is observed 
on an airphoto, by correct evaluation of 
a l l elements one can determine whether or 
no t i t r e p r e s e n t s sandstone. 

The description of pedologic soi ls de­
veloped in Triassic Lowlands usually i n ­
clude several parent materials, probably a 
result of interbedded strata. Common soils 
are Penn, Lansdale, Bicks, Granville, White-
store, and Wadesboro series. Our work has 

F i g u r e 28. Poor p e r f o r m a n c e o f a pavement 
p l a c e d upon c l a y - l i k e s o i l s o f t h e Bucks 
S e r i e s . Clay sha les and m o i s t u r e have t h i s 
d e t r i m e n t a l e f f e c t u n l e s s a h i g h l e v e l 

p r o f i l e i s e m p l o y e d . 
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SUMMARY 

I d e n t i f i c a t i o n of s o i l s by airphoto 
in terpre ta t ion i s based upon the premise 
that any given parent m a t e r i a l in one 
c l i m a t i c be l t and in s i m i l a r topographic 
s i t u a t i o n s w i l l weather to produce the 
same s o i l and that the p r o p e r t i e s of a 
given s o i l in f luence the development of 
I t s surface features, natural or man-made. 
In mapping d i f f e r e n c e s observed upon an 
aeria l photograph one should be delineating 
d i f f e r e n t s o i l types . I n the Piedmont 
s o i l s are very complex, j U s t as are the 
parent mater ia ls . A close i n t e r r e l a t i o n ­
ship e x i s t s which must be considered i f 
the s o i l s are to be d i f f e r e n t i a t e d ade­
quately. Our work has progressed for only 
a short time, but these applications have 
ind ica ted a d e f i n i t e c o r r e l a t i o n e x i s t s 
between reoccurr ing s o i l s and the ir a i r ­
photo patterns, even though the areas are 
widely separated. Much work trust be done 
in actual correlating and checking a number 
of s o i l types and the ir airphoto patterns 
before this method can be extended; however, 
to date c e r t a i n f e a t u r e s are obvious . 

OCNCLUSI(»(S 

1. Piedmont parent mater ia l s can be 
identif ied and mapped by the interpretation 
of a e r i a l photographs even though t h e i r 
o c c u r r e n c e be complex and i n t e r m i x e d . 

2. S o i l types, as well as parent ma­
t e r i a l s , have de f in i t e features which are 
obvious on aerial photographs and which are 
s ignif icant in their segregation. 

3. Hie s o i l s are related to their par­
ent m a t e r i a l s , but a given s o i l type may 
be found in several d i f f e r e n t parent ma­
ter ia l areas. 

4. More than one s o i l type might be 
found i n a s i n g l e parent -mater ia l area . 

5. Parent materials alone do not pro­
vide a complete p ic ture of the extent of 
so i l types. One must delineate so i l types 
within major parent materials areas before 
the engineering charac ter i s t i c s associated 
with a s o i l prov ince can be u t i l i z e d . 

6. The performance of pavements i s 
related to the s o i l types, and therefore, 
the s o i l s must be mapped to accomodate 

s i g n i f i c a n t di f ferences other than parent 
material borders. 

7. Although mapping done from a e r i a l 
photographs does not include the d e t a i l 
one f inds on a C l a s s - I a g r i c u l t u r a l s o i l 
survey map, i t does group the s o i l s into 
s ign i f i cant major areas, from an engineer­
ing materials standpoint. 

8. Work completed so far demonstrates 
f e a s i b i l i t y of this mapping technique, and 
with addit ional work a greater number of 
the s o i l types found in the Piedmont can 
be mapped. Once a irphoto pa t t erns are 
e s t a b l i s h e d and c o r r e l a t e d , a s s i s t a n t s 
could be trained and engineering so i l maps 
could be developed on an areal basis. 

9. Maps could be prepared by graduate 
students as thes i s projec t s and would be 
combined to provide coverage for the V i r ­
ginia Piedmont. 

10. Further work i n other areas would 
make possible the publication of an engi­
neering s o i l manual of the e n t i r e s ta te . 
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M A P P I N G O F G E O L O G I C F O R M A T I O N S B Y T H E 
A P P L I C A T I O N O F A E R I A L P H O T O G R A P H Y 

W i l l i a m F . Browning, J r . , Research Assistant 
Virginia Council of Highway Investigation and Research 

SYNOPSIS 

Previously generalized parent-material areas have been mapped success fu l ly 
by the application of a e r i a l photographs. This project i s unique in that geo­
logic formations have been mapped by this method. 

This paper describes the geologic mapping of an area in the Ridge and Valley 
Province of centra l Augusta County, V i r g i n i a The rocks are of sedimentary 
o r i g i n with a few igneous i n t r u s i v e s , shale , limestone, and sandstone being 
the predominant rock types. The formations are of late Cambrian and Ordovician 
age. Some of the limestone formations have a high calcium content, with l i t t l e 
impurities; others contain much chert and argilaceous material . For this reason 
separation of these formations was desirable . 

Key formations with known physical c h a r a c t e r i s t i c s and chemical composition 
produced d i s t i n c t i v e airphoto pat terns , the r e p e t i t i v e nature of which made 
possible the delineation of each formation. As an example, one formation con­
tained much chert; upon weathering kno l l s and rounded h i l l s resu l ted . These 
features stood out from surrounding topography maki ng the formation easy to 
trace . Another formation high in calcium was found to occupy low topography. 
This too was delineated. By knowing the re la t ive posit ion of these key forma­
tions in s trat igraphic sequence other formations thus f e l l into place. 

Representative samples of s o i l s and aggregates were obtained and routine 
tests were performed. Results of these tests were tabulated so that the extent 
of formations containing both suitable and unsuitable materials would be known. 

This paper describes the procedure, methods, and r e s u l t s of the application 
of a e r i a l photography to geologic mapping. The successful application of th i s 
technique has been proven. I t s extension to other areas i s indicated. 

Since the year 1858 when the f i r s t aer- way performance studies, t r a f f i c studies , 
l a l photograph was taken (22), aer ia l pho- l o c a t i o n o f dams and r e s e r v i o r s i t e s , 
topography has contributed much to the ad- drainage and watershed problems, i r r i g a -
vancement of science and industry. A i r - tionnl projects, c i ty and regional planning, 
photos were used by the U . S . Coast and A e r i a l photographs have been used to 
Geodetic Survey as e a r l y as 1920. Soon some extent in geology for determining 
a f t e r t h i s the United Sta tes Geological s t r u c t u r a l features (16) ; but p r i n c i p l y 
Survey began us ing them in making topo- they have been used as a base map for f i e ld 
graphic maps and i n 1933 airphotos were work. As far as can be determined to date, 
applied in s o i l s conservation work (23) . airphoto interpretat ion has not been u t i -
M i l i t a r y forces have used airphotos quite l ized for preparing stratigraphy maps, i . e . , 
extensively and the greater portion of a l l maps showing the extent of and naming geo-
m i l i t a r y and naval in t e l l i gence i s based logic formations in the correct age sequence, 
on their interpretation (10). I t i s the purpose of th is paper to dem-

Today aerial photographs have many uses, onstrate the appl icat ion of airphoto i n -
Some of the most notable are in fores try t e r p r e t a t i o n to g e o l o g i c a l mapping of 
and i n many phases of engineering work, sedimentary s trata . The project was i n i t i -
Some of the engineering uses are m highway, ated as a research problem for the Virginia 
airport, and railway locations and in h i ^ - Department of Highways and also as a thesis 



I I I M I f U p l ^ l l l 

•ipvun '110 — 
^ s = j 1=1 F l usuie 

<DH^BlH ' j o u j j J d 

HOiiirHUOd noons-is 

NOIlVmiOi a3d3i-ind3H0 

NOIlVnUOi 3n0V3H9000N00 

( • n t o » | 9 C 3 0 i i 0 9 u l l 390111 3NOieON<B NOIiVUHOJ KMOlNVNXJig I 1 

( u u t u B i i i K t g III) i-ioN> i iasHO aivKS ouneCNiiBVM « S I I3H1V 

GaAienmNi sno3iio| aivHS S N S H I V 

NOIlVnUOd m3HS0»-810N31 

DiujBJiA 'A4uno3 oisnBnv | 0 uoiiJOd D | 0 dow siBopoo 



69 

MMMl. PMYSIOWÂ IC PMOVINCIS 
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F i g u r e 1. Map o f V i r g i n i a showing r e l a t i o n s h i p o f area i n v e s t i g a t e d to 
p h y s i o g r a p h i c p r o v i n c e s . 

F i g u r e 2. T y p i c a ] shaJe topography . N o t i c e rounded broad h i l l s and g u l l y system. 

in ()artia] f u l f i l l m e n t for a master's de­
gree i n peology at the U n i v e r s i t y of 
Virginia . 

Before beginning this study a survey of 
a i l exis t ing l i t e ra tu re pertaining to the 
investigation was made, included was geol­
ogy, pedology, and airphoto techniques. 

After completing this i n i t i a l l i terature 
survey the airphotos were assembled as a 
moziac and studied to provide an overall 
area] picture. On this mozaic were traced 
generalized boundaries of areas which were 

strikinp-Jy different an<! features tl'at were 
obvious. Refinement of these genera] 
borders was accomp] i.shed by stereoscopic 
study of individual p}ioto pairs. Subse­
quent f i e l d work provided correlat ion of 
the. geologic formation with airplioto pat­
terns. 

. . LOCATIOS . . • . 

The area discussed in this paper i s in 
the central portion of Augusta County and 
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comprises approximately 200 sq. mi. (See 
F ig . 1.) TTiis area i s in the Great Valley 
of the Appalachian Ridge and Valley Physio­
graphic Province, bounded on the east by 
the Blue Ridge Province and on the west by 
the Appalachian Plateaus Province. 

CLIMATE 

The county i s s i tuated in a humid-tem­
perate c l imate . An average annual pre­
c i p i t a t i o n of about 38 i n . i s d i s t r ibutrd 
throughout the year. Heaviest r a i n f a l l 
occurs from May to August and the greatest 
snowfa l l i n January and February . The 
average temperature in summer i s 70 F . or 
more, whereas in the winter the temperature 
averages approximately 37 F . The preva i l ­
ing wind direct ion throughout the year i s 
southwestward, m l ine with the s t r i k e of 
the s trata and of the ridges. 

DRAINAGE 

Most streams drain northeastward into 
the Shenandoah R i v e r , thence i n t o the 
Potomac River; however, the southwest por­
tion of this area i s drained by tr ibutaries 
of the James R i v e r . Streams of the area 
have a t r e l l i s regional drainage pattern, 
p r i n c i p a l water courses being of subse­
quent o r i g i n . Perenia l gu l ly s , of rese-
quent origin, loca l ly form dendritic drain­
age patterns. 

In limestone areas drainage i s internal 
through s inkholes and caverns formed by 
percolating waters through bedding planes, 
shaly partings, points, fractures and other 
structural openings. 

TOPOGRAPHIC FEATURES 

The general r e l i e f of Augusta County i s 
that of a broad r e l a t i v e l y smooth va l l ey 
flanked both on the east and west by high 
mountains. Within t h i s so - ca l l ed va l l ey 
certain erosional features are d is t inct ive . 
Over broad areas the t erra in features are 
those of a s inkhole - s tudded plain; but 
loca l ly other surface expressions included 
are: elongated knol ls ; discontinuous low 
r i d g e s , rounded c o n i c a l h i l l o c k s ; and 
smoothly undulating landscape. The e l e ­

vation above sea level i n this area ranges 
from 1,200 to 2,200 f t . 

GEOLOGY 

Sedimentary s t r a t a of P a l e o z o i c age 
underlie the a r e a . Ranging from Upper 
Cambrain to Middle Ordovician the rock con­
s i s t s of dolomite, limestone, sandstone and 
shale . Table 1 describes the l i thology, 
age, and th ickness of these formations. 
These s t r a t a , deposited in large in land 
seas mi l l i ons of years ago, were great ly 
s t r e s s e d at the c l o s e of the P a l e o z o i c 
Era by crustal movements. Resultant fo ld­
ing incl ined the s trata forming ant ic l ines 
and s y n c l i n e s . The major s t r u c t u r e de­
veloped was the Massanutten Syncline which 
plunges under north of G r e e n v i l l e , V i r ­
g in ia . The western limb of th is syncl ine 
i s exposed in the area invest igated, i t s ' 
axial trough i s f i l l e d by Martmsburg shale. 
During deformation s t r a t a were disrupted 
by a major thrust fault , the Staunton Fault , 
which extends northeastward across the 
area. Older s t ra ta have been thrust upon 
strata of younger age. Subsequent erosion, 
fol lowing t h i s folding and f a u l t i n g , ex­
posed resistant s trata . 

DEVIOUS INVESTIGATICNS 

G e o l o g i c a l work done p r e v i o u s l y i n 
Augusta County, has been of a general na­
ture only. Che of the workers was William 
Barton Rogers, who with h i s brother H. D. 
Rogers, was the f i r s t to interpret correctly 
s t r u c t u r a l geology of the Val l ey of V i r ­
g in ia (18) . I n 1911 a geological map of 
V i r g i n i a was published by Dr. Thomas L . 
Watson, then director of the Virg in ia Geo­
logical Survey. In 1928 the current geo­
logic map was published under the direction 
of G. W. Stose. 

One publ icat ion of Dr. Char les Butts , 
on the Appalachian Valley of V i r g i n i a (2) , 
contains a concise summary of the character 
of each of the formations together with a 
geologic map. Another of h i s publications 
on this same area consists of a descriptive 
text, in two parts, including i l lu s t ra t ions 
of stratigraphy, geologic s tructure , geo­
l o g i c h i s t o r y , and index f o s s i l s ( 3 ) . 

A l a t e r publ icat ion by Dr. Raymond S. 
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hdmundson gives accurate information on 
the location, thickness and chemical com­
position of important industrial limestones 
and dolomites of the Appalachian Valley of 
Virginia ( 7 ) . 

DISCUSSIOM OF RESULTS • . "< 

In studying aerial photographs stereo-
scopically, minute differences are observed. 
These differences constitute airphoto pat­
terns of several so-called pattern elements, 
i n c l u d i n g : landforrr, regional drainage 
pattern, gully cross-section and gradiants, 
s o i l color tones, vegetat ion, man made 
features, and breaks in stream coarses. 
Much has been done in correlating airphoto 
pattern elements with d i f f e r i n g material 
types; but for t h i s study these pattern 
elements have been correlated with i n d i ­
vidual geologic formations. 

The several forn ations of the area i n ­
vestigated liave d i s t ingu i sh ing features 
that are evident on aer ia l photographs. 
A detailed discussion of these formations 
with their characteristic airpV.oto patterns 
is given as follows: 

i . Athens and ^'artinsburg formations, 
of middle Ordoviciaii age, are predominantly 
shale and calcareous sliale, the Athens 
containing iiiterbedded limestone. Figure 6 
shows an outcropping of t h i s l inestone. 

F i g u r e 3 . A i r p h o t o s h o w i n g c o n t a c t o f 
A t h e n s and M a r t i n s b u r g s h a l e (Oamb) and 

L e n o i r - Mos l i e im L i m e s t o n e ( 0 1 m ) . 

F i g u r e 4. Photo showing meander ing s t ream 
c o u r s e t y p i c a l o f u n i f o r m s o f t s h a l e . 

Both of these formations were found to be 
characterized by low subdued topography. 
Streams develop a meandering course and 
have a smooth round cross-section, i n d i ­
cat ive of a uniform s o f t mate r ia l . (See 
Fig. 4.) Interstream divides are broad, 
rounded and very smooth. Gradients are 
f l a t and uniform. In Figure 2 may be noted 
th is typical shale topography. Figure 3 
shows t h i s same topography as seen on an 
aer ia l photograph. Here i t may be seen 
that the shale d i f f e r s great ly from the 
limestone. As compared to the limestone 
area shale i s much more dissected, the 
shale being a uni form s o f t e r mate r ia l 
weathering only by surface water action 
and the limestone weathering mostly by 
solut ion. Figures 5 and 7 show the d i f ­
ferences i n drainage of these d i f f e r i n g 
rock types. Also, in Figure 5 a break in 
the stream course passing from limestone 
to shale may be noticed. The color tones 
of the shale are darker than those of the 
adjacent nreas, indicat ing the impervious-
ness of the shales (Fig. 3). Tliese shales 
are bounded below by older linestone strata 
and may be dist inguished from the other 
formations by the evidences mentioned above. 

2. The Nosheirr and Lenoir formations 
occur conformably below the Athens shale. 
The Lenoir, which over l ies the Viosheim is 
a thick-bedded, medium grained, dark-gray 
limestone containing th in ly bedded chert. 
The Mosheim i s a glassy-textured chemi­
cally-pure limestone. 

Due to bedded chert, the Lenoir upon 
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F i g u r e 5. Dra inage c r o s s i n g l i m e s t o n e i n t o 
younger s h a l e s t r a t a . N o t i c e s t r e a m p a t ­
t e r n and change o f s t r e a m course e n t e r i n g 

s h a l e . 

weathering resulted in low elongated knolls, 
as may he seen in Figure 12. .These knolls 
have a rounded top and steep slopes. So­
lut ion is not i n great evidence, however, a 
few scattered sink holes were noticed on 
top of these knol ls . These probably were 
at the contact of the Mosheim and Lenoir, 
since there is a great difference in l i t h -
ology. Numerous water gaps are found cut­
t ing across the strata. Streams paral lel 
both edges of this formation and cut across 
the gaps. Comparing these knolls to sand­
stone ridges developed i n a nearby f o r ­
mation i t was noticed that the Lenoir-
Mosheim knolls were more rounded and less 
covered by forest growth. 

The Mosheim, being a high-calcium lime­
stone, i s quarried extensively for indus­
t r i a l l ime , and i t may be no t i ced i n 

Figure 9 that quarries fol low the s t r ike 
of this strata. EXie to the excessive chert 
content the Lenoir-Mosheitr formation had 
color tones which were l i g h t e r than the 
adjacent formations as seen in Figure 10. 
Figure 11 shows one of the structures in 
this area. The strata i s seen on the a i r ­
photo to bend around and change i n i t s 
d ip , ind ica t ing a syncline. Of in teres t 
also in the pocket of Lenoir-Mosheim within 
the axis of the syncline. This i s due to 
minor local fo lding of the Lenoir-Mosheim 
formations. Tlie break i n stream course 
and topographic r e l a t i o n s are the main 
c r i t e r i a used i n determining the boun­
daries of this formation. 

F i g u r e 6. O u t c r o p p i n g o f Athens l i m e s t o n e . 
Note s l a b l i k e s t r u c t u r e . 

Figu re 7. Dra inage o f l i m e s t o n e and s h a l e . 
N o t i c e b reak i n s t r eam course on e n t e r i n g 
t h e s h a l e s t r a t a and t h e r e l a t i o n o f the 

s t r e a m s on t h e g e o l o g i c f o r m a t i o n s . 

3. The Beekmantown formation occurs 
below the Mosheim formation. This i s a 
dark-blue compact limestone interbedded 
with dolomite. Great pockets of spongy 
chert contained i n the formation results 
in large conical h i l l s that stand out pro-
nouncely above the t e r r a in . These h i l l s 
slope steeply and are covered by fores t 
growth (Fig . 13). Streams that traverse 
this area develop a t r e l l i s pattern, major 
streams paral lel ing the str ike with t r ibu ­
taries cutting in at r ight angles (see Fig. 
14). Only a few scattered sinkholes occur 
in the Beekmantown, for on the whole this 
limestone is resistant to solution. Ind i ­
ca t ive of t h i s are rocky streams beds. 
Streams that cross this formation break at 
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F i g u r e 8. D r a i n a g e o f l i m e s t o n e s t r a t a . 
N o t i c e the a l i g n m e n t o f the s t ream w i t h the 

s t r i k e o f t h e s t r a t a . 

i t s boundary. Generally the color tones 
are mediun; to l igh t in intensity. 

4. The Chepul tepee formation occuring 
below the Deekmantown, contains pure lime­
stone and some dolomite both of which pro­
duce lower topography than adjacent strata 
(see Fig. 15). Streams crossing this for­
mation break in thei r course at the boun­
daries. Major streams follow the strike of 
the strata either at a contact with adja­
cent formations or through the center of 
the Chepul tepee. Figure 8 shows drainage 
crossing and para l le l ing the Chepultepee. 
Although streams usually flow i n f i l l e d 
channels scattered outcrops of bedrock 
occur. An absence of solut ion i s quite 
noticeable. 

5. Conoeoeheague, an upper Cambrian 
formation which underlies the Chepultepee, 
i s a thick-bedded, predominantly blue 
l imestone. Most d iagnos t ic fea tures , 
megascopically, of this formation are beds 
of coarse-grained sandstone and laminae of 
siliceous and clayey material , as seen in 
f igure 19. Eieds of sandstone, occuring as 
i r r e g u l a r l y d i s t r i b u t e d lenses, may be 
evident i n some l o c a l i t i e s but absent in 
others. 

\\liere these sandstone beds are steeply 
i n c l i n e d , weathering makes low but long 
sharply crested ridges (Fig. 20). Figure 
21 i l l u s t r a t e s the steepness of some of 
these sandstone ridges. Hiese ridges con­
form wi th the s t r i ke and where there i s 
flexure within a formation the ridges also 

bend (Fig. 17). These ridges are th ick ly 
covered with fores t growth, for they are 
too rocky and steep to farm ( F i g . 16). 
Streams flow i n rocky channels along the 
strike of the strata and occasionally across 
the strata thus developing a regional t r e l ­
l i s drainage pattern. Sinkholes are nu­
merous i n certain parts of the formation. 
Hiese sinkholes are in line with each other 
and tend to he a b i t elongated (Fig. 18). 
Due to the i n t e r n a l drainage the Cono­
eoeheague loca l ly gives a mottled color. 

6. The El brook formation occurs below 
the Conoeoeheague formation. The El brook 

Ok 

F i g u r e 9. L e n o i r - M o s h e i m f o r m a t i o n (01m) . 
N o t i c e t h e f l e x u r e i n t h e s t r a t a and the 
q u a r r i e s f o l l o w i n g a l o n g the b o r d e r o f the 

f o r m a t i o n . . . 
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TABLE 1 

GEOLOGIC FORMATIONS IN AREA INVESTIGATED 

AGE TORMATION THICKNESS LITHOLOGY 

Middle 
Ordov ic ian 

Mart insburg 
Shale 

1, 500-3,000 Dark co lored c a l c a r e o u s sha le wi th interbed^ed^ 
l imestone. ^ 

Athens 
Shale 

600-5,000 + Black f i s s i l e sha le with black thin-bedded { i m ­
pact conchoidal l imestone and argillaceous-'^ 
b l u i s h l imestone. / ' 

Leno ir 
Limestone 

50-200 Fine to medium grained dark gray l imestone with 
th in beds of c h e r t . 

Mosheim 
L i mestone 

50-100 Glas sy ( v a u g n i t i c ) textured l imestone very pure 
l imestone ( c h e m i c a l l y ) . 

Lower 
Ordov ic ian 

Beekman town 
Limestone 

800-3, 200 Interbedded dolomite and l imestone - the l ime­
stone dominates the dolomite i n quant i ty -
contained in the l imestone are immense pockets 
of spongy c h e r t . 

Chepu1 tepee 
Limes tone 

400-500 Chemica l ly a r a t h e r pure l imestone with i n t e r ­
c a l a t e d beds of more or l e s s magnesium l ime­
stone and dolomite. The l imestone i s commonly 
th i ck bedded, blue and f i n e l y c r y s t a l l i n e with 
a few s i l i c e o u s p a r t i n g s . 

Upper 
Cambrain 

Conococheague 
Limestone 

E l brook 
Dolom i te 

1,200-2,000 

2 ,700-3 ,400 

Thick bedded blue l imestone « h i c h forms about 
75% of the formation most of the remainder being 
dolomite. The most d i a g n o s t i c f e a t u r e s are beds 
of coarse grained sandstone and laminae of s i l i ­
ceous and c layey m a t e r i a l . 

Interbedded c l a y e y l imestone and impure dolomite . 
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T A B L E 2 
S O I L T E S T R E S U L T S 

GEOLOGIC LKJUID PLASTICITY H. B. B. OPTIMUM OPTIMUM MODIFIED HORIZON DEPTH 
PORMATICVIS LIMIT INDEX SOIL CLASS­ MOISTURE DENSITY C B . R . * 

IFICATION INCHES 

36 10 A-4 (8) 21.8 102. 3 3 .5 A 0-10 
30 N-P A-4 (4 ) 20. 5 102 23. 3 A 0-10 
36 7 A-4 (8) 23. 5 95 10 A 0-10 
33 3 A-4 (4) 20.8 102 17 A 0-10 
35 6 A-4 (8 ) 0 A 0-10 
36 8 0 A-4 (8) 20. 3 98 .2 5 A 0-10 
55. 20 16.28 A-7-5 (14) B 10-50 

Elbrook 58 26 A-7-5 (18) 31. 3 88.8 9 B 10-50 
Dolomite 67 18 A-7-5 (16) 30.2 88 9 10 B 10-50 

46 9 A-5 (10) 22.8 99. 5 13.2 B 10-50 
51. 1 18.2 A-7 -5 (14) B 8-30 
55 13. 1 A-7-5 (11) B 8-30 
32 12 A-2-6 (1 ) 13.2 121 23.3 C 50-
38 11 A-6 (3) 17.7 108.8 7. 5 C 50-
35 8 A-4 (8) 20.8 100 6 7 C 50-
52.4 4. 1 A-5 (11) 25 93 16 C 30-
43 .5 14.46 A-7-6 (10) C 36-
48.80 23.48 A-7-6 (15) C 36-
24.60 9.72 A-4 (8) A 0-10 
28.8 4.2 A 0-10 
28 .4 11.8 A 0-10 

Conococh­ 42. 23 16.68 A-7-6 (11) B 10-50 
eague 45.40 24.65 A-7-6 (15) B 10-50 
Formation 47.8 13.8 B 10-50 

60.20 28.62 A-7-5 (19) C 50-
46. 30 23.76 A-7-6 (14) C 50-

Chepu1 tepee 34.30 12.06 A.6 (9) A 0-12 
Formation 58.84 26.81 B 12-48 
Beekman- 26.0 5. 39 A-4 (8 ) A 0-12 
town 25. 5 5 OS A-4 (6) A 0-12 
Formation 34.5 14. 5 A-6 (10) B 12-36 

38 14 A-6 (9) 21.7 99 .2 11.3 C 36-60 
31 9 A-4 (8) 17.1 110.2 15.8 C 36-60 

L e n o i r - 30.00 10.16 A-6 (8) A 0-8 
Mosheim 26.4 7 .65 A-4 (8 ) A 0-8 
Formation 32.70 10 A-4 (8) A 0-8 

67 38.08 A-7-6 (12) B 8-42 
51 18 A-7-6 (12) C 42-
51. 40 27.83 A-7-6 (17) C 42-
56.60 29. 33 A-7-6 (19) C 42-

Athens 30.20 6. 17 A-4 (8) A 0-8 
Formation 50.70 29.37 A-7-6 (18) B 8-40 

48.80 24.73 A-7-6 (16) C 40-

Modif ied C . B . R . i s based on 95 percent standard Proctor Compaction, 
the t e s t i s s tandard . 

the r e s t of 
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TABLE 3 

AGGBEGATE TEST RESULTS 

GEOLOGIC S P E C I F I C ABSORPTION SOUNDLESS LOS ANGELES LOS ANGELES QUALITY 

FORMATIONS (3WVITY LOSS GRADING LOSS (500 
R E V . ) GRADE 

Conococh- 2.72 .33 O.K. A 24.6 A 

eague 2.81 .05 O.K. A 22. 1 A 

Beekmantown 2.70 .26 O.K. A 30.3 A 

• 2.81 . 67 O.K. A 22.9 A 

L e n o i r - 2.73 .29 O.K. A 28.7 A 

Mosheim 2.74 . 19 O.K. A 26.0 A 

2.78 - - B 20.0 A 

2.76 - - B 27.0 A 

Chepultepee 2.83 - - B 24.0 A 

E l brook 2.81 - - A 14.2 A 

TABLE 4 

RESULTS OF ADHESION TESTS 

Courtesy of D i v i s i o n of T e s t s , V i r g i n i a Department of Highways 

GEOLOGIC FORMATIONS 

E l brook Conococheague Beekmantown L e n o i r -Mosheiro 

Sample Percent Adhesion Percent Adhesion Percen t Adhesion Percent Adhesion 

No. By (1 ) By (2) By By By By By By 

Weight Es t imate Weight Est ima te Weight Es t imate Weight E s t i m a t e 

1 76 95 63 80 79 85 51 90 

2 71 95 98 99 60 85 96 98 

3 27 85 33 80 69 95 83 98 

4 22 85 49 88 91 95 93 99 

5 43 88 82 95 67 95 71 95 

6 36 80 48 88 48 90 35 75 

7 36 85 61 85 76 90 

8 16 70 50 85 76 90 

9 47 90 91 98 
(1) Tested by Type I method, see Appendix, page 34. 

(2) Tes ted by Type I I method, see Appendix, page 36 
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Figure 10. Stereo p a i r showing Lenoir-Mosheim formations . 
. cp lor tone i s l i g h t e r than adjacent s t r a t a . 

Note s o i l 

F igure 11. S y n c l i n a l s t r u c t u r e showing the 
L e n o i r - M o s h e i m f o r m a t i o n s (01m) p l u n g i n g 
under the Beekmantown formation (Ob) . Note 
the pocket of (01m) w i t h i n the a x i s of the 
s y n c l i n e . T h i s i s due to l o c a l f o l d i n g of 

the L e n o i r - M o s h e i m f o r m a t i o n s . 

i s predominantly a dolomite, however lo­
cally i t contains considerable amount of 
thinly bedded argillaceous limestone or 
dolomite. 

Due to low solubility, the Elbrook also 
results in ridges; however, these are not 
as sharply crested or as extensive as the 

sandstone ridges of the Conococheague. 
Streams have a t re l l i s pattern and also a 
rocky bed. Because of the argillaceous 
materia] striations of parallel bands were 
noted on the airphotos. 

I t may be seen from this brief dis­
cussion that al l of these formations have 
character i s t ic features distinguishing 
them from one another. Figure 23 shows 
characteristic topography of each formation. 

The Staunton Faul t extends northeastward 
across the area. Cri ter ia aiding in the 
tracing of the fault were many. A large 
brecciated zone i s in the fault area. 
Because of this zone selective erosion 
dominated and therefore the fault occurred 
in valleys and other low places. Along 
this fault Elbrook strata of Upper Gunbrian 
age have been shoved up on Beekmantown 

F i g u r e 12. Leno ir -Moshe im k n o l l s t r i k i n g 
a c r o s s a r o a d . 
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Figure 13. K n o l l w i th in the Beekmantown formation. Not ice f o r e s t growth on the s l o p e s . 

F i g u r e 14. Dra inage and a i r p h o t o showing 
e x t e n t of f o r m a t i o n s . N o t i c e strearn f o l -

lowing s t r i k e of the s t r a t a . 

F i g u r e 15. Photo showing break i n topog­
raphy between the C h e p u l t e p e c l i m e s t o n e 
(Och) and Conococheague l i m e s tone (Oc) on 
the l e f t and the Beekmantown l imes tone on 

the r i g h t . 

F i g u r e 16. A i r p h o t o s h o w i n g s y n c l i n e 
plunging southwestward. Notice convergance 
of sandstone r i d g e s (wooded a r e a s ) w i t h i n 

the Conococheague l i m e s t o n e . ( O c ) . 

strata of Lower Ordovician age - although 
the E]brook occurs normally below the Con­
ococheague. Airphoto patterns of these 
fonnations, as mentioned previously, aided 
in pointing out the horizontal trace of 
this fault. Figure 24 shows a structure 
section indicating the attitude of the 
fault and formations. 



SOILS AND AGGREGATES 

Since the geologic formations m the 
area investigated d i f f e r in their chemical 
and physical make-up, they produce d i s ­
t inc t ive and d i f f e r en t soi ls upon weather­
ing . The s o i l s being mature i n age are 
well developed and show d is t inc t horizons. 
The f o l l o w i n g , m table form gives the 
geologic formations with their correspond­
ing soils and horizons-

79 

This c lass i f ica t ion i s based solely on the 
Los Angles Abrasion Test, as used by the 
Virgin ia Department of Highways, Division 
of Tests, Grade A being less than 40 percent 
loss on abrasion a f t e r 500 revolut ions . 

Table 4 shows results of adhesion tests 
made on aggregates taken from the various 
formations. This test, which i s reiterated 
m the Appendix, was developed and adopted 
for use by the Virginia Department of High­
ways, Division of Tests. 

1. Martinsburg shale - Berks soils 
A horizon - s i l t from - 0 i n , to 7 i n . 
B horizon - b r i t t l e s i l t y clay - 7 i n . to 18 i n . 
C horizon - s i l t y clay - 18 + i n . 

2. Athens shale - V '̂estmoreland soil 
A horizon - clayey s i l t - 0 i n . to 10 i n . 
B horizon - plastic s i l t - c l ay - 10 i n . to 48 i n . 
C horizon - s i l t y clay - 48 + i n . 

3. Lenoir-Mosheim formation - Garksv i l le soils 
A horizon - s i l t - 0 i n . to 10 i n . 
B horizon - s t i f f b r i t t l e s i l t y clay - 10 i n . to 34 i n . 
C horizon - s i l t y clay containing chert fragments - 34 + i n . 

4. Beekmantown formation - Clarksvil le soils (mentioned previously) and Frederick soils 
A horizon - s i l t and c l ay - s i l t - 0 i n . to 14 i n . 
B horizon - elastic s i l t y clay - 14 i n . to 50 i n . 
C horizon - crumbly elastic s i l t y clay containing chert - 50 + i n . 

5. Oiepultepee formation - Hagerstown soi l 
A horizon - s i l t and c l ay - s i l t - 0 i n . to 14 i n . 
B horizon - elast ic s i l t y clay - 14 i n . to 50 i n . 
C horizon - cnmibly elastic s i l t y clay - 50 + i n . 

6. Conococheague formaticm - Garksv i l le and Frederick soi ls (mentioned previously). 
7. Elbrook dolomite - Frederick, Garksv i l l e , and Hagerstown soils (mentioned 

previously). 

Results of tests made upon so i l s from 
the various formations i s shown i n Table 
2. Table 3 includes results of tests made 
on aggregate samples from the various for­
mations. Some o f the samples selected 
contained chert which may be detrimental 
to highway construct ional work. I t has 
been established that chert i s a deleter­
ious constituent i n coarse aggregate f o r 
concrete. Also aggregate containing chert 
i s conducive to s t r i p p i n g i n bituminous 
material. These samples tested as (jrade A. 

SUMMARY AND OONCLUSICNS 

Geologic mapping may be accomplished by 
the application of aerial photography. In 
studying airphoto pairs stereoscopically, 
the in terpre tor sees the land surface as 
i f f l y i n g over in an airplane. Features 
that are d i s t inc t ly d i f ferent were observed 
and marked on the airphoto. As the work 
progressed i t was found that these features 
had a d i rec t relat ionship to the geologic 
formation and upon their repeti t ive nature 



80 

• 
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F i g u r e 17. Airphoto showing f e a t u r e s used 
i n d i f f e r e n t i a t i n g geo log i c f o r m a t i o n s i n 
the area i n v e s t i g a t e d . Notice cherty k n o l l s 
( e n c i r c l e d a r e a s ) i n Beekmantown formation 
(Ob) and the s a n d s t o n e r i d g e s ( a l s o e n ­
c i r c l e d ) i n the Conococheague f o r m a t i o n . 

F i g u r e 19. T h i n laminae of a r g i l l a c e o u s 
m a t e r i a l w i t h i n the Conococheague l imestone . 

made possible the delineation of each geo­
logic formation. 

A suiranation of the conclusions reached 
from this study i s given as follows: (1) 

..... ^ 

Figure 18. S inkho les w i th in the Conococheague l imestone. Notice the e longat ion and 
alignment of the s i n k h o l e s . T h i s i s t y p i c a l of t i l t e d l imestone s t r a t a . 
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Figure 20. Sandstone r i d g e s w i t h i n the Conococheague l imestone . 

F i g u r e 21. Photo showing s t eep s l ope of 
sands tone r i d g e . 

Differing material types present distinc­
tive unlike airphoto patterns; (2) There i s 
a definite relationship of airphoto pat­
terns to geologic fomiations, reoccurrence 
of a pattern is indicative that i t ' s as­
sociated formation likewise repeats; (3) 
A much wider coverage of an area may be 
witnessed on an aerial photograph than can 
be seen on the ground, thus considerable 
time i s saved by applying this method; 
(4) Local details such as folds and faults 
are evident on aerial photographs; (5) 
Aerial photographs are excellent as a base 
map for they contain a l l land features and 
map culture, in essence aerial photographs 
are minitures of the actual land surface; 
(6) Field checks are necessary for cor­
relation of airphoto patterns to geologic 

f 

Figure 22. Element of vegeta l cover . Note 
wooded a r e a s t r e n d i n g i n a r e l a t i v e l y 
s t r a i g h t l i n e . T h e s e wooded a r e a s a r e 
a l o n g the s t e e p s l o p e s of the s a n d s t o n e 
s t r a t a w i t h i n the Conococheague format ion . 

formations; (7) I f undertaken correctly 
this method proves as accurate as f ie ld 
methods when mapping out the areal extent 
of formations, interpretor should be well 
versed in airphoto techniques and in ge­
ology; and (8) Application of this method 
can only be made where adjacent formations 
differ in their physical and chemical 
make-up. 



F i g u r e 23. S te reo p a i r showing c h e r t y h i l l s i n the Beekmantown f o r m a t i o n 
(Ob) , c h e r t y e l o n g a t e d k n o l l s i n the Leno i r -Moshe im f o r m a t i o n (01m) and 

sandstone r i d g e s i n the Conococheague f o r m a t i o n . _ _ 
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F i g u r e 24. A i r p h o t o showing Athens , Leno i r -Moshe im, Beekmantown, Conococheague and 
E l b r o o k f o r m a t i o n s and the S taun ton F a u l t . A l s o s t r u c t u r e s e c t i o n showing the a t t i ­
tude o f these f o r m a t i o n s . Note S taunton F a u l t (da rk l i n e ) , a n t i c l i n a l s t r u c t u r e , ' 

and o v e r t u r n e d S y n c l i n e . 
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A P P E N D I X 
ADHESION TEST ON AGGREGATES 

Procedure, Type I 

Hie following i s a general procedure for 
the Adhesion Test for Bituminous Materials, 
Type I . For specific information re la t ing 
to mixing procedure, curing period, e tc . , 
see the notes regarding each specific type 
of bituminous material. 

(1) F i f t y grams of Shady Dolomite Aggre­
gate,^ washed i n a d i s t i l l e d water^ having 
a minimum (dl of 6.3, air-dried for a mini­
mum of 24 hours, and graded to a size that 
100 percent passes a 3/8-in. sieve and i s 
r e t a ined on a 1 /4 - in . s ieve, sha l l be 
weighed i n t o an 8-oz. seamless t i n ,box. 
The aggregate shal l be thoroughly mixed 
and completely coated with two grams of the 
bituminous material being tested. To i n ­
sure that every p a r t i c l e i s completely 
coated, the thoroughness o f the mixing 
process shall be observed under an adequate 
l i g h t . At times i t may be helpful to place 
the t i n box on a hot plate for a few sec­
onds, while mixing. 

(2) The mixture shall then be trans­
ferred to a 600-cc. beaker containing 400 
cc. of d i s t i l l e d water at a temperature of 
25 C.+1.5 deg. C. (77 F.+3F.) having a mini­
mum pH of 6.3 and allowed to remain iimier-
sed fo r a period of from 15 to 18 hours. 

(3) Hie mixture shall then be removed 
from the beaker and placed on absorbent 
paper for a ir-drying. When dry the p a r t i ­
cles shall be immediately examined for un-
coated areas. The pa r t i c l e s containing 
uncoated areas shall be separated from those 
particles that are completely coated. Both 
shall then be weighed and the percentage of 
completely coated particles computed on the 
basis of total weight. 

(4) Any bituminous material which under 
the conditions of the test f a i l s to coat 
completely at least 90 percent by weight of 
the total shall be rejected. 

Samples o f the Shady Dolomite Aggregate 
for t e s t i n g p u r p o s e s may be s e c u r e d from 
the D i v i s i o n o f T e s t s , V i r g i n i a Department 
of Highways, Richmond, V i r g i n i a . 

NOTES ON PROCEDURE - STEP (1) WITH SPE­
CIFIC BIHJMINOUS MATERIALS -

(A) Cut-back Asphalts. fiC-2a and flC-Jo; 
and Emulsified Asphalts, (Inwiiscible Types) 
AEM-1, AEU-2. and AEM-3 - With these ma­
t e r i a l s the aggregate shal l be mixed at 
room temperature wi th two grams of the 
bituminous material which has been heated 
to 60 C. (140 F.) u n t i l a uniform coating 
results . The sample shall then be placed 
i n a constant temperature oven at 60 C. 
(140 F. ) and cured f o r a period o f one 
hour. CVi removing from the oven, the sam­
ple shall be remixed fo r about two minutes 
before being placed in the d i s t i l l e d water. 

(B) Asphalt Emulsions, AE-1. AE-2, AE-3. 
and AE-i - Prior to coating, the aggregate 
shall be heated in a constant temperature 
oven for one-half hour at 130 C. (266 F . ) . 
Two grams o f asphalt emulsion at room tem­
perature shall be weighed into another t i n 
box. The aggregate shall then be dropped 
in to th i s box and mixed. A f t e r complete 
coating, the mixture shal l be cured i n a 
constant temperature oven at 60 C. (140 F. ) 
f o r one hour. A f t e r t h i s curing period, 
the sample shall be remixed for about two 
minutes before being placed into the beaker 
of d i s t i l l e d water. 

(C) Hot Bituminous Materials, AP-0. AP-00, 
and Oh-1 - Approximately 10 grams of the 
asphaltic material shal1 be piaced in anoth­
er t i n box. The two boxes shall then be 
placed i n a constant temperature oven at 
130 C. (266 F.) for a one-half-hour period. 
Exactly 2 grams of the asphalt shall then 
be poured onto the aggregate i n the f i r s t 
t i n box and the materials thoroughly mixed. 
About two minutes should be allowed for the 
asphalt to set mixed. About 2 minutes 
should be allowed fo r the asphalt to set 
up, s t i r r i n g constantly during th is time. 
No curing period i s necessary before plac­
ing the sample in to the d i s t i l l e d water. 

D i s t i l l e d water of the proper pH s h a l l be 
obta ined by b o i l i n g and/or r e d i s t i l l a t i o n , 
and n o t by t h e u s e o f an e l e c t r o l y t e . 
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Procedure, Type I I 

Adhesion Test f o r Bituminous Materials, 
Type I I , i s designed to procure a H t u -
minous material that w i l l s a t i s f a c t o r i l y 
coat and adhere to wet and cold aggregates 
being used under severe and adverse weather 
conditions. The test procedure i s appl i ­
cable to Rapid Curing Cut-back Asphalts 
RC-2a and RC-3a; and Emulsified Asphalts, 
(Imriscible Types) AEW-1, AB'.-2, and AEM-3, 
and Tar PT-5. 

(1) F i f t y grams of the standard refer­
ence gravel^, washed i n a d i s t i l l e d water 
* having a minimum pH of 6.3, a i r - d r i e d 
for a minimum of 24 h r . , and graded to a 
size tha t 100 percent passes a 3 , 8 - i n . 
sieve and i s retained on a 1/4-in. sieve, 
shall be weighed in to an eight-ounce seam­
less t i n box and thoroughly wetted with one 
gram of d i s t i l l e d water. The wet aggregate 
shall be thoroughly mixed and completely 
coated with three grams of the bituminous 
material which has been heated to 60 C. 
(140 F.) The mixing process shall be per­
formed in adequate l igh t and the bituminous 
material shall sa t i s fac tor i ly coat 95 per­
cent of the surface area of the aggregate 
as determined by the v i sua l es t imat ion 
method. At times i t may be h e l p f u l to 
place the t i n box on a hot pla te fo r a 
few seconds while mixing. The mixture 
shal l then be placed i n a constant tem­
perature oven at 60 C. (140 F.) and cured 
f o r a period o f one hour. On removal 
from the oven, the sample shall be remixed 

for about two minutes to insure a uniform 
coating of the aggregate. 

(2) The sample shal l then be trans­
ferred to a 600-cc. beaker containing 400 
cc. of d i s t i l l e d water at a temperature of 
37.8 C. + 2 . 5 C. (100 F. + 5 F.) having 
a minimum pH of 6.3 and allowed to remain 
immersed for a period of from 15 to 18 hr. 

(3) At the end of the immersion period 
the sample shall be observed under water 
and the percentage of surface area of the 
aggregate remaining coated shall be evalu­
ated by visual estimation. 

(4) Any bituminous material which under 
the conditions of the test f a i l s to coat 
95 percent o f the surface area of the 
aggregate o r i g ina l l y or to retain 95 per­
cent coating of the surface area of the 
aggregate by visual estimation shall be 
rejected. 

Note: For a test on selective aggregate 
samples a standardized given bituminous 
material i s used. The asphalt used was 
RC-2 from the Mexican Petroleum Corporation. 

^ Samples of the s tandard r e f e r e n c e grave l 
(Commonwealth Sand and Grave l Company) for 
t e s t i n g p u r p o s e s may be s e c u r e d from the 
D i v i s i o n of T e s t s , V i r g i n i a Department of 
Highways, Hichmond, V i r g i n i a . 

^ D i s t i l l e d water of the minimum pH s h a l l 
be obtaiTied by b o i l i n g and/or r e d i s t i l l a ­
t i on , and not by the use of an e l e c t r o l y t e . 
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T H E PREPARATION OF SOIL-ENGINEERING MAPS 
FROM AGRICULTURAL REPORTS 

Thomas H. "niornburn, Research Assistant Professor in Civil Engineering, 
University of Illinois, J . R. Bissett, Associate Professor of Civil 

Engineering, University of Arkansas 

In most states possessing land of agri­
cul tural value, there i s generally ava i l ­
able a large amount of information about 
surface so i l s contained i n county a g r i ­
c u l t u r a l reports prepared by the State 
agr icul tura l experiment stations and pub­
lished j o i n t l y by the stations and the U.S. 
Department of Agriculture. A contribution 
to the f i e l d of so i l engineering present­
ing the usefulness of these reports has 
been published by the Highway Research 
Board as Bu l l e t in 22, 'tingineering Use of 
Agricultural Soil Maps." 

In spite of the a v a i l a b i l i t y of county 
a g r i c u l t u r a l reports , the s tate highway 
departments have, i n general, neglected to 
u t i l i z e them. The reasons f o r t h i s are 
readily apparent to any c i v i l engineer who 
has ever consulted one. 

Although the method of soi l c lass i f ica­
t i o n used i n the reports i s s c i e n t i f i c , 
being the realm of pedology, the reports 
themselves are f u l l of agr icul tura l terms 
and in te rp re t the s o i l conditions m the 
l i g h t of agr icul tura l usage. Few highway 
engineers have the time to read through the 
extraneous information contained in these 
reports i n order to f i n d so i l information 
which can be u t i l i z e d for engineering pur­
poses. 

Nevertheless, the information i s there 
and can be used to advantage, as i s e v i ­
denced by such valuable publ icat ions as 
the 'F ie ld Manual of Soil Engineering," of 
the Michigan State Highway Department; "Ihe 
Formation, D i s t r i b u t i o n and Engineering 
Characteristics of Soils" by Belcher, Gregg, 
and Woods; and the 'So i l s Manual" of the 
Missouri State Highway Commission. In a 
state where a large number of up-to-date 
agr icu l tu ra l reports are available these 
publications have the i r greatest usefu l ­
ness. However, t h e i r ove ra l l value to 
highway engineers decreases with a decrease 

in the quali ty or quantity of county agr i ­
cultural reports. 

Up-to-date county reports usually con­
tain maps showing much more detailed va r i ­
ations i n so i l type than i s necessary for 
engineering purposes. Although this i s no 
great disadvantage, the number of soil 
types mapped usually increases each year 
as new county reports are prepared. Fur­
thermore, i n states where mapping has been 
i n progress f o r a period of 30 years or 
more there i s a considerable d i f fe rence 
between the nomenclature and mapping tech­
niques used in the early reports as compared 
to those published m the l a s t 10 to 15 
years. This variation in quali ty of agr i ­
cul tural so i l maps i n a very real impedi­
ment to the use of pedologic information 
by the highway engineer. 

A l l o f the county agr icul tura l reports 
fo r I l l i n o i s have been prepared and pub­
lished by the University of I l l i n o i s Agr i ­
cultural Experiment Station. Reports pre­
pared during the period 1911 to 1929, of 
which there are about 45, use an old type 
of descript ive nomenclature for the so i l 
p r o f i l e which does not lend i t s e l f to i n ­
t e r p r e t a t i o n f o r engineer ing purposes 
without considerable study. The 10 reports 
published in the period from 1930 to 1933 
might be termed transitional reports,since 
the method of description and classif icat ion 
of the so i l p ro f i l e i s better than the one 
used i n the ear ly reports but does not 
involve the use of soil-series names. The 
remainder of the reports published since 
1933 use the most modern techniques of 
pedologic survey. These reports, about 20 
in number, u t i l i z e soil-series names which 
could be direct ly correlated with engineer­
ing properties. 

In order to u t i l i z e county agricultural 
reports for relat ing engineering properties 
to soil-series or type names, at least two 
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Figure 1. Highway D i s t r i c t s and Count ies i n I l l i n o i s 
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and possibly three d i f f e r e n t systems of 
correlat ion would have to be devised. On 
the other hand, i f a so i l s manual of the 
type u t i l i zed so successfully by the Michi­
gan State Highway Department were prepared, 
I t could be used di rec t ly in only 20 of the 
102 counties i n I l l i n o i s . I t would also 
require constant additions as new counties 
were mapped. In order to apply the ava i l ­
able data to counties having no up-to-date 
reports i t would be necessary to t ra in the 
soils engineers of the I l l i n o i s Division of 
Highways i n the techniques of pedologic 
survey. This would be a time-consurring 
operation, however desirable i t might be. 

In the spring of 1949 i t was decided to 
inaugurate a project on the preparation of 
a s o i l manual f o r D i s t r i c t 5, I l l i n o i s 
D i v i s i o n o f Highways, as a par t of the 
Cooperative Research Program on General 
Highway Problems. This program i s directed 
by a j o i n t committee represent ing the 
I l l i n o i s Division of Highways and the De­
partment of C i v i l Engineering of the Uni­
versity of I l l i n o i s , Engineering Experiment 
Station. Tlie program i s sponsored by the 

I l l i n o i s Division of Highways and the work 
car r ied on by members of the un ive r s i ty 
s t a f f i n the f i e l d and i n laborator ies . 

D i s t r i c t 5 comprises the 12 counties in 
east-central I l l i n o i s , indicated on Fig. 1. 
In this district- up-to-date county reports 
were available for 4 counties, transitional 
reports for 1 county, and old-type reports 
f o r 6 counties. There was no published 
report for Clark (bounty, but an old unpub­
lished map was available. 

I t did not seem possible to reconcile 
the nomenclature used i n the three d i f ­
fe ren t classes of reports i n one s o i l s 
manual. Consequently the decision was 
made to prepare new engineering soils maps 
for the d i s t r i c t . Obviously, i t would not 
be possible to remap on a s t r i c t pedologic 
basis each county for which only old-type 
reports existed without a tremendous amount 
of f i e l d work. Since time i s an important 
factor i n the preparation of the manual, 
this approach was ruled out. Furthermore, 
almost 300 d i f f e r e n t soi l- type names have 
already been used in the preparation of the 
up-to-date county a g r i c u l t u r a l reports . 

SYMBOL 

A 
B 
C 
D 
E 
J 
W 
X 
z 

0 

TABLE 1 

ENGINEERING CLASSIFICATION OF THE PEDOLOGIC PROFILE 

SUBSLiRFACE PLASTICITY 

None to very s l i g h t 
S l i g h t to moderate 
None to very s l i g h t 
S l i g h t to moderate 
High 
High 
None to very s l i g h t 
S l i g h t to moderate 
High 
Highly organic m a t e r i a l s 

SUBSOIL PLASTICITY 

None to very s l i g h t 
None to very s l i g h t 
S l i g h t to moderate 
S l i g h t to moderate 
None to very s l i g h t 
S l i g h t to moderate 
High 
High 
High 

PARENT MATERIAL SYMBOLS 

H 

M 

R 
0 

Highly Permeable m a t e r i a l s 
(Granular t e r r a c e , a l l u v i a l or windblown sands and granular outwash ) 

Moderately Permeable M a t e r i a l s 
(Leached or permeable t i l l , leached or sandy l o e s s , a l l u v i a l s i l t , and 
l o c a l wash. ) 

Slowly permeable m a t e r i a l s 
( P l a s t i c t i l l , modif ied l oe s s or l a c u s t r i n e c l a y ) 

Bedrock 
Peat and Muck 
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TABLE 2 

I L L I N O I S SOIL TYPE DESCBIPTION SHEET 

Number and Name - liS Elliot Silt Loam 
2. D e s c r i p t i v e Name - firovn s i l t loam on compact, medium plaitie t i l l 
3. L o c a t i o n i n S ta te - f a < t - c e n t r a { , n o r t f i - c e n t r a l I l l i n o i s 
4. R a t i n g : General Crops - 4 P a s t u r e - Timber • 
5. Topography - CentZy r o U ing to r o l l i n g - s lopes i to 5 percent 
6. Drainage- S u r f a c e - •0<<erate Under - elow O u t l e t s - goorf 
7. Nat ive Vegetat ion - C r a s s 
8. Parent M a t e r i a ] - Thin loess on compact, med. plastic Wisconsin t i l l 

SOIL CHARACTCRISTICS 

SURFACE 

1. Texture - Silt loam S t r u c t u r e - f i n e granular to crum6 
2. Co lor - firovn to dark brovn Organic Content - medium 
3. Th ickness - 7 to 8 inches 
4. React ion - Medium acid A v a i l a b l e Phos. - Ion Nitrogen - Medium to Ion 

A v a i l a b l e Potash - medium 
5. W o r k a b i l i t y - f a i r fcut 6eeoBing poorer as organic matter decreases 

ileakly coarse-granular 

SUBSURFACE 

1. T e x t u r e , - Heavy silt loam or s i l t y clay loam S t r u c t u r e 
2. Color - y e l l o o i s f i 6ro»n to dark grayish yelloa 
3. Th ickness - 6 to i 2 inches 

4. React ion - .Sl ight to medium acid A v a i l a b l e Phos • loo 

SUBSOIL 

1. Texture - C lay loan S t r u c t u r e - Subangular to angular aggregates 
2 Co lor - P a l e broanish yelloo to dark grayish yelloa aith rusty broan spots 
3. Cons i s t ency - Compact and plastic 
4. Th ickness - S to J2 inches 
5. React ion - S l i g h t l y ac i i f to n e u t r a l A v a i l a b l e Phos. - Subs tra te Nature and 

composition - s l o s l y pervious I f i s c o n s m t i l l , highly calcareous at 30 
to 35 inches, igneous pebbles, not abundant 

For engineering purposes many of these soil 
types can be grouped together, since they 
have similar engineering characterist ics. 
In order to u t i l i z e a l l o f the pedologic 
information available and yet present i t 
in a usable manner, the classif icat ion sys­
tem shown in Table 1 was developed. 

On the basis o f t h i s c l a s s i f i c a t i o n , 
each pedologic so i l type mapped in a given 
area was assigned a two-letter group symbol. 
Hie f i r s t l e t te r represents the p l a s t i c i t y 
of the subsurface and the subsoil; that i s , 
the lower part of the A- and the P-horizon 
respectively of the "pedologic p ro f i l e . Jlhe 
classi f icat ion was arranged so that let ters 
at the beginning of the alphabet represents 
granular or s l i g h t l y p l a s t i c materials , 
whereas those at the end of the alphabet 

represent highly p las t ic so i l materials. 
The second l e t t e r of the symbol desig­

nates the character of the parent material; 
for example, H represents highly permeable 
granular materials; M, moderately penneable, 
predominantly s i l t y materials; S, slowly 
permeable clayey materials, and R, with a 
suitable subscript, represents bedrock, the 
subscript denoting whether i t i s shale, 
limestone, or sandstone. 

Hie authors have no i l lus ions that this 
system represents the acme of so i l -c lass i ­
f i c a t i o n systems but do feel i t u t i l i z e s , 
to the best advantage, so i l s information 
already avai lable . Furthermore, i t pro­
vides a basic system with which engineering 
proper t ies o f s o i l s i n any part o f the 
s ta te may be d i r e c t l y co r re la ted . I t s 
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form depends more upon the type of informa­
t i o n avai lable rather than upon the de­
sirable ideal. 

Table 2 I S an i l l u s t r a t i o n of a typical 
so i l - type informat ion sheet used by the 
Department of Agronomy of the Universi ty 
of I l l i n o i s i n pedologic mapping. I t can 
le seen that def in i te information in regard 
to the p l a s t i c i t y of the various horizons 
i s not always given. In many instances i t 
was necess.ary to deduce the p l a s t i c i t y 
charac ter i s t ics from the informat ion on 
tecture and permeability. The chart shown 
i n Table 3 was used f o r t h i s purpose. 

In the mapping of D i s t r i c t 5, 99 d i f ­
ferent pedologic so i l types have been en­
countered. A l l of these have been classi­
f i e d i n t o 13 engineer ing groups. The 
number of types in each group i s indicated 
in Table 4 along with a b r i e f description 
of the group. With the c l a s s i f i ca t ion as 
presently devised i t would be possible to 
have as many as 37 d i f f e r e n t groups, how­
ever i t i s expected that the actual number 
required to map the whole state w i l l not 
exceed 20. 

TABLE 3 

CLASSIFICATION OF PLASTICITY 
FROM TEXTURAL CLASS 

None to very slight plasticity 
sand 
clayey sand 
s i l t y sand 
loamy sand 
sandy loam 
s i l t 

.Slight to moderate plasticity 
loam 
s i l t loam 
sandy clay loam 
s i l t y clay loam 
clay loam 1 

i 
High plasticity 
clay loam 
s i l t y clay loam 
sandy clay loami 
s i l t y clay 
sandy clay 
clay 

{moderate permeability 
s l i gh t to moderate 

p l a s t i c i t y 

{ slow permeability 
high p l a s t i c i t y 

TABLE 4 

(3fCAJPING OF PEDOLOGIC SOIL TYPES IN DISTRICT 5 
ACCORDING TO ENGINEERING CLASSIFICATION 

NUMBER OF 
PEDOLOGIC GROUP SUBSURFACE SUBSOIL 
TYPES SYMBOL PLASTICITY PLASTICITY 

7 AH None to very s l i g h t none to 1 very s l i g h t 
11 CH none to very s l i g h t s 11 gh t to moderate 

8 DH s l i g h t to moderate s 11gh t to moderate 
4 XH s l i g h t to moderate high 

1 CM none to very s l i g h t s 11 gh t to moderate 
26 DM s l i g h t to moderate s 11 gh t to moderate 

6 XM s l i g h t to moderate high 
4 ZM high high 

2 CS none to very s l i g h t s l i g h t to moderate 
15 XS s l i g h t to moderate high 
13 ZS high high 

1 DR s l i g h t to moderate s l i g h t to moderate 

1 00 muck and peat 
99 13 t o t a l 
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Figure 2. Agricultural map of Moultrie County 

ftice the new classif ication system had 
been worked out, the process of preparing 
an engineering soils map for counties hav­
ing up-to-date agricultural reports was 
relatively simple and direct. I t consisted 
of the following steps: (1) classification 
of each pedologic soil type mapped in the 
county according to the engineering sym­
bols (Table 1) using the information con­
tained in the soil information sheet (Table 
2) and the plasticity-texture correlation 
(Table 3); (2) designation by a distinctive 
color of each engineering soil area on a 
photographic reproduction (scale: 1 in . 
equals 1 mi.) of the county agricultural 
map; (3) tracing of the boundries of each 
engineering soil area on a vandyke positive 
of the county highway planning map; (4) 
preparation of a vandyke negative of the 
completed soils map; and (5) reproduction 
of the engineering soils map. 

In the counties where up-to-date agri­
cultural reports were not available, the 
f i r s t step was preceded by a reclassif ica­
tion of the descriptive type names in terms 
of type names for which soi l description 
sheets were available. This was frequently 
a time-consuming procedure and involved 
consultation with members of the agronomy 
department of the university; considerations 
of the correlation between topographic po­
sition, geology of the parent material cuid 
pedologic c lass i f icat ion, and the use of 
aerial photographs to check soil boundries. 

The relat ionship between the agr i ­
cultural maps and the resulting engineering 
maps i s i l lu s t ra ted in Figures 2 to 5. 

In conjunction with the preparation of 
the basic maps, the s o i l s engineer of 
District 5, assembled al l reliable sampling 
and test data in the form shown in Figure 6. 
The location map was prepared on tracing 
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7» 

1 

Figure 3. Engineering Soils Map of Moultrie County 

cloth to the scale of 1 i n . equals 1 mi . , 
and the position of each exploratory boring 
was p lo t t ed as a c c u r a t e l y as p o s s i b l e . 
Hie location could then be spotted readily 
on the preliminary s o i l s map, and the test 
data used as a further check on the engi­
neering c l a s s i f i c a t i o n . Unfortunately, the 
amount of r e l i a b l e tes t data which could 
be correlated with a spec i f i c location and 
depth was found to be s m a l l . The data 
which are ava i lab le w i l l be, however, of 
further value in estimating the physical 
properties of each engineering s o i l group 
when a s o i l s manual i s prepared for the 
d i s t r i c t . 

At the present time bas ic engineering 
maps have been prepared for a l l 12 counties 
which comprise D i s t r i c t 5, but only 4 have 
been reproduced in f inal form. This repre­
sents the e f for t of one s t a f f member hal f -
time during one academic year and full-t ime 
for three months. In addition, two under­

graduate students have been employed about 
half-time for two months in preparing maps 
for reprorluction. Now that the system has 
been formulated, i t i s f e l t that the average 
highway d i s t r i c t comprising 10 to 12 coun­
t i e s could be mapped in a period of from 
6 to 8 months using the same s t a f f which 
has been available in the past. 

The preparation of the engineering so i l 
maps represents only the f i r s t phase of the 
projec t on the preparat ion of the s o i l s 
manual. However, in order to make the maps 
of immediate use, each one w i l l be accom­
panied by a br ie f summary of the geology, 
major so i l types, and associated engineer­
ing problems of each type. In addition, a 
map showing the important geologic features 
of the d i s t r i c t w i l l be prepared for i n ­
clusion in the manual. 

The authors wish to acknowledge the 
ass istance received from the engineers of 
the I l l i n o i s Div i s ion of Highways, espec-
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Figure 4 . Agricultural map of Cumberland County 

Figure 5. F,ngineering Soils Map of Cumberland County 



ialJy from H. W. Russell, engineer of ma­
t e r i a l s , who supervises the Cooperative 
Research Program on General Highway Probleixs 
for the sponsors; F. N. Barker, engineer of 
highway research, who tumished reproduction 
negatives of the highway planning maps; and 
Martin Zogg, engineer of materials, and 
Walter Lyon, soils engineer of District 5, 
who supplied much useful data and many 
helpful suggestions. The assistance pro-

R. 13 W. , 2 P . M . 
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vided by R. T. OdeJl, associate professor 
of soi l physics. University of I l l i n o i s , 
in furnishing original county soil maps and 
in the interpretation of old county soil 
reports has been invaluable. bpecial 
acknowledgement i s due to W. S. Pollard, 
J r . , instructor in c iv i l engineering. Uni­
versity oi I l l i n o i s , for his part in the 
preparation of the engineering maps and in 
the interpretation of aerial photographs. 

CLARK COUNTY D I S T R I C T 5 

C L A R K S V I L L E 

I 

NO. DEPTH COLOR SAND SILT C U Y L L . PL. 
FEET 

1 O-'A Gray 9 60 31 27 11 
Yellow 4 51 45 30 14 

3-5 Yellow 8 57 35 30 17 
5-10 Yellow 24 44 32 29 21 

2 0-lJ^ Brown 8 59 33 34 15 
lH-3 Yellow 8 57 35 43 24 
3-4 Yellow 6 52 42 55 42 
4-5 Yellow 7 58 35 41 25 
5-5^ Yel1ow 4 54 42 52 38 

3 0-1 Yw.-Bn. 10 55 35 32 12 
1-2% Yel1ow 6 52 42 61 45 
2K-5 Yel1ow 16 49 35 43 31 
5-8 Yellow 25 43 12 35 22 

4 0-1/2 Gray 12 56 32 32 12 
Ye 11ow 6 45 49 42 31 

3^-6 Yel1ow 13 49 38 32 18 
5 o-a Gray 32 48 20 26 8 

1/2-1'^ Yellow 10 53 37 45 26 
1^-3K Yellow 11 50 39 53 36 

Gray 10 50 40 46 30 
Figure 6. 



T O P O G R A P H I C M A P S Y M B O L S 
VARIATIONS W I L L B E FOUND ON O L D E R MAPS 

R O A D S 
Hard surface , heavy duty, four or more l a n e s 
wide 

Hard sur face , heavy duty, two or three lanes 
wide 

Hard surface , m e d i u m duty, four or more 
lanes wide 

Hard surface , m e d i u m duty, two or three 
lanes wide 

MINE S Y M B O L S 
O p e n pit or quarry 

S h a f t - T u n n e l e n t r a n c e 

Prospect 

C O N T R O L DATA 
Triangulat ion or transi t traverse station 

monumented with spirit level elev. 

with vertical angle elevation 

with other checked elevation 
Loose surface , graded, and drained or hard 
surface less than 1 6 feet in width = « = « = ^ Monumented bench mark with spirit level elev. 

Improved dirt _ _ _ "'^^ ' " ^ ' ^ 

Unimproved dirt ======== = '"'^^ permanently marked bench mark 
with spirit level elevation 

C h e c k e d spot elevation 

?essXth "'^^ ' ' " " ' ' " ^ ^ ' ' ^ ° ' U n c h e c k e d spot e levat ion-Watere levat ion 

o , u u . . u ...... H Y P S O G R A P H I C F E A T U R E S 
Dual highway with width of dividing strip 
exceeding 2 5 feet = Index contour 

U n d e r c o n s t r u c t i o n - i f c lass i f icat ion is known Intermediate contour 

appropriate width and red fill are shown Supplementary contour 

Private roads are s o m e t i m e s labeled for 
clarity private^ Depress ion contours 

Traff ic c i r c l e - C l o v e r leaf <°> M 

R A I L R O A D S 

A 

B M A 1 0 6 2 

VABM/^2240 

A567S 

B M X 9 5 8 

VABMX1254 

X 6 2 4 

U. S. standard Gage 
Single track 

Multiple m a m line track if more than 2 
t racks , n u m b e r is shown by label ing 

Abandoned track 

T r a c k under construct ion 

Juxtaposi t ion 

Y a r d s - S i d i n g 

Narrow Gage 
Single track — ^ 

Multiple track — ^ 

Abandoned track — 

Miscellaneous 

C a r l i n e , , , 

Rai lroad in street . 

D i smant led railroad or car l ine 

Turntab le and roundhouse , 

B R I D G E S - T U N N E L S - C R O S S I N G S 
Bridge, road 

Drawbridge, road 

Footbridge 

T u n n e l , road 

W W W , 

Fill 

Levee 

Levee with road 

Large earth dam or levee 

W a s h 

Tai l ings 

Tai l ings pond 

Str ip mine , waste area 

Mine d u m p 

Gravel beach 

Distorted surface area 

S a n d area, s a n d d u n e s 

F O R E S H O R E - O F F S H O R E F E A T U R E S 

Foreshore flat 

Rock or coral reef 

Piling, dolphin, s tump, snag 

Rock bare or awash at low tide 

Rock bare or awash at low tide dangerous to 
navigation 

Bridge, railroad 

Drawbridge, railroad 

T u n n e l , railroad 

Overpass , underpass 

Ford, road 

Ferry 

D A M S - P I E R S - B R E A K W A T E R S 
Important smal l masonry or earth d a m 

Large masonry d a m s 

D a m with lock 

D a m carrying road 

Breakwater , jetty, pier, wharf 

Covered pier or wharf 

Seawal l 

C a n a l with lock < ••• = 

M I S C E L L A N E O U S C U L T U R E S Y M B O L S 
Bui ldings (dwelling, place of employment , etc ) . • ^ oa i i 

Schoo l - C h u r c h - Cemetery 

Bui ldings (barn, warehouse , e t c ) 

Cliff dwelling 

Sewage disposal or filtration plant 

Power t ransmis s ion line 

Telephone , telegraph, tramway, pipe line, etc 
( labeled a s to type) 

Wells other than water (labeled as to type) 

T a n k s , oil, water, etc ( labeled as to type) 

Located or landmark object 

W i n d m i l i - G a g i n g station 

B O U N D A R I E S 
National 

State 

County, parish , munic ipio 

Civil township, precinct , town, barrio 

Incorporated city, village, town, hamlet 

Reservat ion, national or state 

L a n d grant 

S m a l l park, cemetery, airport, etc 

U S land survey township or range line 

Township or range l ine, location doubtful 

U S . land survey sect ion line 

Sect ion line location doubtful 

Township line (not U S . land survey) 

Sect ion line (not U S . land survey) 

Found sect ion c o r n e r — L a n d grant m o n u m e n t + 

Boundary m o n u m e n t - U . S mineral m o n u m e n t • 

4a 

oOil 

• •• 
oGas 

Nater 

B Windmill 
• Gaging Sta 

Exposed wreck 

S u n k e n wreck with mas t s exposed 

Depth curve 

H Y D R O G R A P H I C F E A T U R E S 

Perennia l s t reams 

Intermittent s t reams 

S t r e a m disappearing at definite point 

Intermittent lake or pond 

Dry lake or pond 

C a n a l , f lume, or aqueduct 

Aqueduct tunnel 

Elevated conduit 

Water w e l l - S p r i n g 

Large rapids 

S m a l l rapids 

Large falls 

S m a l l falls 

C h a n n e l in water area 

G l a c i e r or permanent snowfie ld 

Marsh or swamp 

Wooded m a r s h or s w a m p 

S u b m e r g e d m a r s h or s w a m p 

L a n d subject to inundation 

Mangrove 

O V E R P R I N T E D A R E A S 
Area in which only landmark buildings are 
shown 

W o o d s - b r u s h w o o d 

O r c h a r d 

Vineyard 

S c r u b 

L E T T E R I N G S T Y L E S 
Place, feature, boundary line, and area n a m e s 

Richview, Union Sch, MADISON CO, C E D A R 
Publ ic w o r k s - D e s c r i p t i v e notes 

S T LOUIS, ROAD, BELLE. STREET, Tunnel - Golf Course, Radio Tower 

Control d a t a - B e v a t i o n f i g u r e s - C o n t o u r n u m b e r s 

FloreyKnob, BM 1333, VABM 1217-SB06-5500 

Hypsographic names 

Man Island, Burton Point, H E A D MOUNTAIN 
Hydrographic n a m e s 

Head Harbor, Wood River, NIAGARA RIVER 

- —.- -̂ -



UlS ' ITED S T A T E S 
D E P A E T M E K T O F T H E I N T E E I O E 

G E O L O G I C A L S U R V E Y 

T O P O G R A P H I C M A P S 
The United States Geological Survey was created by an Act of Congress in 1879, for 

the purpose of making a systematic study of the geology and natural resources of the United 
States, and the classification of the pubhc lands From the very beginning of this work it 
was evident that no adequate classification of lands or conclusive geologic determinations 
could be made without suitable base maps This led to the organization of the Topo­
graphic Division, which, since 1882, has been engaged in making a series of standard topo­
graphic maps to cover the United States, Alaska, Hawaii, and Puerto Rico 

M A P SCALE 

Under the general plan adopted each published map covers a quadrangle of area, 
bounded by parallels of latitude and meridians of longitude, and hence the maps are some­
times referred to as quadrangles, or quadrangle maps The map boundaries of parallels 
and meridians are based on the international system of latitude and longitude by which 
the location of any point on the surface of the earth is readily fixed The quadrangle maps 
are published on different scales, the map scale selected for each section of the country 
being, for economic reasons, the smallest scale adequate for general use in the development 
of each part of the country On the lower margin of each map are printed graphic scales 
showing distances in feet, miles, and kilometers In addition, the scale of the map is shown 
by a fraction expressing a fixed ratio between linear measurements on the map and cor­
responding distances on the ground For example, the scale of 1 62,500 means that one 
unit (such as 1 inch. 1 foot, or 1 meter) on the map represents 62,500 of the same units on 
the earth's surface The scale of "1 inch equals 1 mile" means that 1 inch on the published 
map corresponds exactly to 1 mile on the ground 

Each quadrangle map is usually designated by the name of a city, town, or prominent 
natural feature within it, and on the margins of the map are printed the names of adjoining 
maps that have been published The adjoining maps are published at the same scale, unless 
otherwise noted. 

FEATURES OF A TOPOGRAPHIC M A P 
Topography is the configuration or shape of the land surface A topographic map is 

a graphic representation of the configuration or shape of a part of the earth's surface, and 
It IS this distinctive feature that differentiates it from other maps Topography may be 
shown by several methods The most striking and realistic method is probably the familiar 
relief model formerly made of plaster or clay, now sometimes made of rubber or plastic. 
The ordinary topographic map is printed on a flat sheet of paper, and hence a symbol must 
be used to depict the topography There are several such symbols in use, including ha-
chures, shading, and contours The contour method is used almost entirely by the Geo­
logical Survey, although a few maps have been published with relief shading overprinted 
on the contours Contours are superior to other topographic symbols for engineering needs, 
because they generally afford more precise information Contours make it practical to 
represent the form of the land surface with high precision The height of each hi l l , the 
depth of each valley, and, in fact, the elevation and slope of the ground at any point can 
be determined from a good contour map 

A contour may be defined as an imaginary line on the ground, every part of which is 
at the same altitude, or elevation, above sea level. The shore line of any relatively stable 
body of water, as the sea or a lake, is, in effect, a contour I f the level of the water rises 
or falls by any amount, the water's edge conforms to the shape of the land at the new level 
and traces out a new contour. Contour lines could be drawn at any elevation, but in 
practice only the contours at certain regular intervals of elevation are shown The con­
tour interval, or the vertical distance between one contour and the next, is selected ac­
cording to the steepness of the terrain in the area being mapped. I n flat country i t wi l l 
usually be 5 feet, occasionally less In a mountainous region it may be as great as 
50 feet, sometimes more. To make the contours easier to read and follow, every fifth 
one (usually) is made heavier than the others (accentuated), and is accompanied by figures 
showing the altitude of the contours above sea level The contour interval used on each 
map sheet is explained in a note printed in the bottom margin of the map 

In addition to the contour lines and elevation numbers, the heights of many identifiable 
points, such as road intersections, summits, and surfaces of lakes, are shown on the map in 
printed figures giving altitudes to the nearest foot, except on the Puerto Rican maps, where 
contour intervals in meters are used, and individual heights are given to the nearest meter 
or tenth of meter These individual elevations are commonly called spot heights, or spot 
elevations. 
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PUBLISHED TOPOGRAPHIC MAPS 
MODERN MAPS 

OTHER SURVEYS i i l i 

This small map is inteuded to give a general picture of the areas covered by published topographic maps of the 
U. S. Geological Survey and other government agencies. Some additional areas have been covered by old recon­
naissance surveys which are now considered inadequate. Larger size status maps of the United States covering 
topographic mapping, aerial photography, aerial mosaics, vertical control, and horizontal control may be obtained 
on application to the U. S. Geological Survey, Washington 25, D. C. State index circulars showing the details of 
map coverage and the names of map sheets printed for distribution, are also available without charge. 

LAND FORMS AS SHOWN ON A 
TOPOGRAPHIC MAP 

This illustration shows the manner in which 
relief, hydrographic, and cultural features 
are shown on a topographic map. The upper 
part of the illustration is a perspective view 
of a river valley that lies between two hills. 
In the foreground is the sea with a bay 
partly enclosed by a hooked sandbar. On 
each side of the valley are terraces through 
which streams have cut gullies. The hill on 
the right has a gradual slope with rounded 
forms while that on the left rises abruptly 
and ends in a sharp precipice from which it 
slopes gradually away forming an inclined 
tableland that is traversed by a few shallow 
gullies. The lower part of the illustration 
shows the same ground forms represented 
by contour lines. The contour interval used 
here is 20 feet, which means that the verti­
cal distance between one contour and the 
next is 20 feet. 

AERIAL PHOTOGRAPH USED IN THE PREPARATION OF MAP SHOWN BELOW. 

Portion of U. S. Geological Survey's Delano, Pa. 7.5' quadrangle. Scale 1:24,000 (1"=2000'). Contour interval 20 feet. 
Topography from aerial photographs by multiplex methods. Surveyed in 1946. 

Portion of U. S. Geological Survey's Mahanoy, Pa. 15' quadrangle. 
Scale 1:62,500 (l"=approximately 1 mile). Contour interval 20 feet. 
Surveyed in 1889. 

The maps shown above cover the same ground area. A comparison of the two will show the extensive changes 
that have been made since the mapping of the Mahanoy quadrangle in 1889. They also illustrate the value of 
large scale mapping where culture is dense or where greater detail is needed. Older maps, such as the small one 
shown above, will be replaced with modem maps as funds become available. , , , 

ELEVATION 

1 

BENCH MARK TABLET PLANE TABLE 
MULTIPLEX 

Survey marker and some of the instruments used in the preparation of a topographic map 



A new series of generalized topographic maps, planned to cover the entire area of the 
United States, on a scale of 1:250,000, with contour intervals ranging from 100 feet in the 
plains areas to 500 feet in the mountains, with relief emphasized by shading, is now in proc­
ess of preparation and publication This series, which will require several years to com­
plete, is intended primarily to meet military requirements, and original compilation is 
being done mainly by the Department of the Army An edition for civilian use is planned 
to follow the military edition of each of these maps, as such maps wil l be found useful for 
geographic information and for general planning on a regional basis. 

A l l of the standard quadrangle maps of the United States areas are published on sheets 
about 16K by 20 inches in size, except for the 1 24,000 scale maps, which are 22 by 27 
inches. 

A E R I A L PHOTOGRAPHS USED I N M O D E R N MAPPING 

The technical procedures of topographic mapping have undergone considerable change 
in recent years Aerial photographs, and precise plotting instruments for measuring and 
converting these photographs to standard maps, now perform a major function in nearly 
all topographic mapping operations The use of aerial photographs makes it economically 
practical to prepare the entire series of standard topographic map sheets in conformance 
with modern engineering standards of accuracy. Although in using aerial photographs 
each original map sheet is "compiled" in the office, extensive field surveys are still required— 
first for determining the latitude, longitude, and elevation of a number of control-survey 
points within each map-sheet area, and second, for checking and completing the map in 
the field Each office-compiled map sheet, if it is to be of standard quality, must be taken 
to the field, m order to complete all those features which the photographs do not show— 
such, for example, as place and feature names, political boundaries and land-subdivision 
lines, classification of roads and buildings, and numerous small but important features 
including mines, quarries, cemeteries, large springs, and oil wells I t is also necessary 
that the field engineer complete the map by conventional surveys whenever the land surface 
is completely hidden from camera view by dense forest growth. 

M A P ACCURACY SPECIFICATIONS 
Specifications for horizontal and vertical accuracy were adopted in 1942 for the stand­

ard topographic maps, and those maps which fulf i l l these accuracy requirements carry a 
notation to that effect in the lower margin The main features of these specifications pro­
vide that (1) horizontally, 90 percent of the well-defined planimetric features shall be 
plotted in correct position on the published map sheet within a tolerance of %o inch, and (2) 
vertically, 90 percent of the elevations interpolated from the contours shall be correct with­
in a tolerance of one-half contour interval (The Xo inch tolerance for horizontal position 
accuracy of well-defined planimetric features is equivalent approximately to 40 feet on 
the ground for maps published on the 1 24,000 scale, and 100 feet on the ground for the 
1:62,500 scale) 

STATE PLANE C O O R D I N A T E SYSTEMS 

State plane coordinate systems have been established for each of the 48 States, under 
the sponsorship of the United States Coast and Geodetic Survey These are rectangular 
coordinate systems, or grids, by which engineers and surveyors can readily correlate their 
plane surveys to the geodetic survey stations Plane surveys do not take account of the 
curvature of the earth's surface, and so cannot be extended accurately over great distances. 
Geodetic procedures are necessary for all surveys that cover large areas or extend over long 
distances. Geodetic stations are monumented points, for which precise latitudes and longi­
tudes have been determined These geodetic positions, referred to the sphere of the earth, 
can be readily converted into plane, rectangular coordinates of any State system, and vice 
versa On all recent topographic maps certain of the grid lines of the State rectangular 
coordinate system may be drawn, by joining with straight lines the corresponding grid ticks, 
or short sections of lines, which extend at regular intervals just outside the map border, and 
which are labeled with appropriate north and east coordinate values in feet. I n cases where 
State grid zones overlap, two or more systems wil l be shown on the map, in which case one 
zone wil l have its grid ticks indicated by dotted lines 

E X T E N T OF AREAS MAPPED 

For the United States proper, nearly 10,000 topographic maps, and several hundred 
planimetric maps (maps that do not depict relief), have been published and are available 
to the public Some of these maps were originally prepared by other agencies, including 
the Tennessee Valley Authority, the Department of the Army, the United States Forest 
Service, and the Coast and Geodetic Survey. A l l of these maps are now distributed by 
the Geological Survey, and most of them have been edited and published by the Survey. 
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puB OOO'OOŜ  I MJOR J O 3l^3S a q j uo p a q s q q n d uaaq aABq sajBjg aqJ Jo P sdBui asBg 

• sa jnjBaj j a q j o pi iB ' s a j y o j d u r e a j j s 'sajis 
u iBp p a j a a p s 'BajB u iBid-pooy a q j jnoqSnojqj X q d B j S o d o j a q j ' tuEaj j s a q j jo [ JBJ puB asjnoa 
a q j l iBjap ajqBjapisuoa u i Moqs s d E u i asaqj_ OOO'frZ' I P ^MJ XjjBnsn 'paqsqqnd 
puB p a j B d a j d uaaq aABq 'sdBiu XaAjns j a A U S B U M O U J ^ 'sdBiu dujs qa iqM moj j 'paXaAjns 
X i j E a i q d B j S o d o j uaaq aABq SBaJB u iB id-pooy J i a q j puB sasjnoa j a A U f B d i a u u d aqj jo X U B J ^ 

s jnojuoo SB i p M SB Su ipBqs j a i p j q j i M aiqBjiBAB aJB sBaJB j u a u i n u o u i puB 
s>iJBd j B u o i j E u JO sdBui a q j j o auios p u E ' j u a u i a j B j s a A i j d u a s a p B X J J E D u i a q j j o X U B J ^ asn 
a j q B q o j d a q j puB papnjaui BaJB a q j jo azis a q j u o Suipuadap 'sa[Bas snouBA uo paqsijqnd a j E 
sdBiu asaqj^ SBajB Suiuitu p a d o p A a p X p A i s u a j u i jBJaAas puB sj jJEd J B U O I J B U a q j Suipnp 
-u i ' j s a j a j u i l E n s n u n j o S E a j E u i B j j a a J O J J B U I J O J [Biaads j o s d E u i a i q d B j S o d o j saqsqqnd puB 
s a a n p o j d X a A j n g jBDiSopaQ a q j 'sdBui a j S u B j p B n b j o sauas p j E p u B j s a q j oj u o i j i p p E u j 

319V1IVAV SdVI^ HaHXO 
•(ajiui Yi XiJBau = qDui i) 000'0£-1 P Suiaq sauas U I B U I a q j ' p a q s i j q n d uaaq aABq 
sdBui a i q d B j S o d o j jo sauas jBjaAas p u E paXaAjns Xjajajduioa uaaq O S J B sBq oai-g o j j a i \ j 

OOS'39:1 J O 3 ^ 3 5 E uo paqsq 
- q n d a j B sdBtu Snqpsaj aqj p u E 'paXaAjns Xiajaiduioa uaaq aABq spuBjs j U B I I B M B H aqx 

X j o j i j j a j a j i j u a aqj J O J sdBui a i q d B j S o d o j j o sauas p a j B u i p j o o a B apiAOjd o j S B OS 
' J B U I J O J u i u j a j j E d s iqj o j u u o j u o a y i M sjaaqs d B u i E 5 ( S B J V a j n j n j I J B puB '9^5 [ u i pa jdopB S B M 
BJjsBjv JO s d E u i a j S u B j p B n b a q j jo j n o X E j a q j J O J u j a j j B d Mau y sajBas j a S j B j uo aJB auios 
p u E 'OOS'29' I J O aiEas B U O sdBui pa f iEjap puB a j B j n a a B a j o u i Xq pajaAoa a j B a a u E j J o d u i i 
a i iuouoaa J B j n a i j J B d j o SBajB Maj y OOO'OSZ' I J O ai^as a q j uo j a p u i E i u a j aqj jo j s o m q j i M 
' (saj iu i 8 XjJBau = q3ui i ) OOO'OOS l J O ^l^as B uo si u o i j j o d J J E U I S B qaiqM jo ' sdBui a d X j 
-aauBssiBuuoDaj Xq pajaAoa EaJB s j i j o j u a a j a d j n o q B sBq B>isBjy j o X j o j u j a j aqx 

•spaau u j a p o u i J O J a j E n b a p B X^nj j o u a j E Xaqj j B q j q a n u i os 
'a ja duioD ssa| J O ' a j E j n a a B ssaj ' j a p p a j E ' X j j u n o a a q j j o q j j n o j - a u b j a q j o u B S u u a A o a ' s d s u i 
a i q d E j S o d o j a q j jo j a p u i B u i a j a q j ^ spaau u j a p o u i J O J a j B n b a p B aq oj pajapi suoa a j B 'XJJ 
-unoD a q j j o q j j n o j - a u o j n o q B S u u a A o a ' s d E u i asaqj j o j j B d B XJUO 'jaAaMopj s a j E j g P ^ I J U Q 
p j u a u i j u o D a q j j o juaajad qs XiJBau J O J U O I J E U I J O J U I a i q d E j S o d o j apiAOjd J E J O J U I sdBui asam 



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 pr iva te organization of eminent 
Amer ican Scientists, char tered under a special act of Congress in 1863 to 
"investigate, examine, experiment, and repor t on any subject of science or 
a r t . " The Academy maintains the National Research Council as i t s opera­
t ing agency. 

The Council , organized wi th the cooperation of the sc ient i f ic and techni­
cal societies of Amer i ca , enjoys the voluntary services of more than 2600 
scientists making up over 400 standing committees, boards, and panels in 
a l l f i e lds of the natural sciences; i ts membership includes representatives 
of business and industry. The Council provides advisory and adminis t ra ­
t ive services f o r research, and attempts to stimulate and coordinate r e ­
search e f f o r t . 

D I V I S I O N 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 we l l as mat ters of i n t e r ­
national relat ions in sc ient i f ic research. The Div i s ion of Engineering and 
Indus t r ia l Research is concerned wi th the s t imulat ion and corre la t ion of 
research i n a wide var ie ty of f i e ld s i n engineering and the applied sciences. 

EXECUTIVE COMMITTEE - C. RICHARD SODERBERG, Chai rman; WM. 
R. HAINSWORTH, Vice Chai rman; FREDERICK M . FEIKER, T . H . 
MacDONALD, P A U L 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 D i v ­
is ion of Engineer ingandlndustr ia l Research of the National Research Coun­
c i l . I ts purpose is to provide a national c lear ing house f o r highway research 
act iv i t ies and in fo rmat ion . The membership consists of 42 technical , educa­
t iona l , indus t r i a l , and governmental organizations of national scope. A s ­
sociates of the Board are f i r m s , corporat ions, and individuals who are i n ­
terested in highway research and who desire to f u r t h e r i t s work . 

The purposes of the Board are : "To encourage research and to provide 
a national c lear ing house and cor re la t ion service f o r research act iv i t ies and 
in format ion on highway adminis t ra t ion and technology, by means of: (1) a 
f o r u m f o r presentation and discussion of research papers and repor t s ; 
(2) committees to suggest and plan research work and to corre la te and eva l ­
uate resul ts ; (3) dissemination of useful in format ion and (4) l ia ison and co­
operative se rv ices . " 
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