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FORGlAORD 

The obJect.lve of the work reported m this publlcatmn has been to 
develop mformatmn and techniques whhlch ml1 assist the engmeer m the mapping 
and evaluation of smlsl mth respect to their use m airport and hIghmy engineer- 
1ng. The methods which have been developed are not expected to replace, but 
rather to supplement exxtmg techniques They are Intended to provide an addltlon- 
al useful tool for studymg the ~011, geology, and other terram charactermtxs 
of sites for speclflc engmeermg uses such as axports and roads, and for the 
locatmn of gravel pits and rock quarrxs 

As the work has been confmed purposely to those fundamentals necessary 
for an engmeermg evaluatmn of smls, the report does not provide mmute details 
An attmpt has been made to mtroduce guides for studymE ~011s from a knowledge 
of geology, pedology, and alrphotos, and not to develop a stereotyped procedure 
by which the engmeermg propertIes of smls can be umstakably extractea m a 
routme fashmn. 

The report consists of two separate but closely related groups of subJect 
matter, followed by a chapter descrlbmg the appllcatlon of the techniques The 
first part, conslstmg of chapters II to VII, provides a means of studymg sol1 
through the appllcatmn of the prmclples of sol1 orlgm and development It 
supplxs the engmeer mth an abrldged versmn of geology and pedology necessary 
for the appllcatmn of those prmclples Chapters VIII to XII, which comprme the 
second part, describe a new technique for laentlfylng sals from alrphotos that 1s 
based partly upon geology and sol1 development Hence, the first supples mforma- 
tlon concermng factors mfluencmg sol1 formatmn m the various parts of the 
country and outllnes the differences among ~011s formed In diverse ways, while the 
second provides a means for determmmg the characterlstrcs of the sol15 

In both parts of the report smls are grouped in accordance mth their 
mode of fomt~on The first 1s Illustrated on a map (plate 1) and the second 
in the several sectlons of the Ax-photo Analysis Chart and m the numerous ar- 
photo plates In appenda B, which IS a separately bound album This grouping 
consists of four mayor dlvlslons, each subdlvldea according to textures of the 
sol1 or the rock from whhlch residual sol1 was derived The four mayor groups 
are denoted as reslduai soils, which are those formed by the dlslntegratlon of 
rocks In place, glacial soils, loesslal or aeollan ~0113, and lastly, allunum and 
associated water-lad deposits, which are divided Into ~011s of the Coastal Plan, 
~011s of the fIlled valleys and Great Plans outwash mantle, and recent alluvium 
On the map the dlfferentlatlon among these primary groups 1s made rnth colors, 
textural varlat=ons Pnthln the group are lndlcated by symbols In addltlon, there 
are regions here referred to as "non-so11 areas," which usually consist of mountains, 
canyons, badlands, or scablands, where sorl characterlstlcs are usually of rmnor 
importance In the design and constructran of englneerlng works These are set apart 
by a separate color on the map 

There are ranor differences In sol1 grouping between the two parts of the 
report Thx 1s due largely to the practical tifflculty Ln separating certain 
groups on a map of small scale, while on ax-photos refinement m d&all 1s entirely 
feasible. 

Although varlatlons are such that the different colors or symbols lndlcate 
only the approxxrate extent of the 3011s represented, and imply that these ~011s 

1 The term "soil" as used &roughout thx report denotes all of the uncon- 
solldated portions of the earth's crust, lncludlng all sizes from the fmest 
particles to the coarsest gravels 



Boundary between High Plains materials and older formations exposed by erosion. 



merely predommate XI the areas shown, It 1s Intended that the map establish, as 
closely as possible, real bounaarles that have a practxal meaning for engineer- 
mg use Obvwxly, such an obJectlve cannot always be achxved for in some 
cases, such as those where glacxil and loesslal ~011s are contiguous with one 
actually overlying the other, the transltlon from one materIal to the other 1s 
gradual, and there may be no sharp boundary line between the two. On the other 
hand, some of the borders between the dlfferent sol1 groups are well deflnea, as 
Illustrated in the frontlsplece 

There are occasional variances mth previous geolopcal or sol1 maps of 
different nature These differences do not connote errors, but are intended so 
that the ;naterx,l of slgnnlflcance to engx~eers be given primary conslderatlon. 
For example, in some fllled valleys where shallow deposits of alluvial or aeollan 
5011s locally overlie Indurated rock strata, the classlfxatlon for tbls purpose 
may be that of the non-sol1 group because unaerlylng lava flows are of greater 
uaportance to construction than are the water-lad and xulnd-deposIted sol&, 
although classlflcatlon favoring the latter may more accurately describe the 
surface so11 Conversely, a symbol representrig the overlying materxil 1s often 
appropriate even though the unaerlylng rock may be of consIderable englneervg 
slgnlfxance aslde from Its influence upon sol1 formatlon At places in the 
loess belt bordering the Mxslsslppl River, for example, lImestone 1s often encounter 
ed in gradilng operations, yet the bedrock 1s actually SubordInate to the loess and 
thus It 1s not represented on the map However, If regard need be given to the 
rock as a factor ln the eng=neerlng sol1 problens, this factor may be evaluated by 
study of the literature and through the use of aerlal photographs of the area in 
question 

It 1s recommended that in reading and analyzlne certain portlons of the 
text, particularly those pertalnlng to the map and to pedologlc and geologx con- 
sIderatIons, the reader have available for convenient reference a geologic map 
of the UnIted States (52) and maps lllustratlng land forms (54) and other so11 
lnterpretatlons (43) (4.4) Naturally, any reference to a certain portlon of the 
country can be even more readily comprehended through reference to maps and lit- 
eratwe dealing rnth that locality alone (81) (683) 

The study has produced supporting material which 1s too vol~umus for 
lncorporatlon ~n thu report hevertheless, some nu,,er~cal aata are Included in 
append= A Llkevslse geologists and pedologlsts ~~11 not find a complete treat- 
Tent of these subJects as the InformatIon given 1s Intended to supply the engineer 
w.th sufflclent data to enable bun to start his vork, after which a more complete 
study of the references in the blbllography ml1 be necessary 

As in all surveys, parts of the data here presented are more detalled, 
and possibly of higher accuracy, than others. In general, the InformatIon on 
glacial and other ~011s XI the central and eastern part of the UnIted States, 
except passlbly the Atlantx Coastal Plain, 1s given in greater &tall than that 
for the western UnIted States At the time of this wrltlng addItIona field 
surveys of the western UnIted States were bang conducted as a refInerrent of the 
data for those areas as here presented 

The research was lnltlated as a part of studies of the effects of weather- 
Ing upon stablllzed sol1 whlcb were conducted by the Englneerlng Experiment StatIon, 
Purdue Unlverslty, working under contract xath the Cl-1 Aeronautics Admlnlstratlon 
through Its TechnIcal Development mvlslon, John Easton succeedea by D M Stuart, 
Chief, under the lmmedlate supervlslon of its Axport Development SectIon, F H 
Grxane, Chxf, who aevoted much attention to the early advancement of the proJect, 
succeeded by D S Jenkins, one of the authors. The so11 stablllzatlon studies 
vere concaved largely by Mayor pi M Aldous, Army Au Forces, formerly of the 
Clvll Aeronautics Adnnnlstratlon As the speclfxd phases relating to sol1 stabIll- 
zatlon progressed, the value of the sol1 ciasslf1catlon work ~n other fields of 
avlatlon and engu,eeru,g became apparent and the scope was expanded to Include the 
study of the enguxerlng characterlstux of the ~011s of the UnIted States Thu, 



extension 1~8s curled out unaer the orqlnzl contract but on a coaperauve basis 
1~ that some flnarces were supplled by Prow Unlvelslty and part of the research 
was conductea by the Clvll Aeronautics Acururlstratlon The contracted research 
was performed by Purdue Un1verslty, 3 C Eillott, President, and Dean A A Potter, 
Du-ector of the Engweerlng Experiment Statlon Use was made of some of the 
facllltles 01 the Indlanz Joint Plghway Research ProJect, R B %lley, Du-ector 
.wd Head, Sci-001 of Clvll EngInewIng and Englneerlng Mechdnlcs. 

The authors are lndeotec to several lndlvxuals and organlzatlons for 
valuaLle sug;estlons, constructive crltlclsm, an3 help In preparing the manuscript 
Speclflc among these are the comments and crltlc1sms by R W Hockensrmth, C B 
Brown, and G W Musgrave of the 'J S Sol: Conservation Service, 0 L Melnzer 
and C L McGuness of the U S Geolo~cal Survey, and pi C. Moore, State Geolo- 
gist of Kansas, regardlne technlcal lnformatlan related to the sol1 map and text 
Llkevnse, the authors are grateful to J G Steele of the U S Sell Conservation 
Service, C B Hunt and others of the Dl-slslon of klltary Geology, and Nelson 
Sayre of the Ground Water mvlslon, oath Dlvlslons of the U S Geological Survey, 
and W E SIplth, berlczn Geophysical Union, for technIca revxw of the manuscript 
Most of the au-photos were obtalned from the Agricultural AdJustment Agency through 
R H Moyer, Chau-man of the Comm7ttee on Aerial Photography, whose assistance In 
this phase of the wxk ~8s rwaluable 

The work at Purdue Unlverslty was supervIsed by Professor K B Woods, 
who also prepared chapters III, IV, and VII on Residual Soils, Loesslal Soils, and 
bon-sol1 Areas, parts of chapters II and VI on Geology and Pedology and Waterlald 
Soils, and nortlons of the sol1 map Professor 0 J Belcher concelved and was 
largely responsible far the development of the au-photo u?erpretatlon, prepared 
the chapters VIII to XII on Axphoto Analysis of Soils, and assxted In the 
preparation of the sol1 map Professor L E Z-egg prepared chapter V on Glacial 
50115, parts of chapters II and '?I on Geology and Pedology and 'Naterlald Soils, 
portions of the so11 map, and supervised the laboratory tests of the ~011s 
Da>xa S Jenkins supervlsea the work for the Clvll Aeronautics Admlnlstratlon, 
concelved the expansion to a natlonmde basx, prepared chapter XIII on Appllcatlon 
of the Data to Axport Development, asslsted m preparation of the sol1 map and, 
asslsted by Caved N Cooksey, Jr. and others of the Clvll Aeronautics Aamunstratlon, 
edited and prepared the manuscript for publxatlon The lllustratlve sketches for 
the Arphoto Analysx Chart were prepared under the superv1slon of John Sebastian, 
and the sol1 nap (plate 1) was prepared for prlntlng by A M Weber, both of the 
Cxvll Aeronautics Admlnlstratlon The ground protography resulting In lllustratlons 
dispersed throughout the manuscript was conducted by R E Frost of the Joint HIghway 
Research ProJect staff Numerous other members of the hlghway research organlzatlons 
a;ded in drafting the orl@nal copy of the map, conducting sol1 tests, and assembling 
lnfornatlon In the form of aerial photographs, blbllographlc references, ana swunar~es 
of the test data 



CHAPTER I 

IhTRODUCTION 

5011s are products of nature upon which they are almost wholly dependent 
for theu fomatmn, dlstrlbutmn, ana ~l.ysxal and cherrlcal characterlstxs 
Therefore, =n tkelr natural states, so& are subJect ~,o analyses and mterpreta- 
t~ons bzsed on natural processes Thus, lf knowledge 1s available of the ar1&nal 
materm from which a sol1 was formed and of the condltlons to which It was exposed, 
general xformatlm concerning the resultmg sol1 1s mmedmtely derivable. 

In addltmn, avaIl=ble detalled data for one sol1 may be applxd m 
general to a second sol1 that m-~&mated and developed rider the same condltlons 
as the fust Thu 1s the Iunaamental hypothesis upon which the methods described 
in this report are based It holds true for all geolagxal formatmns, whether 
they be of bedrock or of transported materm moved by mnd, water, or ice 

Although the process of sol1 formation follows thm basic prmclple, the 
sol1 mantle 1s more complex than these statements might Indxate The countless 
comblnatlons of local condltlons that have existed during thousands of years have 
complicated this mantle and probably there are no two locations where the 8011s 
are Identxal throughout thex depths to bedrocK To illustrate a possible set 
of variables hypothetically, a bedrock in a certain locatlon vieathered and produced 
several feet of sol1 which later was covered by a series of glaciers and the con- 
sequent glacial debris During one or several of the u,terglac1al periods this 
location was an outwash area and later, perhaps, a lake bed too, so that deposits 
of granular naterul and lacustrlne slits Interbedded mth unassorted till covered 
the reslaual sol1 Each was weathered to some extent before bang covered by the 
next Finally, the last glacial lnvaslon left a coverIng of till which has been 
eXposed to weathering since the glacial period 

Evidence of chaneng condltlons such a5 these has been used for many 
years by geologists III analyzing the structure and physlcal hxtory of the earth, 
while those Interested mainly in the pedologxalz concepts of sol1 science have 
establlshed a classlflcatlon only partlally based on these varlatlons and the 
prlnclpie that slnular ~011s orlglnate from sunllar materials under su,,~lar con- 
dltlons. The materu.1 of prurary Interest to the pedologut 1s that which 1s 
relatively near the surface It ucludes the sol1 which has been appreciably 
weathered and in which plants prow, as well as the orlglnal or "parent" material 
from whxh the sol1 was deveioped Any deposit beneath the parent materu.1 and 
essentially different from It 1s generally not considered unless It has some 
Influence on the development of the sol1 above or upon plant development Thus, 
=n the lllustratlon previously cltea, the material of pedologxal slgnlflcance IS 

2Brlefly defined, pedology 1s the science that treats of ~011s u, their 
natural state To the pedologut, sol1 1s not a construction materx,l, but 1s a 
profIle dlfferentlated Into natural hor~eons Hence It has been desuable to 
dlstmgulsh between "pedologlcal characterutxs" and "englneerug characterlstlcs'l 
of so11 In the same ~eln "engineerlng sol1 tests" describe FhySlCal tests used 
in the design of englneerlng lnstallatlons but by no means embrace all physlcal 
tests. 



the flnal coverIng of till left by the last glacxl =nvas=on, that of engmeerlng 
slgnlfxance Includes all layers w-lch affect stablllty and strength of founda- 
tlons, ercaratlon, dralnage and ground-water characterlstxs, down to end possibly 
lncluolng the bedrock Since the begInnIng of this century, an IncreasIng amount 
of time and effort has been sp-n m t In developing the pedologlcal analJsls and 
classlflcatlon of SOllS, as 1s evidenced by the vast amourt of publIshed lltera- 
ture cancernlng the subJect The bzses fcr ldentlflcatlon and classlflcatlon have 
changed during the course of development from those concerned pr~marlly vnth 
differences In parent material, whch are essentially geologlcal, to those wblch 
~nc1uc.e the Influence of other environmental factors such as climate, vegetation, 
and topography, m addltlon to parent materials More recently, I' there 
has been a continued development toward a system based strictly on sol1 character- 
lstlcs - less on env~ramental and external features ant more on the Internal sol1 
morphology fl (43, p 981) 

With this development of Fedology an rxreaslng degree of dlfierentlatlon 
between the groups, particularly tte "series, II has resulted as addItIona refine- 
ments In sol1 characterlstlcs tave been recognized, consequently, the number 1s 
constantly IncreasIng, ;here Pelng at present several thousand eerles recognized 
in this country alone This, of cowse, conforms ,ntii the fact that ~011s are 
lnfxntely variable in rature so tnat It 1s possible to dlvlde a classlflcatlon 
in Infxnte detail The detail required XI such a system of classlflcatlon 
depenas upon ti-e degree of reflnenent necessary for its uractlcal appllcatlon 

In tbls country the greatest applxatlon of pedolagxal concepts has 
been In the field of agriculture OutstandIng among the lmoortart results of this 
appllcatlon are the sol: surveys ant reports of government agencies such as the U 
S Department of Agriculture (43) (4L) - rnci the agriculture colleges of various 
states, ooth In surveys made separately (352) (755) 
(205 1 (362) 

and In cooperative endeavors 
By these means, aescrlptlons ano pedologlcal classlflcatlons of sails 

pnthln the areas surveyed have been recorded, and haps have been prepared to show 
the locatIons of these ~011s XI accordance rnth lnformatlon wallable at the time 
of the survey All of the country has been lncluaed mth the degree of accuracy 
varyLng III dliferent localltles, but K general the smaller the area consIdered 
and the more recent the survey, the greater the detail obtalned Among the nany 
reports some dxcrepancles and contradlctlons exxt mainly as a re%lt of changes 
made In the ciasslfxatlon and the greater d&all obtalned In more recert survmeys 
2s Compared mth those Of earlier dates 

Wlthln the past feu years, xwestlgatlons and uees such as those made In 
Mxhlgan (454), hhssourl (483), end IndIana (5), have pro"en the feaslblllty of 
applying peaologlcal prlnclples to englneerlng sol1 problems, especially those 
arIsIng r hlghway design and construction When establIshed englneerlng sol1 
tests were used for lnvestlgatlng the posslblllty of correlation, It was shown 
that rnthln reasonable l~~~lts peaologlcal aata could be converteo to englneerlng 
test data, and vice versa Thus, new uses for much of the ~edolo~lcal Informatlon 
built up in the past were aoparent, also, the results lndlcated that so'pie future 
englneerlng sol1 analyses could be based on sol1 formlng processes so that the 
da%=, lnsteac of being lImIted In applxatlon to one sltuatlon only, could be 
applicable to all other locations Ishere s-~mllar condltlons exIsted 

This pedologxal approach tc the determlnatlon of tne cbaracterlstlcs 
of solls naturally has some llm~tat~ons In Its appllcatlon to englneerlng. In 
general, the llrutatlons are those of aepth and of d&all, the frst of Tvhxh 
excludes from conslceratlon raterlais below those Includea In the scope of 
peaology while the second 1s concerneo >nth the heterogeneous character of ~011s 
ana toe aegree of vanatlon which can exist pedologlcally nlthout practical 
sqn~f~cance to englneerlng problems The fact that this method of sol1 analysis 
1s not applicable to materials beneath those of pedologlcal slgnlficance does not 
xnply that ~011s at these greater depths were not derived through processes 
essentially the same as those by whlcl. 5011s are formed today, nor aoes It ~vply 



that the depths cansldered in pedology ai-e llrmted to a few feet mned~ately 
beneath the surface in fact, the "profile" of weathered so11 and parent material 

1s often many :eet in thickness, an exmple of one of the aeeper unconsolidated 
formtlons bemg the aeooslts of wmdblown sol1 or lams along the lower 
Mxmss~pp~ valley where depths of one hunared "1 more feet have been reportec 
(32, F 389) (43, P 1067) 

As sol1 formng processes have opera&a only to certain depths whxh 
vary in different areas 2nd \uLtn different mtermls, the deslgr! and construction 
of deep foundztlons, tunnels, and sm~lar works 1s mfluenced little by the ~011s 
consIdered in pedology On the other hand, practxally all of the hIghway, i-all- 
road, and aIrport sol1 "roblems are mthm thm lmlt IsetR?en tnese two extremes 
are some types of so11 engmaermg, such as those dealmg mth earth aams and 
levees, where the princmles may apply 

Because of the compxatlvely small mount o: work which has been done 
toward adaptmg Fea"l"glC2l concepts to engmeermg, the lmltatlons concernmg 
the detail practxable for such usage have not been oefxutely establlshed It 
appears, however, that for this purpose the geologxal derlvatlon of the parent 
materml 1s of mador mportance as a basx for classlflcatlon and as a factor 
affectmg the physical characterlstlcs af both the parent and the weathered sol1 
Also, age (tune elapsed since deposItlo"), topography, and clunate are mportent 
factors in this respect Hence, in Its present state of development, the engu,eer- 
mg mterpretatlon of factors determnmg sol1 characterlstlcs 1s concerned ?nth 
envu-onmental (geomorphx) features m"re t';an Nlth internal sol1 morphology There 
are exceptions to thx perspectl>me For examle, the natural structure of some 
~011s determmes to a great extent theu pemeabllltq, strength, compresslblllty, 
and sumlar propertIes affectmg engmeerlng performance On the other hand, 
factors such as color, number, relative arrangerrent, and thickness of horizons, 
depth of weathered 5011, and even chemical CornposItIon, all of urhlch are of 
importance 11, pecologlczl classlfxatlon, have been mlnlmlzed The o&al: 1s 
thereby sm?llfxd and a re~lsl"~ of romenclature 1s made possible Undoubtedly, 
future knowledge and needs may alter the mportance of some factors ana lnci-ease 
or decrease the axount oi aeta necessary for practxal use 

This work in aoaptmg pedolaglcal prmclplcs to engmeermg so11 analyses 
can be cons~~?red only ploneeru~g in nature, ano the speclfx data which have been 
obtamed are releTant only >u-Lthln somcxrhat lm,lted si-eas The Fl-lnCl@eS, houever, 
have world-unde appllcatlon With t'-e recent ana ramd expansion of transportation 
facllltles throughout the world, the need for using these pi-mc~ples I,, studymg 
alrport sol1 condltlons has becorre urgert and accordmg to mdxatlom, thx need 
ml1 be even greater in the future At present, the 'knowledge of soils, frorr the 
standpmnt of either pecology or engm-ermg, 1s slight or non-existent III many 
parts of the uorld, but partially to balance ttls deflclency there are geolog~al 
data avaIlable for almost all parts of the vor;d hdded to these, and frequently 
Of rruch greater importance 1n analyzmg ~011s wzth desirable d&all, are the data 
obtamable from aer~,l photographs (92) (5) hot only can the relief and sol1 
pattern be observea =n thu mimmr, but evilaence of differences =n charactermtlcs 
of ~01:s derived from dlfierent materials and under clfferent c"ndltlons have bee,, 
sham to be readily percaptlble in the photographs (93) 

As a result of the many new sol1 problenls arlslng through increased ax- 
port development and the need of s rapId methcd for study of sol1 areas, this 
research project was undertaken When the study was inaugurated It was planned 
that through various avaIlable means fifty oi the known ma~"i- ~011s of the con- 
tlnental UnIted States be classlfled and catalogued in accordance Nlth their 
propertles pertalnlng to theu use as au-port runways As the work progressed 
It was found that m"re ~011s could be con\enlsntly InclLded and that the funda- 
mentals for converting a pedoloecal systzm of classlflcatlon for 3011s =n this 
country could be establlshed on an englneerlng basis In addltlon, the technique 
of zlrphoto ldentlflcatlon of ~011s was fLrther developed as an advantageous ald 



m obtammg eng="eermg d&all 

Throughout thx report occasloral reference 1s made to pedologlca; sol1 
names This 1s done entirely for IllLs:ratlon purposes anc as ar ad to those 
farmllsr %nt\ those naPLes 

The results of this research are oased upon a relztlvely snail amount of 
engmeermg sod test data and a comparably large amount of lnformatlun obtaIned 
from geological and pedologlcal Lterature, aer-al photograzhx e-+aluatlon, and 
extensive field lnspectlons XI ma"y arezs The report, then, 1s concernea not so 
IPUC'? vntP eetalls but rather the nethoay for obtalnlng details when and where the 
necessity exists Because of the lln:ted arolunt of time spent, Lhe relatively small 
amount of detail consldered, and the large amount of area Involved, thx work 1s 
of the exploratory nature lntendea to shor. the feaslblllty of obtalnlng I" thx 
rra?ner the soil data required 1" axport aex?lopment In any work of this scope, 
mclucilrg as It does the entve TJn1t-a 5%;es, only the broad fundanentals of a 
technique can be presented For appl:caXon to an lndlvldual local problem It 
ml1 be necessary, as repeatedly sugzesxa, for the engineer to @Stan all local 
cata available, ard to temper his conclusions vxth co"slderat;ons of cilmate, 
topcgraphy, vegetation, and all other xCllences 



CHAPTER II 

NOTES ON GEOLOGY A"JD PECOLOGY 

Geology 1s the sclerce that mvestlgates the structure of the earth, the 
successive physxal changes It has undergone, and the causes which have produced 
such changes Geologists dlvlde the rocks of the earth Into three general groups 
lg"e"us, seomentary, and metamorpblc The igneous rocks are tkose that were formed 
through the solldlflcat1on of molten materm In age they range from the oldest 
granites to recent 12~2 Sedmentary rocks mere formed when lgnecus and other 
rocks were decomposed through natural processes ana the resultmg debris was trans- 
ported by natural agents to ne7-1 locations, deposIted =n layers and consolidated 
Some were agam uplIfted, erodeo, transported, and redeposltea ketamorphlc rocks 
were formed from either the Igneous or sealmentary rocks when heat and pressure 
altered the-r structxe and Fh-ySlC2i characterlstlcs Vllthln the three general 
groups there are many subdlvlslons, for detail descrlptlons of which the reaaer 
1s referred to other sources (28) (33) 

The process of rock transforwt;on may be illustrated by the dlslntegra- 
tlon of grzrlte (lgnneous rock) to provide fme-graIned matter vihlch wzs trans- 
sorted, deposIted, and compressed Into layers of semi-consolidated clay-shales 
;seolmentary rock), which =n turn through glgantlc applxatlons of heat and 
pressure were changed to slates (metamorphic rock) The granite 1s sometlrr,es 
rwwrorp-osed clrect, to form gnelsses and schists 

These destructive (erosIon) and constructive (deposltlon) a&Ions, In 
comblnatlon Pnth pronounced but graoual upllfts and lateral rrovenents have caused 
most of the country to be both below and above the seas at least once throughout 
the ages I!ence, the absence of material of d certain geologic period I" a part- 
lc~lar locality does not alwys mean that sedlmertatlon had not occurred I" that 
area curing that time Conversely, the fact that rocks of a given age outcrop 
locaily does rot necessarily imply that younger strata were never formed above the 
rock now exposed 

The 5x11 form and texture of sedznentary rocks and of all transported 
~011s (reap, plate 1, and Axrphoto Chart) are dependent "DO" the character of the 
suspenced mater~.l and the cor,dltlons of transportation under which they were 
moved and deposlted Although not a sedimentary carrier, ice 1s Includea as a 
transporting agent along vlth JI& and Ests These three agents of transporta- 
tlon operate under natLra1 laws that llnlt the partxle size and quzntlty of the 
load, ant the dxtanw which Its various fractions can be roved 

Wind 1s a selective agent from the start and accepts generally those 
partxles lying v;thln tne range of fine sand to very fine slit, but may Include 
some matenai of the clay s=zzs Once having accevted thx restrrctec type of 
material for transport, the ?nnd qulcxly sorts the load Into two dlstlnct classes 
and roves them unldrectlonally The naterlal classes as sand 1s literally 
rolled along the ground, often for relatively short distances, never rising higher 
than a few lest from the surface Yai,erlal thus movea horlsontally and as a body, 
or dune, by the mnd, 1s subIect to drect mfluence by extraneous surface con- 
dltlons occurring along Its path The slit and very fine sand, aqd whatever clay 
partxles are present, are llfted %gh above the surrounding ground features and 
carrled along a stralyht path The fine sand and slit 1s droppec vertxally as 
mdlvldual particles over the adJacent landscape, alsregardlng entirely the 
pESe"CS Of SIX-f2Ce feS.tUES The dxtance that slit 1s carrxd may be lqflrlte 
alshough the depth of deposit at distances much greater than 100 wles from the 
source 1n the UnIted States becomes 1ns1gnlflcant as a conslderatlon In englneerlng 
work The clay may be carried long alstances as dust before deposItIon 

Ice, because of Its great ablllty t3 incorporate fragments ln Its mass, 
can carry a volurce of material that 1s lImIted, not by the volume of ice, but by 



the amount of loose mater-ml available All sloes are moved for long distances 
across hills and valleys and are deposIted w'ei- vast ai-eas In continental Ice 
the path 1s somemhat du-ectlonal 

Water as an agent of transportation has establlshed the most dlverslfled 
collection and dutrlbutlon system Like ice, water gathers all textural classes 
from boulders to ciay Unlike ice, but like mnd, It umnedlately commences the 
process of sorting into SlrzS, droppug some, but always carrying further, and 
for varying dxtances, those sizes that are of smaller dumeter water flowu-.g 
from trlbutarles gathers material from many and diverse sources It -es and 
conveys the particles, grans, and fragments along Its path, which, unlike the 
pa+& of wind and ice, 1s always downhI The vaJur,e of material moved 1s a 
function of the size and velocity of the stream and Its trlbutarxs, and of the 
quantity and erodlblllty of the avaIlable material =n Its watershed 

Tne restrlctlans that lunlt the particle SIX and amount, as well as 
distance and dlrect1on of movement, also have an influence on the method of 
deposltlon Ice, over-rldlng all but the largest obstacles, often blankets the 
or~gu,al land features mth the heterogeneous assortment of materials that constl- 
tute Its load An assoclatlon of the character of the transported load and the 
few forms peculur to Ice-deposIted material gives purpose and slgnlfxance to the 
ldentlflcatlon of these land forms 

The dual role played by mnd m separating and transporting sand and slit 
pemts an almost pi-eclse evaluatlan of textures occurrln,o =n these two categories. 
Fust, sands forrmng in one of the characterlstlc shapes assumed by dunes create 
an u,dlvldual dnne whxh 1s a land form that 1s practically unmxtakable After 
having moved some distance from the source the proportIon of slit-suxd material 
re,mu,~ng UT the dune IS relatively low Although the mayor sorting accomplished 
by the wu,d occurs curing the ei-os=on phase, the loess (slit) 1s further separated 
during the transportat~on-deposltlon phase, as shown by grain size analyses of 
loess on an area1 basu (343) Porvener, performance observations and physxal 
tests made in connectIon mth this work Indicate that this addItIona segregation 
of sizes 1s not greatly slgnlflcant to design More slguficant are the envu-onmental 
condltlons such as topographx posItIon and character of underlying material 

It 1s cf equal importance to appreciate the slgnzfxance that 1~s ln the 
mechanics of loesslal deposItIon These slits falling vertxally, grax, by gi-au,, 
have only mu~oi- regard for the exlstlng lana forms an whxh they settle They 
blanket hlllsldes and hllltops, plau~ or valleys, thexs 1s generally a one-stop 
trip, for once the loess 1s deposIted It 1s seldom reclaimed by the lnnd That 
particular characterlstlc preserves the land form of the orqmal deposit and mln- 
~rmzes the confusIon that otherunse would result from the x,fluence of other than 
the transporting -mnd 

The deposltlonal characterlstlcs of water as a transportlng agent are 
fairly well known While It corpares favorably rnth ice XI the varxty of sleet 
of materials rrhlch It ml1 carry, It also Introduces a sorting actlon assocx,ted 
mtb aeollan deposits, but not 711th glacial actlon Unlike mnd, water 1s SubJect 
to a deflnlte channellzatlon and cyclic volume change vilth corresponding changes 
In ve1oc1ty These changes Introduce varlatlons =n deposItIona condltlons 
creating (vertxally) at any one point a series of beds or lenses of varyLng text- 
ural properties, the texture and depth of each of these depending upon the velo- 
city and duration of condltlons at the tune of deposltlon. 

Ice-aeposlted materials are generally of such recent arlgln that they 
have not contrIbutea materially to the formatlon of hard rock To a much greater 
extent there ex-Lsts rock formed by the lndui-atlon of Tnndblown, sandy materials 
These two together constitute but a minute fraction of the total when consldered 
vmth the rocks orlginatlng from water-deposited sedunents It 1s probable that 
the comparative absence of Indurated loess among the sedimentary rocks can be 



accounted for by the fact that loess 1s deposlted In slgnlflcant depths only in 
assoclatlon troth rolling relief, and usually adjacent to, but conslderably above 
the local base plane of erosion The relatively steep slopes pi-evalllng In 
loesslal areas, and the susceptlblllty of slit to erosl"n are condltlons favorable 
to removal before hardening processes can alter the lows Into a rock form 

Attentlan 1s then first focused on those rocks that derive their textural 
and structural characterxtlcs from the actIon of mavlng water Nearest the source, 
velocity of the flomng water 1s great enough to carry the m"re granular portlons 
of the debris greater dxtanges. Where the velocity decreases, more coarse-graned 
partxles are lost, and gradually the mzterlal being deposIted "ecrease~ In size 
until only the finest of particles reman In suspension Condltlons at one reach 
of a stream are never constant, howwer, as a flood of one magnitude may carry only 
slit to B given locatIon, but another, of greater force, may move even t5-e gravels 
to that vlclnlty It 1s commonplace, therefore, to find both vertxal and horlzonta.1 
differences In texture and thickness of related strata Introduce also the differ- 
ences In cementing materials that bind the lndlvlcual grains together and there 
1s created a class of StratIfled material that, when weathered, proiluces vai-lous 
and dlstlnctlve land forms tl-at are unque to sedimentary rock areas 

For those rocks mhlch were formed beneath the waters of the seas, the 
finer materials were preclpltated slowly and, upon bang combined vntb the 
calcareous i-emams of rrarlne organisms , provlaed the lngredlents necessary for 
the formatlo* of lImestones an" calcareous shales Upon the retreat of the seas 
and the uplIftIng of the land these rocks were expasea, sometimes ln horizontal 
posItIon, though often tIlted perhaps to the extent of becomIng vertical or nearly 
vertical In their present form As some of these exposed rocks are m"re resIstant 
than others, dlfferentzl ei-"sl"n "ccuix leaving the strongest strata as protruding 
land forms above the valleys occupxd by the weaker materials 

D~fferentlal erosIon of course 1s not llm1ted to those areas where the 
strata have been tllted Ofteltxnes the cap rock XI a system of horizontal rock 
layers may be vorn away locally, thus exposlng less resistant stone at lower levels, 
whxh, in turn, breaks aown at such a rap=" rate that ttie adJacent se&Ions where 
the cap rock 1s Intact reman at elevations sometames far above those of the 
surrounding land In that way rollIn& and rough topography 1s formed through the 
creation of natural dralnage channels, and, wIthIn a distance of a fe?r miles, very 
marked changes In the rocks of englneerlng slgnlflcance may occur. 

Most of the mountans formed by changes In the earth's crust are brought 
about by the great aastrophc moverrents which upllft, warp, and sometImes fault 
the strata Into long, narrow ridges It 1s through such changes, obviously 
dependent on en"rm"us pressures, that many of the metamorphx rocks are producea 
The structure of these materials 1s quite varv.ble although ordlnarlly jolntlng 
and fracturing are c"mm"n features associated vnth metamorphx rocks Other 
changes may occur merely through the '2XposuE of the rocks ta heat generated by 
molten material In sectlons adJacent to these rocks Oftertlmes this magma reaches 
the surface by flomng through fissures and cracks In strata vrhlch have already 
been formed, ano upon reaching the surface may be dispersed x, sheets of lava 
(fig 1) which sorretxwzs fill the lowlands and cepressed areas to great depths 
Upon cool~?g, these form the basalt and the la>,a rocks, such as those found "n the 
Columbia Plateau 

In contrast, the mclten material has often been solldlfxd mthout having 
reaches the surface, later to be exposed by er"sl"n of t>e over+ng and surrnund- 
1ng formations Because of the slon rate of c"ollr& and sol1dlflcatlon of these 
pnmar~ rocks, tbelr structure 1s different fr"m that of the qneous raterlals 
cooling on the surface, the former bang more coarse In texture St111 different 
1n mode of formatIon, the Igneous rocks may be prodxed by a iava fl"wLng from the 
craters of volcanos, the explosion of the volcano having previously removed any 
overljng rock, thus nakxq possible a path by whhlch the lav; reaches the surface 
In thx way, cinder cones form about the craters, rvltk- the floxs radxtlng from 
the centers These cones are easAy recognized by their form an" symmetry (fig 2). 



Fig. 1. Broken lava beds in western 
New Mexico. The cooling of the sur- 
face formed a crust that subsequent- 
ly collapsed after the still fluid 
lava had drained to lower areas. 

Fig. 2. The unique outline of 
cinder cones is well illustrated by 
this (Tertiary) volcanic land form 
in central Arizona. 

Aside from all of the indurated materials as factors in soil formation, 
there are the unconsolidated.deposits which cover approximately half of the country, 
and which, according to the definition used in this work, constitute soil both in 
their unweathered and weathered states. These are materials of fairly recent geo- 
logic origin produced through processes of glacial erosion and distribution, allu- 
vial action, or wind transportation. They include some of the deepest of soil 
formations overlying the solid bedrocks, depths of a few hundred to several thous- 
and feet not being uncommon. In contrast, the soil materials derived through the 
weathering of reek strata are seldom more than a few feet in depth, it being gener- 
ally believed, for example, that weathering of perhaps a hundred feet of limestone 
is required to produce a foot of residual soil. 

Although the composition of surface materials and attendant land forms are 
of primary importance in determining soil characteristics, geological data in this 
form are not generally available, except through some additional amount of inter- 
pretation. Most of the infcrmation produced has been collected, arranged, and 
published on the basis of a time or age classificat'ion system (40)3. Consequently, 
to convert this information to a form usable for determination of soil characteris- 
tics, it is necessary that the engineer be familiar with the nomenclature and sequence 
pertaining to geologic elements. Although the geologic time intervals are not 
general.ly of significance in engineering problems, nor of particular interest to 
the engineer, most geologic literature, such as that cited in the bibliography of 
this report, requires that the reader thereof be familiar with the geologic time 
scale. Therefore, Table I and accompanying discussions are included here as a 
ready reference. In the tabulation, symbolic of the time-strata relationship 
in which the oldest of strata normally lie at the base of a system of bedrocks in 
nature, the chronological progression of geologic intervals is read from the bottom 
upward. 

The periods included in the Archeozoic and Proterozoic, usually collectively 
referred to as Pre-Cambrian, represent more than half of the history OS the earth, 
according to the present conception of time intervals. Rocks of these periods, 

3Those interested in references to the pros and cons of stratigraphic versus 
lithographic mapping of geologic formation should consult pages 2-5 of this reference. 



although generally well represented in North America, are not differentiated with 
much exactness because of the scarcity of fossils available for correlation. It 
has been definitely established that both igneous and sedimentary rocks were 
formed during Pre-Cambrian time, but, with only a few exceptions, these were met- 
amorphosed to form numerous variants of the metamorphic group. 

Vhile Pre-Cambrian eras are well represented in North America, the actual 
exposures of rocks of this age are only sparsely distributed in the United States, 
these being almost entirely in the form of cores of mountains either existing at 
present, or long ago reduced to moderate heights. In the West (fig. 3) many 
mountains in Colorado, Idaho, Wyoming, and adjacent states, consist of these 
ancient materials, and many which are similar in age but different in method of 
exposure are found in some of the canyons, such as that of the Colorado River in 
Arizona. Farther to the east, in the vicinity of the Great Lakes, Pre-Cambrian 
rocks, which form minor projections from the great "Canadian Shield" to the north, 
are largely buried by glacial drift, so that occasional outcrops, particularly the 
"ranges" of Minnesota and upper Michigan, are the only surficial vestiges of these 
very ancient periods of time. Similarly, a considerable portion of New England 
consists of these materials partly overlain by a thin glacial mantle, which, in 
comparison to the bedrocks, is only incidental in determining the prominent land 
features. 

The most spacious of all Pre-Cambrian exposures in this country are those 
in the Piedmont and Blue Ridge provinces (20) extending from southern New York to 
Alabama. Here, to a considerable extent, these igneous and metamorphic rocks 
produced the soils existing throughout the region. Aside from the Blue Ridge 
Mountains which, of course, are still eminent in topographic position, the rocks 
in this section constitute the remains of a group of mountains that were worn down, 
and in the process supplied enormous quantities of debris now along the Atlantic 
and Gulf coasts and inland. 

The history of all the periods in the Palezoic era is, as was the case with 
the Pre-Cambrian rocks, of greater importance in the eastern half of the United 
States than in the West. This is true, not so much because of the lack of Palezoic 
formations in the West, but rather because younger materials extensively overlie 
the Palezoic rocks, sometimes to great depths. These were the periods in which 
the great sedimentary formations were built up throughout the inner portion of the 
country in conjunction with the inland seas that covered as much as sixty percent 
of the country at one time. 

Fig. 3. The relief of this chain of Fig. 4. 
subdued mountains is typical of many 

Cambrian (St. Croixan) sand- 

Pre-Cambrian outcrops in the western 
stone exposed in the driftless region 
of southern Wisconsin. 

United States. Archean granites, 
schists , gneisses, and quartzites 
form these mountain cores. 



In contrast to the rocks of Pre-Carrbrlan age, those of the CambrIan period 
were largely sedimentary (fig 4) However, most of these sandstones, shales, and 
limestones have been changed by subsequent folding, faulting, and Internal re- 
actIons to heat and pressure, so that they have been metawrphosed and are I" no 
nay comparable to the sedxnentary rocks Much of the CambrIan strata have been 
buried by younger formations, so that those of consequence to sol1 formatlon are 
"on lxr,~ted to the Ridge and Valley belt (20) I" the East, the non-glaciated 
reglo" in W~sconsln, and other Isolated sectIons 1" Mlssour~, Texas, and states 
west of the Rocky kountans 

Follomng the CambrIan period of geologic age a great portlon of the 
UnIted States was submerged so that I" large Inland seas sedimentary materials 
were deposited These later hardened to llmestones and shales. Curx,g this tame 
there was very little lg"neous actlvlty, and thus prx"ary rocks among these Ordovl- 
clan strata a-e unusual and relatively unxnportant At the close of this per-Lad 
of deposItIon, pronounced upllfts I" the East and I" the Mxs~ss~pol Valley reglo" 
resulted I" the formatIon of arches or domes, which have protruaed above all 
succeeding seas OutstandIng among these are the Clnclnnatl Arch, which 1s res- 
ponslble for the present Blue Grass 3eglon of Kentucky and the Nashville 3asln of 
Tennessee, and the Ozark Dome XI northern Arkansas and mssourl Further pronunent 
outcrops of Ordovlclan rocks are those in the valleys of ti-e Appalachian reglon 
exenipl1fled by the famous Shenandoah Valley and Its lx,,estones and dlstlnctlve 
residual ~011s 

'?lltb the exception of some metamorphic materials such as the slates I" 
the Taconlc reglo" of eastern New York, the Orcovlclan rocks east of the 
Mxslsslppl Fllver consist predominantly of alternating beds of limestones and 
shales, while I" those of the Ozark Dome the sandstone replaces the s>ale In 
the level, less dIssected regions, limestone, bang more resIstant than the shale, 
1s the cap rock, hence, the rexdual ~011s are derived "redam~nantly from lime- 
stones. In contrast, where the terran 1s more dxsected, shales, lx,,est,one 
fragments, and colluvla.1 materials are more frequently encountered 1" englneerlng 
constructlo" than are the associated residual 11mestone ~011s Finally, formations 
which may be of Ordovlclan age I" the West have "at been completely dlfferentlated 
from those of the Sllurlan period which followed These are of minor xnportance 
I" that they are now manly =n the form of mountains and rugged topography not 
conductive to the formatlo" of deep ~011s 

Outcrops of formxt1ons of the S&rla" age, as 1s the case with the older 
strata, are conflned largely to the eastern Unlted States Even I" the East the 
great maJorlty of Sllui-lan strata of limestone, sandstone, shale, and other sedl- 
mentary rocks, are covered mth glacial drift so that these rocks are important 
only as sources of aggregate and as influences determlnlng the topographx features 
In many localltles Most of the actual outcrops from which the soils were aerlved 
are spread throughout the Appalachian Valley regions and 1" more "arrow bands 
surrounding the Ordovlclan outcrops that have Just been dIscussed Lxnlted surface 
exposures of Sllurlan rater1als are locally x,,portant I" Arkansas and Oklahoma, and 
llkemse 1~ Callforma, Nevada, and Utah Some of the Slluraln strata of the East 
have been folded and faulted and because of 1ntervenlng erosional processes these 
materials sometxces occur as arches or ridges outstanding as resxtant topographx 
~Xpl-~SSlOIE Such a ridge 1s Tuscarora hKou"taln I" southern Pennsylvania and 
Maryland (635). 

In respect to the reglons of outstandlng deposItIon I" Devonian tx,es the 
period 1s scarcely dlfferent from that of the Sllurlan in that most of the out- 
crops are confined to the eastern portIon of the UnIted States where I" turn the 
greater amount of these rocks have been covered through glacial deposItIon In 
fact, the Devonian strata largely parallel those of the S~lurxr, age not only I" 
occurrence but m llthologx characterlstxs, the rocks being prx,arlly limestones, 
carbonaceous and other shales, and some sandstones Scattered outcrops of Devonian 
materials may be found 1" northern Callforn1a, southern Oregon, and eastern Nevada 



TABLE I 

GECLCGIC TIME DIVISIONS 
(Modlfled from Schuchert and Dunbar (41)) 

ERA PERIOD EPOCH 

Quaternary Recent 
Pleistocene (Glacd) 

Tertury PllOCe"e 
hhocene 
Oligocene 
Eocene 

Gretaceous upper (Cretaceous Proper) 
Lower (Comanchean) 

JUXSSlC Yorrlso" 
TrlaSSlC 
PUlUXl" 
Pe""SylVa"la" Carbo"lferous (Pottsvllle, Allegheny, 
tisslsslppia" Conemaugh, Monongahela) 
Devonian 
Sllur1a" Capgan (Upper) 

Nlagaran (Middle) 
&dman (Lower) 

Ordovlclan Clncl""atla" (Upper) 
Mohawkian (Middle) 
Canadmn (Lower) 
St Croxan (Potsdam) (Upper) 
Acadun (addle) 

C&Xla" 

Keweenawan 
Upper Huron1an 
1hddl.s Humman 
Lower Huronlan 
Laurentla" 

or 
Tmuskaman 
Keewatm 

Waucoban'(Geor&") (Lower) 
Soterozolc 
Algom~an) 

,rcheoemc 
Archean) 

PIY- 
Cm- 
brmn 

I 
Followmg chronologxally are the formatmns of the Carbon~ferous system, 

so named manly because of the extensive coal depcmts formed during these times 
Here agal" the character of the rocks 1s that of the sedmentary materials mth 
sandstone and shale bang predommant in the so-called Pennsylvanian fomatmns, 
and lmestone and shale prevalmg 1" the M~smslppmn group These are the most 
mdespread of all outcrops thus far consIdered I" the geologx time table, ana I" 
extent they are not lmmted to the eastern and central states as has been the case 
preYLously Important and outstanding surface features I" Pennsylvania, south and 
westward through the brassxslppl Valley, a"" I" the Great Plams reelon are controlled 
by these rocks Farther to the west in almost every state, outcrcps chiefly of 
lmestone predommate mong the sedmentary formations 

Texturally, the rocks of the Ylss~sslpp~a" permd are lmestones, sandstones, 
and shales, smetm,es I" the form of massl~e strata, but elsewhere lmmated and 
thmly bedaed Begmnlng I" eastern Pennsylvania where these material are pi-e- 
domumntly sandsto"es and shales, the formations of this age extend about the 
northern boundary of the Ridges ana Valleys, ana graae lnta sandstones, lurwtones, 
and shales, I" local outcrops along the western edge of this prov=nce, throughout 
Its length, to Alabama Outcrops dominated by sandstones and shales reappear 



in central and southern Ohio and northeastern Kentucky, as well as in other 
isolated areas. From southern Indiana, southward into the Pennyroyal District 
(54) of Kentucky and the Highland Rim of Tennessee and Alabama, the limestone 
members become of greater importance, often as rocks high in silica content. 
Similarly, cherty limestone prevails in the Mississippian rocks of the Spring- 
field Plateau section of Missouri, Oklahoma (fig. 5), and Arkansas. 

Fig. 5. Outcrop of limey chert in the Arbuckle 
Mountains of southern Oklahoma. 

The Pennsylvanian rocks are the primary coal-bearing members of the 
Carboniferous materials. East of the Mississippi River these are subdivided 
into Monongahela, Conemaugh, Allegheny, and Pottsville. The formations consist 
of massive to thin-bedded sandstones, shales, many beds of coal and associated 
underclays, conglomerates, limestones, and other sedimentary materials. Sand- 
stones, being outstanding and more resistant to weathering than most of the 
other materials, frequently occur as cap rock on plateaus or on hills in 
dissected regions. In the latter instance, colluvial materials are more impor- 
tant for engineering purposes than are the residual soils derived from the cap 
rock sandstones in the adjacent areas. Likewise, the clay-shale strata are 
very troublemein some dissected regions. 

Materials of the Permian period, which closed the Paleozoic era, are 
in the eastern portion of the country limited to an elliptically-shaped area 
extending lengthwise from approximately the location of Pittsburgh in Pennsy- 
lvania southwestward almost to the most southerly point of Ohio. In the central 
and western states outcrops of Permian rocks prevail in a band from southern 
Kansas through Oklahoma to central Texas, where physiographically they form the 
eastern stretches of the Great Plains region. Similar rocks of greater depth are 
exposed in western Texas and New Mexico and in the plateau sections of northern 
Arizona and southern Utah, and additional rocks of this age are confined to more 
limited sections of Montana, Wyoming, and Colorado. Permian beds in the Guadalupe 
Basin of western Texas and New Mexico are primarily of marine origin and were 
deposited during periods of a slowly receding sea. As a result, these strata 
change abruptly from limestones - representing coral beaches - to shales, gypsum, 
salt, marls, and even sandstones. Those beds of northern Oklahoma and Kansas are 
primarily continental deposits where sandstones and shales predominate. Many of 
the strata of this age are commonly referred to as "red beds" because of the 
peculiar color of the rocks, p robably accounted for by the generally widespread 
arid conditions which existed during the time that those materials were formed. 
It should be noted, however, that neither the color nor the name applied to the 
formations of this age is exclusively confined to those materials, there being 
red beds in numerous other areas and other age groups in different sections of 
the country. 



In proceeding upward through the Mesozoic era, the center of interest 
shifts from the eastern and central portions of the country to the West, for it 
is there that the formations of Triassic, Jurassic, and Cretaceous periods are 
most abundantly exposed. The Triassic rock of the East were formed princi- 
pally as a belt of lowlands extending from New York City through Pennsylvania and 
Maryland into Virginia, with outliers elsewhere in Virginia and the Carolinas, and 
a northern extension represented by the Connecticut Valley (fig. 6). The rocks 
consist of soft sandstones, shales, and conglomerates, and are largely red in 
color. Igneous rock in the form of sills, dikes, and similar structural features, 
such as the Palisades overlooking the Hudson River, are outstanding land forms 
frequently serving as sources of aggregate in these lowlands. 

Only slightly removed from the Triassic lowlands are the Cretaceous 
materials forming the inner borders of the Coastal Plain from New Jersey south 
to Washington, D. C., and resuming their course in North Carolina to extend in an 
incurvate band terminating approximately at the juncture of the Ohio and Mississippi 
Rivers. These materials are of diversified texture, ranging from poorly consolidated 
rocks through marls and clays, to sands and gravels. West of the Mississippi, begin- 
ning in southern Arkansas, the Cretaceous outcrops become more extensive in their 
distribution , particularly through the central and eastern parts of Texas. 

Fig. 6. Outcrops of minor intrusion 
in the Connecticut Valley, the Tri- 
assic sedimentary rocks on the right 
having been tilted by the intrusion 
of igneous materials exposed on the 
left. 

Fig. 7. Highly dissected Triassic 
"red beds" in the Painted Desert 
of Arizona. Differences in texture 
and resistance of the rock strata 
are manifested by variations in 
ground slopes and erosional features. 

The Triassic deposits of the interior western states are primarily red in 
color and, like those of the Permian, the deposits consist mostly of sandstones 
and shales with some limestones, salt, and gypsum. Volcanic ash is frequently found 
in the red beds of Arizona and Utah. The Painted Desert of Arizona (fig. 7) and 
the Great Red Valley of the Black Hills contain these rocks. Throughout the 
Colorado Plateaus the Triassic materials consist primarily of soft sandy shales, 
grading into limestone beds in Nevada. The Triassic marine formations of Nevada 
and California outcrop in rough mountainous areas, and in the former state the thick- 
ness of these beds is reported to exceed 25,000 feet. 

Jurassic rocks are surface materials only in more or less isolated sections 
of most of the states west of the Great Plains. They consist primarily of sandstones 
and shales, are frequently red in color, and frequently contain gypsum. Volcanic 
activity is indicated in many of the Jurassic beds. Rocks of both Jurassic and 
Triassic ages are extensively distributed in California and adjacent states, these 



havmg been orlgmally deposited as marine, lacustrlne, and fluvlatlle sedments 
later mdui-ated and fmally metamorphosed 

West of the tissmupp~ River, the Cretaceous rocks are mportant surface 
materials 1" many se&Ions of the Great Plans, the Colorado Plateaus, and the 
Gulf Coastal Plan, and to a runor extent in California and Oregon Eunng the. 
!&ddle Cretaceous tunes, a trough-like land form known geologxally as the Rocky 
Mountam geospclme stretched from the present Gulf of Mexxo to the Arctic 
OCSS." Thx lowland was the basm of a shallow interior sea, Its mdth extendmg 
aporoximately from Mmnesota to Idaho, and from central Oklahoma to Nevada (41, p. 
348). Precedmg and followmg this lnundatlon, I" early and late Cretaceous 
tunes, much of the ~""er portlon of this country was a" area of deposItlo" for flu- 
vu.1 materxi1s As a result, "on-maru,e beds blend mth the mai-lne beds 1" many 
cases along the western border of the Great Plans The four important groups of 
rock strata I" the Great Plau,s and I" associated areas of addacent moontans, are 
conmonly referred to as Dakota and Laram~e of fresh water on@", and the Colorado 
and &ntana of marine orlgl". Along the Paclflc Coast the upper Cretaceous forma- 
tlons conslet of marine depoxts 

The lower Cretaceous rock exposures cover a large ai-ea. I" Texas begrr,u,g 
iAlth the Fdwards Plateau and extendlng northeastwar" Into Oklahoma and western 
Arkansas The Fdwards Plateau consists of maes=~e limestone, while the rocks to 
the north and east vary I" texture from I-mestones and shales through sandstones 
even to clays Parallelx,g these formatray and extending from the Rio Grande to 
southern Oklahoma and Arkansas are upper Cretaceous materu.ls of the Coastal Plan. 
In physlcal and topographxal characterlstlcs these resemble contemporaneous strata 
I" Alabama and Mlss~ss~ppq bang largely cornnosed of marl, Chalk, weakly cemented 
calcareous rocks, and clays, sands, and gravels. 

Along the western border of the Great Plains I" northeastern New Mexico 
and southeastern Colorado and I" eastern Kansas, the basal rock member 1s the famous 
Dakota sandstone Thxx member outcpops along the eastern border 1" Kansas from the 
big bend of the Arkansas River northward Into southeastern Nebraska Outcrops are 
exterslve 1" the Great Plans reglo" of Colorado and northeastern New Mexico, 1" a 
se,,,-cucular area around the Black Hills, and along the borders of other mountxn 
uplIfts along the western border of the Great Plans Tne upturned strata along 
the mountains collect water whxh flows eastwardly beneath much of the surface of 
the Great Plains reglo" where It becomes the source of artesua water of reliable, 
but llmlted, volume. This member 1s several hundred feet 1" thickness ard consists 
prFmarlly of sandstone, although there 1s a" abundance of shale 

The members of the Colorado group, whhlch Includes the Benton shale and 
Nlobrara chalk 1" centrel Kansas, are found extensively I" northeastern New Mexico, 
southern Colorado and I" many SectIons of Montana and Wyornlng, as well as I" the 
Colorado Plateaus The chief rock type of the Colorado group 1s shale, although 
sandy shzles, limestones ana maselve gravel-formIng sandstones &i-e encountered 

The Montana group 1s consldered under two categorves In and around the 
Black Hills and prxnarlly I" South Dakota, the surface exposures consut of 
Pierre shale The cap rock on the outer borders of the shale consist of the 
Fox Hills sandstone I" Kontana and Wyormng, the Montana group consists prlmarlly 
of r,arl"e shale, blended Into fresh-water sandstones (Eagle, Claggett, Judith 
Fkver, and Bearpaw for&Ions) Marry of the cap rocks of the Colorado Plateau are 
of Cretaceous age (Mesa Verde) Scattered outcrops are fauna also I" other Rocky 
Yountam states, while these materials I" Callfornla are assaclated mth volcanic 
act1vlty 

FolloPnng the close of the Mesozoic era, the so-called Tertxry (41, p 383) 
and Quaternary groups I" comblnatlon form the Cenozoic era. These groups a-e sub- 
dlvlded into the Eocene, Oligocene, Miocene, ana Pliocene - all I" the Tertiary period 
whxn preceded the great epoch of contu,ental glaclatlon - and the C&aternary, which 



includes the Pleistocene and Recent. The materials of the Tertiary period of 
deposition prevail throughout three principal regions.of the country: the Coastal 
Plain, the Great Plains and Wyoming Basin, and the sections m<thin and west of the 
Rocky Mountains. 

In the Coastal Plain these deposits are mainly of marine origin and for 
the most part are unconsolidated - a condition which is somewhat duplicated in 
portions of the Great Plains where‘outwash materials are often referred to as the 
high plains mantle (Ogallala-Arikaree). Originally this unconsolidated high plains 
mantle was of considerably greater extent, but erosion has removed parts of the 
mantle, sometimes thousands of feet in depth, thus exposing earlier Tertiary 
(and older) materials which, since their deposition, have been semi-consolidated 
into weak rocks mainly of the character of sandstones and shales. 

The oldest of these rocks are those of the Fort Union group and the 
associated Cannon Ball marine member of the Lance (fig. 9). Above these are the 
Wasatch, Bridger, Uinta, and White River Groups. In generzl, these rocks consist 
of friable, colored sandstones, 'lsomber" clay shales, and many deposits of coal. 
Where coal is on or near the surface, as in southeastern Montana, large areas have 
been burned and the resulting material is referred to as scoria. Widespread 
deposits of Tertiary rocks of both marine and continental origin are found in beds 
many thousands of feet in thicbess, along the coast in Washington, Oregon, and 
California. These materials vary from unconsolidated sands, silts, gravels, tuffs, 
vclcanic ash, lacustrine clays, and diatomite, to consolidated conglomerates, sand- 
stones, shales, and tuffs. 

Fig. 8. Dissected granite of the 
Idaho batholith formed near the 
close of the Mesozoic Era. 

Fig. 9. Braided stream channel cut 
in the Eocene (Lance - Wasatch) rocks 
of the northern Great Plains region. 

Among the formations of Tertiary age are igneous rocks which outcrop 
extensively in all the Rocky Mountain states and those to the west, an example 
of which is the Columbia and slightly younger lava flows in Oregon, southern 
Idaho (fig. 8), and the Yellowstone Park District. While some of these primary 
materials are represented in present mountain systems, the more typical land 
forms are plateaus, of which the Columbia Plateau alone is more than 200,000 
square miles in area. Other Tertiary volcanics outcrop southward throughout 
the Basin and Range ,province and in many mountainous outliers. Associated with 
lava flows, fresh-water lakes have been, and in some instances still are, in 
existence in Idaho, Oregon, Washington, Nevada, Utah, and California. The 
lakes have resulted in the deposition of lacustrine and fluviatile materials 
consisting of volcanic ash, diatomite, clays, and some weakly consolidated sand- 
stones and shales. 



I” 

Fig. 10. Physical features such as these in north- 
eastern Wyoming are representative of conditions 
associated with the Tertiary formations of the 
northern Great Plains and the Wyoming Basin. 

Following the close of the Tertiary period there was, throughout all 
of the northern sections of the country, widespread continental glaciation, 
which resulted in the formation of a mantle of debris commonly denoted in its 
entirety as glacial drift. In some localities this mantle is as much as several 
hundred feet in thickness, and in composition varies throughout the entire range 
of clays, silts, sands, gravels, and boulders - all being derived from different 
types of bedrocks. Several stages of glaciation are known to have occurred, 
and during interglacial periods fine materials washed from the drift were lateral 
transported by winds to form sheets of loess. The windblown materials derived 
from this source, combined with those fine-textured soils removed by the wind 
from the semi-arid to arid regions , provided extensive deposits of this one- 
sized soil throughout the central and northwestern portions of the country, 
especially in conjunction with major stream valleys (fig. 11). Mountain glaciers 
existing locally in sympathy with the continental ice sheets formed moraines and 
terraces at the base of some of the western mountains. 

lY 

Fig. 11. Deep deposit of loess in eastern Nebraska, 



Not all of the Quaternary deposits are of the glacial or windblown 
origin, however, there being along the Atlantic and Gulf Coasts bands of un- 
consolidated (principally marine) materials, most of which are contemporaneous 
with the glacial deposits in the north. Other Quaternary materials prevail 
in all of the valley sections of the Basin and Range region in iJtah, Nevada, 
California, and Arizona, and to a lesser degree in a number of other western 
states. In these situations, outwash derived through the wasting of mountains 
was deposited by flowing water in the form of fans, valley trains, and terraces 
(fig. 12), and occasicnally lacustrine plains, bolsons, or playas. 

Fig. 12. System of outwash terraces near the 
Shoshone River in Wyoming. 

Currently, materials of Recent age are constantly being deposited 
on the flood plains of streams and rivers, and in some instances deltas are 
being formed, as is the case with the Mississippi River where, in time and 
under favorable circumstances, the materials will become shales. 

The orderly process of soil development and the sensitive response of 
parent materials to envircnment markedly enlarges the significance of such a 
map as the one appended to this report. To one acquainted with geology in the 
applied sense, the designation of a particular soil area as one in which J1soils 
have been derived from the weathering of limestone," is equivalent to a multi- 
page description of land features; the soil scientist encompasses these details 
and in turn further organizes them into details largely based on ground slope 
and often on subtle variaticns in the soil responding to differences in the 
parent rock. Therefore, he envisages not only the situation of a limestone 
parent material and the type of topography so intimately associated with this 
rock but also he is free to draw from mental storage the facts regarding soil 
color, acidity, texture, structure, drainage, and many other details. Therein 
lies the intrinsic value of the soil series name, for that name (based on a 
type location) although highly esoteric, implies in rather precise terms the 
origin and character of the parent material, the number and depth of horizons 
in the profile, the color, texture, drainage, acidity, and surface slope. In 
addition it connotes many things related to these properties found in the parti- 
cular profile, whether it be suitability to the cultivation of peanuts, a given 
bearing ratio, or perhaps a notable susceptibility to frost heaving in cold 
climates. Thus the words Miami, Susquehanna, Frederick, Tulare, Hyrum or Sioux 
are full of meaning to those acquainted with this unfortunately named science of 
soil formation. Often the connotations associated with these names are interest- 
ing. The Iiyrum and the Sioux series imply somewhat undesirable soils agriculturally. 
To an engineer they should, figuratively speaking, shout a welcome, since both are 
gravel deposits commonly found associated with large flat areas of fine textured 
soils where gravels are needed for construction. 



It suffices, for this report, tc cay that the processes of weathering, in 
combination with other chemical and mechanical actions, creates a soil profile, 
or series of layers, that in many areas bears little resemblance to the parent, or 
underlying, material. Parent material is usually considered as the relatively 
unweathered material from which the scil originated , generally located at the base 
of the profile. It may be rock, glacial drift., loess, or some type of water laid 
material. The layers of.the soil profile are referred to as horizons. 

Generally, the l'A!l horizon is tne surface material or the topsoil. It 
has undergone severe chemical weathering since it receives the unsaturated, slightly 
acid solution that is rain water. Not only chemical weathering has taken place to 
remove the soluble portion, but an actual mechanical migration of colloids and clay 
size particles has also occurred. 

The IlBll horizcn (figs. 13 and 14) or the zone of accumulation, possesses 
net only the products of weathering originating within the zone, but it has also 
received by mechanical migration the clay particles from the "A" horizon. This 
accumulation of clay in the profile ma> result in a claypan development. 

Fig.13. As hallow cut section in glacial 
drift showing the exposed A and B horizons. 
The contrast in texture and porosity be- 
tween these two horizons is implied by the 
distinct break in the upper boundary of 
erosion that coincides with the exposed 
portion of the B horizon. 

Fig. 14. Erosion of the plastic 
silty-clay B horizon in a rela- 
tively deep residual soil accen- 
tuates the differences existing 
vCthin a weathered profile. 
The intensification of red in 
the lower profile is reproduced as 
a medium gray: 

Because of variations in rainfall and age, the development of many soils 
will vary from this general process. Humid areas provide excellent conditions for 
strong profile development. The easily-weathered glacial materials in the humid 
regions probably provide the classic example. Under such conditions the materials 
that are sensitive to weathering respond to comparatively slight changes in slope 
so that there is a definite recurrence of a particular profile on similar slopes 
within a given parent material area. 

Several factors other than rainfall tend to modify profi:e development. 
When there is an absence of clay-forming minerals in the parent material the 
horizons having contrasting textures do not occur. In these areas profile develop- 
ment has little influence on design, construction, and drainage. If within these 
humid areas, there is encountered a "young" soil such as is found on flood plains 
or on steep slopes, here too , profile development will be found weak or non-existent. 
An impervious material deposited in backwater, or in lacustrine areas likewise will 



not manifest a strong prof;le In such u-,stances the texture and mpermeab~lity 
have reduced the amount of water flomng through the profile and in effect have 
made 1t a young sol1 LJI terns of weathermg In these the parent materv.1 1s only 
slightly altered Vegetatmn also may Influence the development of the profIle by 
seriously affecting the water-intake of the surface, oi- the InfIltratIon capacity 
of the ~011. 

In consldermg clunatlc zones where the rainfall 1s low and evaporation 
losses from the sol1 high, there IS a correspondingly low degree of chemical and 
mechanxal weathering, this results m a conparatlvely we& profIle development. 
As the Influence of evaporatwn increases, evidences of preclpltated calcium 
carbonate appear III the profIle In the areas most favorable to this action 
cemented beds of callche form in the profile 

The use of r,format~on on proflles - commonly referred to as pedologxal 
methods - for conetructlon and design purposes requres come conslderatlcn of the 
depth of excavation to ta&e place Preva111ng ground slopes are often In excees 
of perm~sYole grades, therefore, cuts are requred. If depth of cut does not 
exceed the depth of the weathered proflle, the material for=nng the "B" horizon w.11 
act as subgrade mlhere a cut exposes parent mater1a1, a set of contrasting so115 
~~11 form the subgrade III the cut For example, in glacial drift the plastic sllty- 
clay "B" horleon ml1 be exposed at the entrance to and exit from the cut whhlle 
III the center serm-granular parent material wrll form the subgrade In many au-port 
sites the angle between the establIshed grade ana natural ground slopes 1s very 
small - often less than one degree Under these clrcumstances several hundred feet 
of sub@-ade may fall mt,hln the "R" borlzon even though the profIle may be only 
three or four feet in depth The change u-, texture and moisture condrtlon between 
the varloue horleons of the profIle has consIderable lnf1uerc.e on the supportlng 
pOWt?r In subgrade stabAlzatlon, the design of the ULX should take these predIctable 
changes Into account since the proper admixture proportlons ~lll vary prldely. 



CHAFTER III 

RESIDUAL SOILS 

The term residual ~011s 1s meant to apply to those materials mhxh have 
been developed XI place from bedrock, ana consist prmarlly of msoluble residue 
of the rock materml In thm work, an endeavor has been made to dlstmgulsh 
between so115 developed from consolidated rock and those conslstmg of uncon- 
solldated materials which have been transported by mnd, ice, and water in rather 
recent geological tmles 

Residual ~011s are mdely dxtrlbuted throughout the Unlted States. As 
shown on the map, plate 1, the largest contmuous area 1s I,, the east-central 
part of the country, between the glscxil bounaary ana the Coastal ?lam Alaost 
equal in slz;e and sorr.ewhat similar m outlme 1s that group of residual smls 
west of the Misslsslppl which extenas from the tissourl Paver and the northern 
boundary of Kansas southwestward to the RIO Grade Other areas of this category 
exxt along practically all of the western edge of the Great Plans, I,, the 
Wyommg Basm and Colorado Plateaus, ana elsewhere =n large 2nd small extent, 
throughout the Rocky Mountam states ano those bordermg the Paclflc Coast 

The descrlptmns which follow refer to the thx-teen residual sol1 groups 
outlmed by names, symbols, and boundarIes on plate 1 

Lmestones. Includmg Dolomtlc and Cherty Limestones 

Soils aeveloped from lmnestone are to be found XI the Umted States in 
the East, the fidwest, the Southwest, and to a llrmted extent, in the West. Wlthm 
the Appalachian Mountam region there 1s a sei-=es of ridges and valleys conslstmg 
of bedrock of Ordovxxm, Cambrxm, Mxs~slpplan, and other ages The soils of 
the Shenandoah Valley of Vxgxna, the inner Blue-grass Region of Kentucky and the 
Nashville Basin of Tennessee, are Included =n this group. Slmllarly, 11mestones 
conslstlng entxely of the tisslsslpplan age, form the parent materials for ~011s 
of a continuous belt reaching from southern IndIana Into western XentucQ and east 
and southward through Tennessee Into northern Alabama 

West of the M~sslssipp~ River a smaller area of CambrIan and younger 
limestone ~011s occurs in the Arbuckle Nountans x, southern Oklahoma In eastern 
Kansas there 1s a north-south band of ~011s derived from cherty limestone of Perrman 
age and known as the Flint Hills Flnaily, these ~011s occur extensively 2s sur- 
face material of the Ozark Plateau, the Edwards and Stockton Plateaus of southwestern 
Texas, and the Kalbab Plateau =n Arleona (fig. 15) AddItIonal lxnestopes are mdely 
dlstrlbuted throughout the UnIted States but in most Instances these are lntermlxed 
with shales and sandstones, the resulting outcrops bang too small to be shown on 
plate 1 

For the most part the topography of limestone regions 1s undulating to rmldly 
rolllng, except where crustal movements have turned the strata appreaably Ridges 
and valleys are common but in the larger areas lxnestones form the cap rock of 
plateaus of great extent Sxxe most of the constituents of limestone are soluble, 
these materials are famous for subterranean streams such as Lost River XI Indiana, 
for caves such as Carlsbad Caverns in New Yexlco and timmoth Cave m Kentucky, and 
for slnhholes (fig. 16) 

5011s developed from lxnestones consist largely of the Insoluble residue 
whhlch 1s left on the surface as the soluble mate-la1 1s carrxd away by leaching 
processes and erosion Iron, bang an insoluble component of the rock, 1s one 
of the materials that reman, and accounts for the predormnantly red color of 
~011s derived from limestones (18, p 108) 



Fig. 15. Failure of flexible pavement 
located on soils derived from the lime- 
stones of the Kaibab Plateau in Arizona. 

Fig. 16. Sinkhole in Mississippian 
limestones of southern Indiana. 

Although many limestones contain chert in the nodule or bedded form, few 
contain sufficient quantities of chert to influence strongly the soil profile. 
In several instances limestones passed through a stage of development conducive 
to the formation of generous quantities of dhert. Where these rocks have been 
exposed sufficiently to develop soils, the high chert content has influenced the 
character of the prcfile to the extent that special consideration must be given 
them. The cherty soils of the East are mapped as Clarksville, Baxter, Elliber, 
and Frankstown (37). Although not separated from other soils of limestone origin 
on the map (plate l), these form somewhat banded and parallel areas starting at 
the Virginia-Tennessee border and extending southwestward across Tennessee and 
northwestern Georgia into east-central Alabama, terminating near the Coastal Plain 
border. An inner band partially encircles the Blue-grass Region of Kentucky and 
connects with a similar area that partially encircles the Nashville Basin and 
continues southward to terminate at the Alabama-Tennessee border. 

Other cherty soils dominate in the Ozark region of Missouri and northern 
Arkansas and again in the Kansas Flint Hills. These are variously mapped as 
Baxter, Clarksville, Summit, and Crawford. 

Dolomitic limestones are more weather resistant than those forms of 
limestone that are nearly pure calcium carbonate. The magnesium carbonates in 
dolomite being less soluble than calcium carbonate retard soil development and 
lend a silty influence to the soil texture. Limestones of this nature are 
widespread in distribution but localized in occurrence. Climate too is an 
important factor, particularly precipitation; other things being equal, it is 
to be expected that the soil mantle would be deeper in the more humid climates. 
Thus, owing to the dry climate, 'the youthfulness of the formation and the com- 
position of the parent rock, the soils of the Edwards Plateau are shallow, 
poorly developed, and dark colored, while those of the Shenandoah Valley are 
deep, well-developed, and red in color. 

These several variables have been recognized by the pedologist in the 
preparation of general soil maps (43) (44) as is indicated by the variety of 
soil names used. For instance, soils of the northern Appalachian Valley are 
mapped as Hagerstown-Frederick, while those of the southern portion and 
adjacent areas of northern Alabama are known as Decatur-Dewey-Clarksville. In 
the inner Blue-grass region of Kentucky the soils are mapped as Maury-Hagerstown; 



in Indiana and Kentucky as Hagerstown-Frederick; in central Tennessee as Dickson- 
Bater and Maury-Hagerstown; in the Ozark Plateau as Baxter-Lebanon and Clarksville- 
Lebanon; and finally those of the Edwards and Kaibab Plateaus as Valera-Ector. 

Physical tests show that soils derived from limestone are relatively 
plastic. They frequently have a liquid limit of 50 or 60 and above, with corres- 
pondingly high plasticity index numbers. The texture and plasticity notwith- 
standing, these soils are remarkably well drained, largely because the bedrock 
permits percolation of water through cracks, crevices, and sinkholes and because 
the soils develop a rather fragmentary structure. However, there are areas of 
imperfectly and poorly drained soil in the cherty limestones of the Highland Rim 
of Tennessee and Kentucky, and when the natural structure of the well-drained 
soils of this group is destroyed in earthwork for engineering structures, they 
too become plastic and react much the same as other clay-like materials under 
pavements (fig. 17). Pumping of rigid pavements in the highway systems of the 
various states has been observed to be extensive in limestone-soil regions. Like- 
wise infiltration capacities of the undisturbed soils may not prevail at all when 
the soil is moved. During construction these materials are not easily manipulated 
because of their plastic characteristics; in addition, solid bedrock generally 
exists at from three to ten feet below the surface. Sinkholes can become a major 
engineering problem, but occasionally vertical drainage may be accomplished by 
perforating the limestone. 

Fig. 17. Pumping of rigid pavements, under suitable 
conditions of climate and traffic, is a highway pro- 
blem in limestone-soil regions. 

Sandstones and Sandstones and Shales 

Soils developed from rocks in which sandstone is the predominating material, 
occur in the Appalachian Plateau and sections of the Interior Low Plateaus in south- 
ern Indiana and western Kentucky, in and near the Ouachita Mountains in Oklahoma 
(fig, 18) and Arkansas, in large areas of central Texas and north central Kansas, 
and in several denuded sections of the Great Plains in eastern Colorado and in 
northeastern New Mexico. The Colorado Plateau in Arizona, Utah, and Colorado, 
contains extensive outcrops of sandstones with some shales. 

Sandstones are sedimentary rocks consisting predominantly of fragments 
of quartz grains which are consolidated and cemented. Variations of sandstones 
depend 1argelJ on the cementing material and they are named accordingly, i.e., 
calcareous sandstone, ferruginous sandstone, and siliceous sandstone. The 
presence of other minerals is indicated by the use of terms such as micaceous. 
These sedimentary deposits will vary in structure depending upon such conditions 



as water currents at the time of deposition, which result in the development of 
marine sandstones, those that are stratified or bedded or cross-bedded and those 
that are laminated. Most sandstones contain varying quantities of* silt and clay, 
since these materials would be carried in suspension in the water currents during 
periods of sedimentation. 

Fig. 18. Undulating topography with low Monadnocks 
in the distance associated with the residual soils 
originating from Pennsylvanian sandstones in eastern 
Oklahoma. 

These and other physical and chemical variations are important in studying 
and evaluating the soils derived from such rocks. For instance, a sandstone in a 
humid climate with a calcareous binder is likely to have a deeper soil mantle than 
a similarly located sandstone with an iron binder; likewise, in a humid climate a 
sandstone with a siliceous binder will produce a very thin soil, since the entire 
mass is resistant to weathering. In the weathering of sandstones the quartz grains 
are highly resistant, since these grains are themselves a result of weathering 
activity; in semi-arid or arid regions the wind often collects these grains to form 
sand dunes. Sandstones when exposed, erode by water and wind action into steep 
slopes resulting in cliff-like topography that facilitates the runoff of surface 
waters which in turn carry with them most of the soil materials as they are being 
formed. The net result of these factors is a rather thin soil mantle. Despite these 
considerations there are some large expanses of level to undulating sandstones on 
which soils are formed to a depth of as much as ten feet or more, This is illustrated 
in parts of western Kentucky and southern Indiana: The soil mantle overlying 
Cambrian sandstones (fig. 19) in the driftless region of Wisconsin is relatively 
deep and coarse textured. When sandstones overlie weaker materials such as shales, 
mesas or similar land forms frequently occur. 

The residual soils indicated on plate 1 adjacent to the-mountains in 
eastern Colorado, as well as in many other similar positions, are no doubt colluvial 
materials occurring as a band several miles wide. It is important that in any 
specific area adjacent to mountains careful consideration be given to the existence 
of both colluvial and alluvial materials. In this, and in many other instances 
throughout the country, detailed information may be obtained from aerial photographs. 
Eventually, as.more accurate boundaries are made available, many of these areas now 
indicated as residual will, no doubt, be revised. 

Because of the favorable sub-surface drainage provided by sandstone and 
because the soils are primarily of shallow depth, the engineering problems associated 
with the latter are, for the most part, not serious. However, the massive sandstone 
capping pools of the Cumberland Plateau in Kentucky, Tennessee, and Alabama inhibit 
downward movement of water, and extensive areas of imperfectly and poorly drained 



soils are found on the leveler areas. The Sam? ir rue in western Kentucky coal 
fields and Missouri and Arkansas. Extensive grading operations for airports will 
almost invariably require large ouantities of rock excavation. The plasticity of 
the residual soil developed from sandstone will vary through quite a range, depend- 
ing upon the climate, topography, and the chemical constituents of the rock. In 
the fine-grained sandstones and par:icularly where sandstones are interbedded with 
clay sha-Les, soils of moderately high plasticity are to be expected. Sandy-silty 
clays are the prevailing textures although the textural range includes sands and 
silts. 

Fig. 19. The soil mantle overlying Cambrian sandstones 
in the driftless region of Wisconsin is relatively deep 
and coarse-textured. Cuts in hilly sections, such as 
that in the background, would invariably require rock 
excavations. 

Shales and Sandstones 

Associated with the sandstones and sandstones and shales in the eastern 
United States are shales and sandstones which have been set aside in a separate 
grouping. These rock formations are limited in extent but the engineering 
problems concerned with the bedrock materials are of such magnitude as to justify 
separate consideration. These materials occur in southwestern Pennsylvania, 
southeastern Ohio and western West Virginia, and consist of alternating beds of 
sandstones, shales, coals, underclays, and minor strata of limestones. They are 
of upper Pennsylvanian and Permian age (Dunkard series). Pedologically these 
soils are indicated on general soil maps primarily as Upshur (which also has a 
cclluvial phase), Muskingum, and Miegs. 

Although strong, resistant sandstone members occur in this region 
(grindstones' are made from the Marietta sandstone at Marietta, Ohio), the area 
is much dissected and the stream valleys are narrow, all of which make extensive 
grading operations necessary in the construction of airports. For the most part 
the various strata are thin-bedded, and a cut of 20 or 30 feet may expose a variety 
of shales, clays, and other materials. The resulting materials used in embank- 
ments , plus being a mixture of shales, clays, and various stones, are very diffi- 
cult to compact properly and the resulting subgrade support for pavements is 
variable. Cuts in these strata frequently result in large landslides. 

Shales 

Clay shales occur extensively as interbedded materials with sandstones 
and shales throughout all the sedimentary rock regions of the United States. In 



those cases where the individual strata are thin and are interbedded with lime- 
stones or sandstones, the more resistant rock is more often than not the cap 
rock and as a result the surface soils may be derived from a material entirely 
different from the predominating material in the geologic column. 

Notwithstanding the prevailing conditions just mentioned, rather large 
sections of several states contain soils developed entirely or at least predominantly 
from clay shales. The Cherokee shale of lower Pennsylvanian age (fig. 20) occurs 
as a wide, low-lying trough across eastern Kansas and western Missouri, while the 
Pierre shale of upper Cretaceous age occurs widespread from the Missouri River west- 
ward in South Dakota to and around the Black Hills, covering parts of southeastern 
Montana, northeastern Wyoming, and northwestern Nebraska, Other clay shales pro- 
ducing very plastic soils occur in central Montana, Colorado, New Mexico, and Utah. 

Fig. 20. Topography characteristic of soils derived 
from Cherokee shale (Pennsylvanian) in the west-cen- 
tral United States is level to gently undulating. 

In South Dakota in the shale area around the Black Hills and in north- 
central Montana, the surface soils developed from these shales are indicated as 
Pierre and Boyd soils. In Colorado and New Mexico as well as in parts of Utah, 
these soils are included in a variety of series based primarily on climatic 
influences, Even though an attempt was made to isolate and map only the larger 
outcrop of clay shales, some of the materials indicated as shales in the Colorado 
Plateaus, for instance, as well as in the Piedmont section of Colorado may, on 
occasion, contain surface outcrops of other than clay-shale rock. 

The principal constituent of clay shale is clay, which in itself is a 
product of thorough weathering. These shales are thin bedded sedimentary 
materials, deposited in quiet waters. As the materials disintegrate to form 
soil, the finely stratified layers tend to produce flat, plate-like pieces which 
retard vertical penetration of percolation and render drainage installations 
ineffective for removing underground waters in subgrades under pavements. 

Topographically, these materials occupy depressed troughs, or, as in 
the case of the Pierre shale in the Great Plains (fig. 21), they are maturely 
dissected to form wide expanses of undulating to gently rolling terrain. The 
larger exposures of clay shale in the Great Plains are subjected to low amounts 
of precipitation. This factor and the imperviousness of the shale which causes 
high runoff and erosion, combine to produce soil material of shallow depth. In 
fact, the overlying developed profile grades almost imperceptibly into the under- 
lying shale. Both the soils and the shale are plastic and have test constants 
indicating a poor material for pavement subgrades (fig. 22). The resulting soil 



is referred to in both the geological (502) and pedological literature as l~gumbo." 
These materials invariably have high moisture contents under pavements, even when 
found in arid or semi-arid regions. 

Fig. 21. Land features associated with 
the soils weathered from Pierre shale 
(Cretaceous) in South Dakota. 

Fig. 22. This residual soil which 
originated from clay shales in the 
arid regions of the southern Great 
Plains is shallow in depth and plastic 
in physical characteristics. 

Sandstones, Limestones, and Shales 

In some more or less isolated sections of the country there are rocks of 
several different ages in which alternating beds of limestones, sandstones, and 
shales occur in varying proportions. East of the Mississippi, residual soils 
derived from rocks of this nature are important locally in the Appalachian valleys 
of central Pennsylvania, eastern Tennessee, northwestern Georgia, and eastern 
Alabama, while in the Interior Low Plateaus (20) - specifically in central and 
western Kentucky and southern Indiana - corresponding soils are more widespread. 
Similar materials are indicated on plate 1 in the Colorado Plateaus in south- 
western Colorado and Utah, central Montana, in the Black Hills of South Dakota and 
Wyoming, and in eastern Kansas and northern Oklahoma (fig. 23). The physical 
characteristics of the soils derived from these alternating strata vary in part 
with the character of the underlying rock from which they were derived. 

Limestones and Shales 

Somewhat closely associated with soils formed by the decomposition of 
limestones is a group of similar materials developed from rocks in which shales 
are of equal or greater importance than the limestones. In the East, soils of 
this category are dispersed throughout the Ridges and Valleys from Pennsylvania 
(typical parent material - Martinsburg shale) to Alabama as well as in two separate 
sections nearer the Mississippi. The first of these is the outer Blue Grass region 
of Kentucky where Ordcvician rocks of this nature (Maysville and Eden) extend 
into southern Indiana and Ohio (fig. 24). The second forms a portion of what is 
known as the Highland Rim overlooking the Nashville Basin in Tennessee. The 
materials of this group which are Mississippian in age reach into southern 
Kentucky and southward into northern Alabama. 

West of the Mississippi the soils originating from limestones and shales 
are of local significance in three separate parts of southern Missouri and to a 
greater extent in central and eastern Kansas and northern Oklahoma. Similarly, 
these soils prevail in a considerable portion of the southern Great Plains in 
central Texas, and along the western edge of this province in northeastern New 
Mexico and southeastern Colorado. The parent rocks in these sections west of the 
Mississippi range in age from Ordovician to Cretaceous. 



Fig. 23. The physical characteristics of soils in 
the regions where alternate strata of soils derived 
from sandstones limestones and shales revail 
with the character of the r&k immediate y beneitz P K e 
surface. This illustration of a 
northeastern Oklahoma indicates 

umping pavement in 
t at R the sub-grade 

soils are relatively plastic. 

Fig. 24. Slabby rock fragments, shallow soils, and 
semi-rough topography are characteristic of the regions 
underlain by Ordovician limestones and shales. Here the 
rock-soil mixtures are important in grading and fill 
construction, 

In the outer Blue-grass Region of Kentucky these soils are mapped as 
Fairmount-Lowell, while the soils derived from rocks of Mississippian age in 
southern Kentucky and central Tennessee are indicated in part as Dickscn-Baxter. 
Some of the soils in Missouri (Ordovician) are generally referred to as Hagers- 
town-Frederick, as are most of those in the Ridges and Valleys of the Appalachians. 
In Texas, soils derived from these rocks are usually indicated as San Saba and 
Crawford in part. In remaining areas the correlation between parent rock and 
surface soils is not generally indicated on available maps. 



Although all of the materials of this group are prunarlly derived from 
luaestones and shales, a genera: u"lfor~1t.y of so11 texture 1s not necessarily 
Indxated, since there 1s a mde range in physxal and chemical characterlstxs 
of the rock from which the ~011s were cerlved The range I" age alone 15 great, 
mzterlals of Ordovxlan, h~~ss~ss~po~an, and Cretaceous having been included 
Furthermore, the chalky lImestones anc calcareous shales of Cretaceous age have 
bee" subJected to not more thar sub-humlo clunatlc condltlons, also the chermcal 
and physlcal character of the Cretaceous rocks shoula produce ~011s considerably 
dlfferent from those derived from lImestows and shales of Oraov1cun age 

The Ordovlcun materials consxt of varying depths of alternating strata 
of hard lu,,estone and soft argillaceous shale, the amount of shale has been 
variously estunated as ra"&"g from 20 percent to 80 percent of the total ms- 
sected topography 1s common and dlfferentul weathering occurs as a result of the 
reslstant lunestone dxlntegratlne less rapidly than :he underlying soft shale. 
aear the base of the hills are colluv1al and talus materials conastlng of plastx 
clays lntermlxed xulth various-sized fragments of hard llmestone Constructlo" 
operations are drfflcult since cut slopes, unless they extend Into the unweathered 
bedrock, ml1 frequently produce landsllces Because of the rock-sol1 rmxture, 
adequate compactlon 1s dlfflcult to obtau Under these conoltlons subgraae 
support vnll vary greatly from place to place In extensive earth work opera- 
tlons the solld, slabby-luaestone fragments should be separated from the clay- 
shale material If embanhnents and subgrades are to be well compacted 

LImestones and Sardstones 

Located I" southern Mlssour1 and northern Arkansas I" part of what 1s 
commonly known as the Oxark Plateau there are extensive formatlaw of limestones 
and sandstones of Drdovlcla" age Thu scmewhat unusual combr,atlon of bearock 
textures pi-walls I" a reglo" whxh, I" general, IS highly alssected as a result 
of the wasting of friable sandstones ana the cutting actlo" of streams Not all 
of the terra" 1s rough, however, there being a conslderable portlon of the area 
I" the form oi uplands whxh have not been appreciably affected by the pronotincea 
dlssectlo" (20, pp 647-652) and are thus topographxally favorable far alrport 
co”structlo” 

General sol1 maps (L3) (44) u,,ply that the Influence of lunestone 1s 
greater than that of the sandstone I" this reglo", for the sol15 are lndlcated 
mainly as those of the Clarksvllle-Lebanon group, although some Wusklngum 1s 
Included S~~larly, on the general soli map of the state of tissour1 (483), 
Bancevllle ~011s are dispersed throughout tne Salem Plateau reg~o" lndlcatlve 
of the materials derived froix sandstones, yet the Clarksvllle, Lebanon, and 
3axter are predorilnant 

Red Bed Shales and Sanostones 

Red bed sha‘es and sancstones form the surface materials of the western 
half of Oklahoma, a small sectlo" of south-central Kansas, a large area of central 
Texas and eastern New Mexxo, and 1" so,,,- Isolated areas I" and around the Colorado 
Plateaus I" Utah and Arizona These shales ana sanastones are highly colored mth 
red predormnatlng and, although they are of different ages (Penua", Trlasslc, 
Jwassx), they are referred to repeatedly I" the 11terature as red beds Large 
deposits oi gyps,,,,,, salt, and lu,,estones frequently occur as surface outcrops 
The pi-~"clpal ~011s b&on? to the Miles, Vernon, Zanels, and RenfroW series (43) (44) 
Numerous local deposits oi gypsum are found on the surface, some of which are of 
sufflclent extent to develop gypsum sana dunes In the Pecos Valley and associated 
areas of New Mexico and I" Arlzona and Utah the low rau~fall 1s a mayor contrlbutlng 
cause for the lack oI true residual sol1 development The sandstones form the cap 
rock, bang more resIstart than the shales, and the dlslntegratlon caused by I"- 
frequent rains ano wnd has resulted I" the deposItIon of sands or silty 5011s es 
surface materials throughout most of these regions 



The residual so;& develoxd fro7 rec. bed mterlals on the eastern edge 
2nd bayord the Great Plains IP Texas, Oklahoma, and southern Kansas are pre- 
domnsntly red sandy SOAS when developec or sandstones and red sandy Cl2yS Vrhs" 
aeveloped on szrdstones ant shales For the most part the ~011s are fixable, erode 
readily ard where sand 1s the preccmvatlng naterlal, local sand dunes are formed, 
smi'-ales nay occur I" places ahere ,msum 1s tte surface naterlal 'hhere the 
soLs are derived from deep beds of shale -hey are more plastx and resemble the 
~02s developec from other shale materials 'lllthm this area and pr~nar~ly 
adJacent to the east-flomng strzams, sandy ~011s or ever sand dvnes predominate 
These naterlals are blow frorr the adjacent flooa plains, the sand probably having 
bee" derived iror 3-e Great Plams Tertxry mantle to the west I" comoxxtlo" mth 
the sanay mater~sls oi the ret beds themselves Where such streams flow tnrough 
011 "ear gypsun deposits, salt flats, such as that I" Alfalfa County, Oklahoma (605), 
occur XI the flood plains and o" terraces of the major strems Smce the clxnate 
1s sub-bumId a"c since evaporatlor losses are high, 
found 1" the 

calcium carbonate 1s frequently 
lO>iCr pai-t 0: the SO11 Fl-Oille 

Sancstones and Sbcles -#lth Lava, Tuffs and Dletomaceous and 
M~caceous Shales 

Sandstcnes ana shales wt- assoclased reeks of vclcan~c, metamorprx, and 
organ:c cerlvatlo" are found lnterrmttertly alorg the entlre west coast as weii as 
along the weqt *all 01 the Great Valley through Cal~fornla Into Ore&o? I" the 
w1112mette Valley T1-ese rocks are chiefly of marine orlgl" of Tertiary age, but 
rocks of Cretaceous age occur particularly I" southwestern Oregon ana adJace"t to 
the Great Valley of Callfornla. 

Massive sancstones prcdonlnate, but many shales are included These 
mzterlals are lnterbedaed mth some lava flows, ttifs, znd dlatomaceous and 
mcaceou~ shales, and because of this complexity I" textural types, they have 
been separated from the sandstones and sandstones and shales that are extensive 
:" the eastern ma southeastern states These materials are much younger than the 
sandstones of the East and for the most part they have been warped and folded as 
a resdt of the mou"t*l" makIng processes I" the West The resulting topography 
1s not necessar;ly to be correlated vnth the rock texture (19) kany areas of these 
rocks outcrogs are so rough as to rake the res~oual ~011s of snail lnportance to 
eng1reeITng. Soils derived from these rock are Included largely I" the Melbourne 
and Altamont series (&!+), I" which sandstone 1s recog"lzed as t\e xedormnatlng 
matenz1 

Shales, Clays, Sarastones, Lmestones, sna Scorla 

Throughout iarge portlons of Lhe norther- Great Plains and I" out- 
lying sectIons I" Vontana ard Wyo~ng, and I" sectlons of the Colorado Plateaus 
I" Utah, Nev. Mexico, Ar~eona, and Colorado, there 1s a group of residual 5011s 
whhlch are derived from shales, clays, sandstones, and scorls These rocks are 
preaorlnantly Tertiary I" age ana lncluae llPnlte River group, (Brule formatlo" 
and Chadron clay), Ulnta group, Brldger group, Green River formatlo", Wasatch 
group, Fort Union grasp (Tongue Rilver and Lebo shale), and Lance formatlo,, (Veil 
Creek and TLllock) Areally, the Fort Unwon and Wasatch groups are by far the 
post extensive, the former consists of alternate beds of sandstone and shale mth 
occasional seams of coal (5C2), gadlng Into dark gray gumbo shales n?th x,,pure 
sandstones, while the Nasatch rocks zre chiefly non-calcareous clays, shales, 
sandstones, and coal beds Pierce and Andrew (769, p 136) state, "the clays 
and loosely constructed shales and saqdstones of the Wasatch slump readily, and 
the formation 1s mostly obscured by 1andsIlde materials, debris, and colluv~um (1 
The materials of the Whhlte R~vei- group are llkernse poorly consolidated and 
consist 1" part of "a porous crmbllng clay, pale flesh color when dry but light 
brown when damp" (190), while Brldger rocks are described as "sombre colored 
sandstones, slltstones, clays, mudstones, shales, and limestones" (768) me 
red scor~a beds, vrhlch are the result of the burning of thick se- of coal, 



(502) are important surface materials in much of this region of the Great Plains 
and in some areas these clinker beds are parent materials from which two to five 
feet of soil have been developed. 

The prevailing topography of this large section of the Great Plains is 
undulating to rolling although some areas are very rough - particularly near the 
mountains. Under the erosion conditions prevailing in this soil region it is 
obvious that much of the soil is not a true residual type but often consists of 
reworked materials which have been moved by wind, water, and gravity (fig. 25). 
As a result of textures and the generally weak structure of these rocks, combined 
tith a lack of dense vegetation and infrequent but intense precipitation of short 
duration, badlands are developed on a grandiose scale. These topographic monstros- 
ities (fig. 26) are common where the shale outcrops adjacent to the valley walls 
of drainage channels as, for instance, along sections of the Yellowstone, Missouri, 
White, and Little Missouri Rivers and many of their tributaries. 

Fig. 25. Stream channel in central New Fig. 26. Relief typical of the big bad 
Mexico bordered by Tertiary valley fill lands in South Dakota. 
with massive sandstone outcrops in the 
distance. 

Important to the engineering of airports and highways are the large terraces 
that frequently parallel the larger streams. Those of the Yellowstone River in Montana 
(19, p. 64) are particularly noteworthy and are reported to be of such size as to 
make their identification difficult while driving parallel tith the stream. Of local 
importance are beds of bentonite and volcanic ash. 

Sandstones, Sandy and Clayey Shales, and Clays 

Soils derived from alternate thick beds of sandstones and shales with some 
clays are indicated in Colorado and Wyoming north of the Park Range, between the 
Medicine Bow range and the Laramie range, between the Laramie range and Big Horn 
Mountains, and on the outer slopes almost surrounding the Big Horn Basin. Similar 
materials are shown extensively in a number of places in central Montana and in the 
southern Colorado Plateaus. Geologically these materials are included in the 
Montana group and the Mesa Verde formation of upper Cretaceous age. 

The Montana group is further divided into Bearpaw shale, Judith River forma- 
tion, and Claggett and Eagle formations. Both the Bearpaw and Claggett are dark 
gray clay shales which develop into rrgumbo'l soils similar to the Pierre in South 
Dakota. Interbedded with these shales are the Judith River and the Eagle formations; 
the first consists predominantly of sandstone and shale with some coal while the 
latter is essentially a massive sandstone. The Mesa Verde formation replaces the 



Montana group south of the Big Horn Mountains. These rocks, like those of the 
Montana group, include deep alternate beds of sandstone and shale. 

Because of their proximity to several mountain ranges, it is probable 
that these soils,particularly in Wyoming and Colorado, contain much colluvial 
and reworked materials. 

Metamorphic and Intrusive Rocks 

Metamorphic and intrusive rocks are associated with the mountainous areas 
of the country. The intrusive rocks are old and form the cores of mountain ranges. 
The metamorphic rocks, usually associated with the intrusions are widespread but 
occur as long narrow bands. They have been warped and faulted greatly and when 
they occur in mountain ranges the soils formed are often shallow and unimportant 
for engineering purposes. However, there are many sections of the country where 
exposures of these materials are sufficiently level to make them important as soil 
forming rocks and as areas which can be used in connection with airport construction. 
The largest single expanse of these materials is in the Piedmont section parallel- 
ing the Coastal Plain from southern Pennsylvania across Maryland, Virginia, North 
Carolina, South Carolina, Georgia, and into Alabama. Similar materials are indicated 
in small areas in central and western Texas, a small section in north-central Idaho, 
a long narrow north-south band to the east and paralleling the Great Valley of 
California, and in isolated sections of New Mexico, Colorado, Oklahoma, and Missouri. 
In California some sedimentary rocks are included with these materials. 

Pedologically, the Appalachian Piedmont soils derived from granite, gneiss, 
and gneissoid schists are mapped as Cecil, Appling or Durham in the southern sections 
and as Chester, Porters and Ashe in the northern Piedmont and Blue Ridge mountains 
(37). These acid crystalline rocks generally develop sandy topsoils underlain by 
pronounced sandy clay to clay llBrl horizons. Soft, partially disintegrated rock 
is found at various depths but more commonly at depths of three to five feet. 

Micaceous schists weathering to friable sandy soils are mapped as Louisa; 
(fig. 27) mica schists, chlorite schists , phyllites and occasional areas of gneiss 
are mapped as Manor. These are shallow soils varying between one and three feet 
in depth, occurring chiefly in the southern Piedmont. Slates producing shallow, 
silty soils occur in South Carolina, in an associated area of North Carolina, and 
locally in eastern Georgia and Virginia; on agricultural soil survey maps these 
are associated with the series names Alamance and Georgeville. The Cardiff are 
shallow silty soils developed on the slate ridges bordering the Triassic belt in 
Pennsylvania, Maryland and Virginia. 

Fig. 27. Exposed in this highway cut are meta- 
morphic formations of mica schists overlain by 
soils having granular texture (Louisa). 
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Schists, although generally basic, have undergone so much alteration that 
they are characterized by a wide variety of minerals. This disparity between 
minerals creates unusual properties associated with soils high in mica, talc, 
sericite, or chlorite. Soil textures may vary from sand (mica) to clay. 

Soils derived from these groups of rocks occur in somewhat dissected and 
moderately rolling or even rough topography. As a result, engineering structures 
placed in these regions may extend below the depth of soil mantle into the under- 
lying rock. Where the soil materials are used for embankments on subgrade materials 
they are likely to exhibit plastic and even expansive properties - particularly 
where large quantities of mica are found. Rigid pavements constructed on those 
soils are subject to pumping under certain conditions of climate and traffic. 

titrusive Rocks - Basalt and Lava 

In contrast to the metamorphic and intrusive rocks represented in part by 
granites, which are molten rock cooled beneath the surface, basalts and lavas are 
molten rocks extruded through volcanoes or fissures and cooled on the surface. 
These materials are found locally in the eastern Piedmont and in some states of the 
Great Plains and the West. The volcanic type of eruption frequently results in 
very rough topography, and for this reason the rock may have a very thin soil cover. 
As a consequence, many of these sections in ,the western states are mapped (plate 1) 
as non-soil areas. However, there are many small (fig. 28) and a few large areas 
of lavas and basalts (fig. 29) in the United States which warrant attention as a 
soil forming material of importance to engineers. 

Fig. 28. The relatively shallow soils which Fig. 29. Soils derived from basalt 
originate through the weathering of lava beds, are often superficial even in the 
in central New Mexico, are of little consequ- broad level areas that are common 
ence in highway and airport engineering problems. in the western portion of the United 

States. 

The dark colored, basic crystalline rocks of the Piedmont include diorites, 
diabase, and basalt. These low quartz rocks have correspondingly high percentages 
of feldspars and hornblende that, on weathering, produce clays. The Davidson soil 
series mapped extensively in the eastern Piedmont is derived from quartz-free 
diorites, diabase, hornblende schists, gabbro and basalt. These deep, red clay 
soils (up to 20 or 30 feet in depth) are referred to as Iredell (clay-pan), Montalto 
and Orange (37). 

The largest single exposed area of basaltic material is found in Washington, 
Oregon, and southern Idaho, represented physiographically as the Columbia Plateau. 
In Eocene (Tertiary) time these areas were topographic lowlands. Lava flowing 
intermittently from fissures and volcanoes covered most of the land surface of this 





CHAPTER IV 

LOESSIAL SOILS 

Texturally aeolmn or vnnd-transported, ~011s consist of numerous deposits 
of fine sanas, large areas of slit rnth more or less unlfornnty of grain size, and 
an occasional, but small area of volcanx ash Since the sands are deposltea 
pi-lmarlly by aster ard are reworked by Pnnd, they are appropriately dlscussed in 
the chapters on "Glacial Materials," and "Water-Lad Soils u In contrast, Pnnd- 
deposIted slits (low) are mdely alsti-lbuted and covei- extensive areas, generally 
they ai-e not lnternuxed vvlth ~011s of different or=gln or texture, and are remark- 
able for theu unlforrmty in englneerlng characterlstlcs Thus, m thx work mnd- 
bloxm slits are consIdered as one of the prvnary sol1 dlvlslons 

Although wind-depaslted slits have long been recognized as such, It has 
been only in the past 30 years that these materials have been associated dvectly 
vvlth the meltug of the great continental glaciers In reporting on the Greenland 
glacxr, Hobbs (u5) describes this aeollan r_ctlon as taking place umnedlately 
after swnmer thamn: periods when rnnds of high velocity blow from the =ce sheet 
over recently deposIted outwash aebrls This mnd-collected dust 1s carried many 
rmles beyond the edge of the ice where It settles slowly on the earth's surface as 
a superfxlal deposit of -rs,nd-blown slit. Under sunllar condltlons =n the UnIted 
states, slits have been deposIted =n the flood plans of the larger rivers and in 
g1ac1al lakes Dui-lng &J periods wuids blowr,g across the recently deposited 
alluvlun carry these slits to adJacent uplands The southern lows fauna on the 
uplands along the eastern side of the M~sslss~ppl River 1s a good example of this 
nethod of deposItIon In serm-arld reg=ons loess 1s frequently the result of 
desert mnds Thus there are recognleed two types of loess, glacul and desert. 

That mnd-blown slits ln the UnItea States are pruwlly glacxl 1s 
lndxated by the proxunty of such aaterlals to the glacial boundaries in the 
&dwest and West Loess frequently covsrs sore of the older glacul drift The 
surface ~011s of large sectlans of Kansas, Nebraska, Iowa, ~usourr, and Illx~ols 
are loesslal materials, frequently of great depths Although no loess 1s shown 
ln Montana on the map accompanying thu report, Weed (507) mentions loess and loess- 
l&e materials assocuted w.th the glacial boundary near t'le Flat Wood Mountains 
Sur&ir materials are found x, southeastern WashIngton and north-central Oregon 
as well as along the Snake River and elsewhere IT, southern Idaho The Msslsslpp1 
River valley slits, pi-evlously mentloned, extend in a belt some fifty or sxty 
miles XI mdth on the eastern uplands, and from New Orleans to the Ohlo Paverat 
the Junction mth the Milssxslppl These same materials may be found extenslveiy 
along the ksslsslpp1 River almost to Lhnneapolls, lnclualng adJacent areas III 
Wxxonsm, and I,, South Dakota along the Missouri and Big Slow Rivers to some 
distance north of SIOUX Falls Similar mater1a1s are important surface SOllS on 
the uplands along the eastern bank of the Wabash Paver ana on the north bank of _ 
the Ohlo River 1n southern IndIana In addltlon, some of the surface materials 
of the Great Plans and other slm-ilar regions ln the West are rmxed mth some mnd- 
blow,, slit, which orlglnated elt?er from glacial outwash or the serm-arld Great 
Plans outwash materials to the west Accoralng to Lobeck (32) loess deposits m 
other countries Include the European deposits Just south of the glacial boundary 
in northeastern France, Eelglum, Gernany, Poland, Czechoslovakia, Rumanu, and a 
large part of the Ukrane of southern Russ=; the loess in the parcpa of northern 
Argentina - east and south of a former glacier, and central eastern New Zealand, 
agan adJacent to nountaul glaclatlon The extensive slits of China are, at least 
in part, wu,d-blown from the flood plans of the larger streams such as those of 
the Yellow fiver. 

Because of thex favorable chemical ana physxal character1stlcs these 
soils are u,,portant agrxulturally where preclpltatlon 1s adequate oi- nihere lrr=- 
gatlon 1s possible For thx reason agronormsts, as well as geologists and 
cllmatologxts, have developed InformatIon which can be used to advantage by the 
engineer 



Because of their texture, method of deposition, and relatively shallow 
depth, loessial deposits generally have little influence on physiography and it 
is seen from plate 1 that the loess of this country occurs in parts of several 
physiographic provinces (19). The behavior of loess in connection with engineer- 
ing structures can best be treated by discussing loessial soil areas as five 
geographic units. These are: (1) the Columbia Plateau loess of Washington and 
Oregon, (2) Columbia Plateau of southern Idaho, (3) the High Plains section 
of the Great Plains in eastern Colorado and western Nebraska and Kansas, (4) 
the Central Lowlands in eastern Nebraska and Kansas (fig. 30), Iowa, Missowi, 
Minnesota, Wisconsin, Illinois, and Indiana, and (5) the Mississippi Ruin deposits 
of the Gulf Coastal Plain. 

Fig. 30. The topography and vegetation as shown 
by this view in Nebraska is typical of those attendant 
to the loess deposits in the eastern portions of the 
Great Plains. 

The loess-covered part of the Columbia Plateau in Washington, Oregon, and 
a small section of west-central Idaho lies at an average elevation of about 2,000 
feet. The mean annual rainfall is 20 inches or less and the native vegetation 
is chiefly bunch grass. The silt is some 75 feet or more in depth (327 although 
transition zones between the deep silts and other materials will contain isolated 
mounds, or islands of silt surrounded by bare rock exposures (plate 3). In other 
transition zones the thin silt cover blends with the underlying soil to such an 
extent that it is hardly distinguishable as loess. Agriculturally this treeless 
plateau is famous for large-scale wheat farming. The winters are long and cold 
while the summers are hot and dry. This lack of rainfall preceding the winter 
freeze, combined with the fact that loess soils are, in general, free draining, 
probably is important in minimizing frost heaving in subgrade soils under pave- 
ments in this loessial area. Pedologically the principal soils are mapped under 
the names of Nez Pierce, Palouse, Walla Walla, Ritzville, and Portneuf (320) (744). 
Table II, which was prepared from information contained in %oils and Men" (43), 
emphasizes the pedological importance of rainfall and elevation. Geologically this 
material is known as the Palouse formation or Palouse Soil. This somewhat ambiguous 
designation is ascribed to the fact that a difference of opinion still exists among 
geologists regarding origin of the material, since some believe that the material 
is partly residual from the underlying basalt and reworked by wind. Also, it is 
noteworthy that layers of volcanic ash having considerable depth have been found. 
Bryant (166) summarizes these ideas by stating, in part, n... the belt of the 'Palouse 
Soil' is windblown dust or loess, though other material is included in the mass . ..'I. 
One of the unusual features of this region is the channelized scablands (163) (l64). 
These are strips of bare basalt and where erosion has been severe, .deep canyons have 
been formed, called coulees. These scablands are the result of erosion by glacial 
streams during the melting of great continental ice sheets, although the breaking 



of the ice dam, which caused glacml "Lake ~~ssoula," mght have released sufflclent 
water to have ercded at least a portlon of the Columbu Plateau Of the 2,000 
square mles of scablands, Grand Coulee 1s perhaps the better known by engmeers, 
both because of extent and because of the recently constructed Grand Coulee Dam 
Durmg the Wsconsm stage of glaclatlon, t're present course of the Columbm River 
mas temporarily dammed by ice, thus m\ertmg the flow tnrough what 1s now known 
as Grand Coulee It was dui-mg thx perlad that the mde expanses of sands and 
gravels were depasltea =n central Washmgton These matermls are mdlcated on 
the map (plate 1) as bialley Fill raterlals ahlle the mayor areas of scablands and 
coulees are shown lnth appropriate syvbols and color 

TABLE II 

TABULATION OF SOIiS OF ThYZ "FALGLSE" REGION OE WASHIMXON, 
OREGON, AND IDAFO, WITh AVEKkZE VALbES OF WINFAiL A\D ELEVATIOh 

Pedologxa: 5011 Nme Approx Jumua; Ranfali Acpi-OX Elevation Above 
(Inches) Mean Sea Level (Feet) 

Nez Pierce 20-30 2,coo - 4,000 

PaiOUSe 18-22 1,500 - 3,500 

Walla iiialla 14-18 1,000 - 2,000 

Rltz\?lle IO-15 500 - 1,500 

Fortneuf 5-12 200 + 

The mdespread loess along the Snake River in southern Idaho lies at an 
elevation of some 4,000 to 6,000 feet, the ramfall 1s ten Inches or less, and the 
vegetatmn 1s prlwrlly desert shrub and sagebrush Eecause of the unoerlpng 
Columbia River basalt, this area IS largely a plateau Pedolo@cally, the surface 
materials are mapped as Portneuf and assouated ~011s Russell (323) describes the 
fme yellow sol1 as bang of aeollan or~?n cerlved from the alluvium of streams 
and mountain cutwashes, and present, a vlvld picture of the dust storms of the regux 
Lack of adequate bounaary data permits only general treatment of this area and some 
uxonslstencxs should be noted Although most of the Snake River Plateau 1s shown 
on the accompanpng map as windblown slit, It must be kept XI mind that the loess 
1s very thin or 1s entirely nussu~~ XI some sections, leaving the lava flows exposed 
as scablands Also, some residual 8011s derived from lava must be expectea in some 
sections At some of the extrerrltles of the Snake River Plateau, mo"nta1n slopes 
are encountered, the outwash from these consxtlng prlmarlly of sands and gravels 
As 1s frequently the case u, mountainous areas, these outwashes may extend several 
miles from the mountains proper 

The Great Plans loess of eastern Colorado, Kansas, and hebraska occur m 
a sectIon of what 1s generally known as the tlgh Plans, vrhlch 1s a large level 
treeless area sloping gently eastward In western Kansas, easterp Colorado, and 
western Nebraska the loess overlies Rocky Mountan outwash naterxz,ls In central 
Kansas the unaerlylng bedrock 1s chalky lImestones and shales while =n eastern 
Nebraska and Kansas the slit has been depOSltea on both old and young drift As 
a result of erosion, partxularljj along valley slopes, these underlyxx rraterlals 
frequently become exposed 11, many srrall Isolated areas which are of consIderable 
Importance in the englneerlng of auport and hIghway pavements 'he loess readily 
absorbs as well as retains moisture Thv, fact accounts for the large-scale Theat- 
corn farrmng I,, this dutrlct and 1s of en&neerlng importance in relation to 



dramage In "Smls and Men" (43) these ~011s are mapped In western Kansas and 
Nebraska as Keith (sample 1384C - append= A) and HoldrIdge-Hall III central Kansas 
and Nebraska, whlie in "Soils of the Unlted States I' (44), Rosebud - a non-loessul 
sol1 - replaces the Keith (S ee results of tests on sample 1384C from thm area 
In appendx A, which Indxates a mndblown alt). Accordmg to the "Lexicon of 
Geologx Names of Umted States" (50), some questmn remans concernmg the age of 
the slit deposits of Nebraska although they are usually referred to as Peormn 
loess Thm 1s a yellomng slit which In eastern Nebraska overlies the Loveland 
loess described as "Bed of reddmh Jomt clay, whxh frequently shows stratlflcatmn 
and often contams sand am pebbles m lower part I' The Sandborn formation of 
Kansas Includes the loess as well as underlymg Great Plans outwash and other 
rock materxls on the valley slopes Elus (3134, p. 163) In his excellent descrlp- 
tmn of Wallace County, Kansas, proposed the name "Sanborn formation" to replace 
the old term "Tertmry marl" or "Plans marl 'I Agam Elms (383) mentxms the 
posslblllty of the red Loveland loess occurrmg m northwestern Kansas beneath the 
Sanbarn Smth (400, p 124) mentlons burled volcanx ash occurrmg medmtely 
under the Sanborn and even reports tests on the material There 1s substantial 
evidence that loess deposits occur- In areas outslde those lndxated on the map, 
(plate 1) Speclflc lndicatlans can be observed on the aerial photography Index 
sheets for Sioux and Games Countxs, Nebraska Wmg (430) reports that loess In 
Kansas 1s found over a large part of Cloua and Republx countxes and ranges ~TI 
depth from a few Inches to 30 or 40 feet In connection mth Riley and Geary 
Counties, Kansas, Jew&t (388, p 95) states that "The thickness of the loess 1s 
probably nowhere more than 50 feet and generally 1s much less." Smith (400, p. 121) 
shows loess deposits In southwestern Kansas on a sketch map and reports numerous 
tests on loessnl and other materials from this dlstrxt Although there are 
speclflc areas as shown on the map as loess, the loesslal belt of the Great Plans 
has not been expanded greatly over the more commonly used boundarIes because of 
lack of substantul bounaary data Honever, lnformatlon from the above references 
and others lndlcates the need for some enlargement of the presently used boundarIes 

The wind-blown slits of the kadlewest corn belt - Iowa, Illmols, Missouri, 
IndIana, and small sectlons of South Dakota, Mllinesota and Wisconsin - occur, In 
the physlographlc sense, u! se&Ions of the Central Lowland. Some of these and 
associated drift materxls are frequently consldered pi-axle ~011s With few 
exceptlons, these slits are underlzm by old drift materuls The preclpltatlon 
varies from 30 Inches to perhaps 40 Inches. The ~011s are mapped as Moody, Marshall, 
and Tama In eastern Nebraska and Kansas ana Western Iowa, and as Cllnton-Boone- 
Llndley along the Mlsslsslppl River from southern Illlnou Into Wlsconsx and 
Minnesota, along the southern SectIon of the Mlssourl River, and adJacent to the 
1111*0x Paver. Knox sol1 1s mapped along the tiesour River associated iath the 
Marshall soils, while Pike-PrInceton and associated ~011s are lndlcated In IndIana, 
although In one Instance this materu.1 1s lndlcated as Mem his 

P 
The surface sllts 

of this area are lndlcated as Peorlan loess but Smith (343 refers to materials 
under the Peorlan loess In Iillnols as late Sangamon loess Gumbotll 1s frequently 
associated mth the Sangamon ~011. Fenneman (20), Leverett (151) (154), and many 
other writers consider most of the olaer till In Mlssourl, Iowa, Illlnols, and 
IndIana as having been covered mth loess, one strlklng evidence being the more 
or less uniformly silty texture of the surface horizon The loess boundary shown 
on the map accompanying this report excludes these shallow slits on arIft from 
the loess proper since, from an englneerlng vlewpout, problems of pavement design 
and construction are entuely different frarr those encountered In the deep loess 
Z-e25 In fact, the presence of one or even two feet of slit on an ~mpervloue clay- 
pan m a hwud climate, creates a problem m pavement and drainage design of con- 
slderable magnitude, particularly where cuts through different horizons are necessary 
As a result of the method of deposltlon In whxh the coarser and deeper slits occur 
near the source and the shallow finer textured once a conslderable dxtance away, 
loess boundarles are only approximate at best and should be consldered as probable 
transltlon zones rather than real boundarIes 

The ~Se1SS1PpI Alver loees, extendxng along the east bank of the flood 



plains from New Orleans to the mouth of the Ohio River, are found primarily 
deposited on Coastal Plain materials. Here again the silts are deepest (100 feet 
or more) adjacent to the river , gradually thinning out over a distance of some 
fifty miles east of the Mississippi. Crowley's Ridge in Arkansas and Missouri, 
lying west of the river, is covered with loess and is a noteworthy exception. 
These silts are known as Memphis both pedologically and geologically, although 
the thin deposits occurring on level to undulating topography are mapped pedologi- 
tally as Grenada. The rainfall is approximately 50 inches and the vegetation is 
luxuriant. It is important to note the similarity in engineering characteristics 
of these with similar silts of the Palouse region in Washington, despite the obvious 
differences in climate and vegetation in the two areas. 

Fig. 31. This view from a high point on the plateau 
in eastern Washington illustrates the rolling topography 
typical of the Palouse loess deposits in the Northwest. 

The topography of the various loessial soil regions generally presents a 
distinctive undulating to rolling type (fig. 31) with the deeper deposits, associated 
with the larger streams in loess areas, usually hilly to undulating while the trans- 
ition zones will assume, in general, the topography of the underlying rocks which 
vary from extremely flat to extremely hilly or even mountainous. In his excellent 
description of the typical Palouse topography Fenneman (19, p. 253) states "The 
district has a rolling surface of broad, rounded, wave-like swells, rising generally 
20 to 80 feet above valleys, which contain neither streams nor channels." In more 
humid regions the erosion may be more severe and the resulting topography is more 
sharp. The drainage pattern has a trellised appearance, with many small finger- 
like streams that empty at abrupt angles into the larger ones. The loessial 
deposits in the Middle West on old glacial deposits are undulating to flat and they 
may even contain some depressions , particularly in transition zones of large sections 
of Illinois, Iowa, and Missouri where the wind-blown silt is shallow. The Mississippi 
River valley loess is distinctly hilly along the eastern edge of the valley where 
the soil is deep but the thinner deposit on the underlying Coastal Plain materials 
is undulating to flat. Here again, some depressed situations are to be found. The 
loess of Kansas is found in flat to undulating areas in the south-central portion 
of the state while in the northeastern part the area is rough. The vegetative- 
covered, wind-blown silt hills give the landscape a characteristic hummocky but 
soft, pleasing appearance. Where severe erosion is present, nearly vertical slopes 
prevail. In fact, highway engineers have long been familiar with this peculiarity 
and have constructed cuts through these silt hills with vertical cut slopes (fig. 32). 

The several wind-blown silts have many strikingly similar engineering 
characteristics. When tested they show a remarkable uniformity in physical properties. 
They are generally uniform in texture, consisting of 50 to 90 percent of particles 
of silt size and being referred to frequently as Vockflour si1t.l' They can often 



be readily identified by visual inspection. The liquid limit is approximately 30 
and the plasticity index number is approximately 6. Tests on a number of samples 
obtained at random, but widely distributed, are included in l'Results of Classifica- 
tion Tests on Loessial Soil," appendix A. For the most part these samples were 
obtained at appreciable depths below the surface and in most instances represent 
the parent or unweathered soil. The similarity in texture of the deeper deposits 
is striking. 

Fig. 32. Vertical slopes in a cut through loess in 
southern Mississippi. Deep deposits of soils of this 
nature form the eastern border of the Mississippi 
River lowlands from the Ohio River almost to the Gulf. 

Exceptions to this similarity occur where a break in the continuity of the 
depositional process has occurred and in transition zones where the wind-blown 
silt is of shallow depth and consequently is influenced by the underlying materials. 
A possible example of the former situation is illustrated by sample 1253C, which 
was taken 90 miles south of Spokane, Washington, at a depth of twenty feet, from 
the top of a hill in a road cut. Examples of the shallow loess on drift are 
illustrated by samples lljgC, 1160~, 1162c, and 1164~. In these transition zones, 
widely varying characteristics are to be expected, since these wind-blown materials 
are probably finer in texture than those found closer to the source and also because 
the soil formation processes have been such as to have developed a distinct soil 
profile, primarily because of rather level topography. In addition, these thin 
superficial deposits may be altered by the underlying material. For instance, when 
thin deposits of silts are found on deep beds of gravel, as is true in the extreme 
western portion of Kentucky, these materials are exceedingly well drained. On the 
other hand, when found on some glacial till or on plastic residual soils, they 
frequently reflect the plastic clay-like characteristic of the underlying soils. 
Also the source of the material may be of importance. According to Lobeck (32, p0 
393) the loess deposits of Nebraska and Kansas are more siliceous, coarser, and 
more laminated with sand than those of eastern Iowa because the material was trans- 
ported by strong winds of the high plains and was not derived from flood plains. 

Wind-blown silts in their natural states are well drained because true 
loess deposits are characteristically penetrated by vertical tubes, calcite-filled 
hollows left by the decay of grasses and roots (32, p. 389). This peculiarity in 
structure permits vertical percolation of water rather than horizontal movement and 
is an important reason for the prevalence of vertical slopes in loess regions. This 
is a significant feature in regard to earthwork since precautionary measures need 
be employed for other than vertical cut slopes. Grass or other dense vegetative 
cover is a necessity for embankment slopes in loess areas. Retaining walls have 
been used to advantage where neither vertical slopes nor vegetative cover were 
used, The excellent drainage properties where these soils occupy well-drained 



posltmns, together rnth theu exceptional umfarrmty in texture generally faclll- 
tate earth work mcludmg removal and reglacmg under favorable momture conmtlons 
However, If loess 1s dry It 1s dlfflcult 1: not mposs~ble to compact, and at the 
same tune It tends to blow away Ii It 1s excessively wet, It may exhlblt quxk- 
sand propertIes in either cut or fill sectlo- Because of the porous strxture, 
a large "shrmkage factor" 1s requmed 1n estmatm~ earth work. 

For prov~dmg subgrade SUppOrt for oa~ements, loessml ~011s are probably 
ti-e best of the non-granular types Because of the umfomty of texture through- 
out thex depth, these sorls afford very unlfom SUppOrt regardless oi deptI- of cut 
or height of fill This 1s a very cesuable feature in pavement design The favor- 
able water-flow charactermtlcs are mportant economically, XI dramage *es=@ for 
engmeermg structures, and are contrlbutmg factors In mm.mlz~n~ frost actJon In 
cold, humld clunates Pavement pumpx,e 1s also mlnunlzed for the sane reason, 
although sore pwplng 1s known to exist in some uEtances where heavy traffic anc 
poorly draned poslt1ons are encountered Cuts of sufflclent depth to reach the 
underlying materials should always be treatec mth caution since those naterlals 
,nll have greatly alfferent characterlstlcs affecting subgrade support, draInage, 
frost action, and pavement pumping Stream alluvium in mnd-blorm slit deposits, 
although having dsfunte slit characterlstlcs as evidenced by test results, should 
be hanoled differently from the uplana artas 51nce the tfllcal loess strwture mll 
be aestroyed and SUIC~ water-table condltlons lray be entxely dlfferent from those 
on the uplana. 



CHAPTER v 

GLACIAL MATERIAL3 

Glacial materials are of second order derlvatlon 1" that the drift or~~na- 
ted from one o= more types of bedrock and was transported to Its exlstlng locatIon 
by ice and associated forces Through thx process the contrlbutlve bedrock materials 
were naturally lnte=,,nxed 1" many drfferent comb~natlons so that homogeneity mth 
respect to chermcal, physxal, and mineralogical composltlon seldom exists XI 
glacial deposits Yet, despite the heterogeneous character of the drift, there IS 
a consistency among the ~a=lous forms of glacial deposits which requires a separate 
eneneerlng classlflcatlon of 3011s under the heading The orlgln, chronologvzal 
exxtence, and extent of contlnental glaclatlon has been treated so thoroughly in 
geologx literature (41) (157), that only a cursay dlscueslon of this backg=ound 
sufflclent to r,trcduce a grouping of glacial sol13 1s presented here. 

Although there have been several glacial ~"vaelons of the Unlted States, 
those of concern here occurred 1" Pleistocene geologlcal tme In forrmng these 
deposits, sheets of ice thousands of feet I" thlck"ess carried tons of debris 
sometImes hundreds of boles and deposited It I" depths ranging up to several hundred 
feet Thus much of the drift 1s composed of material which 1s forelm to the bed- 
rocks in the locality and to the ~011s derived from them, and bears little relation 
to climate, topography, and other local x,fl"e"ces 

There are sectlons I" the glaciated remon where rock outcrops o= where 
the drift overlpng bedrock 1s shallow enough to make the rock have considerable 
Influence on sol1 condltlons Where these sltuatlons OCCUT well mthln this reglo", 
the 3011s - for the purpose of this general x&rpretatlon - are usually consIdered 
as a part of the glacial deposits, on the other hand, surular sltuatlons along the 
outer drift boundaxes Justify the classing of these soils mth those orlglnatx,g 
from other ao"=cee Hence, any d1screpancles between the drift boundarles on plate 
1 and the boundarIes shown on geologxal maps are accountable I" this x,terpretatlon 

The re~on of glacial ~011s stretches almost entirely aci-oss the northern 
part of the country, the exceptlo" being marly I" the vlcxnty of the Rocky Moun- 
talns a"a the area to the west where these sol13 OCCUT I" separated groups Fast 
of the Rockies , glacv.1 soils are cantlnuaus to the Atlantic coast vnth the Mx?sourl 
and Ohlo Rivers and the upper boundarles of Pennsylvania and New Jersey formlng the 
approximate southern llmlt of coverage Mayor exceptlone from drift sale withln 
these boundarles are the drlftless "island" in W~~onsm, the loess-covered a=eas 
I" the upper M~s1sslpp~ and lower ~~dlssour~, Ohlo, and Wabash River valleys, and 
portIons of southern Indiana and southeastern Oh10 where residual soils prevail 
Exceptions outslde of these boundarIes are the glacial ~011s in northeastern Kansas 
and southern Nebraska, and IFI northern Pennsylvania and New Jersey 

The primary basis for a congruous dlfferentlatlon of glacial 30113 13 one 

of form or method of deposltlon In general characterlstxs, the deposits resulting 
from a given actlon are all slrmlar regaraless of the derlvatlon o= age of the 
material o= of physlographx influence such as topogr phy and c1xnat.e. 
=" the form of mO=al"eS (155, pp. 35-47), t111 Plains 3 

Thus, t111, 
drumlins, and other physxal 

features, consists of drift as It was left by the melting ice, unaltered except for 
the weathered sol1 "ear the surface, I" contrast, the ~011s of the kamee, eskers, 
terraces, and outwash area, a-e more nearly homogenaus and Invariably granular m 
texture because of the mode of theI= formation - the sortx,g actlon of flopnng water 
nhlch aas glacial melt St111 different 1" nature are the lacustrlne and associated 

%-he nomenclature used here 1s designed to emphaslee topographIca features 
and related sol1 textures; therefore, It may not be entirely consentlent with that 
used predormnantly in geological literature 



deposits where the quiet waters of now-extinct glacial lakes made possible the 
accumulation of silts and clays in the lake beds, while wind and wave action built 
up beaches of granular materials in forms somewhat the same as those bordering 
the present lakes of comparable size. Finally, with the exception of recent 
alluvium which is discussed elsewhere, there are beds of muck and peat scattered 
throughout the glacial region usually in association with lakes, ponds, and marshes. 

On the map (plate l), distinction among the various forms of drift has 
been made only where isolated areas of the soils were large enough to be set apart 
from the others with clarity. Even the organic deposits, shown with ostensible 
minuteness, are not set forth entirely, and the aggregate area of such deposits 
which have been omitted may be equal to the total of those shown. Similarly, the 
extensive granular deposits of sand and gravel are only partially mapped, it 
being impractical to show all formations such as kames, eskers (fig. 33>, and 
terraces, some of which would be hardly more than the width of a pencil line on a 
map of this scale. For detailed analyses of specific areas reference can be made 
to aerial photographs of those areas and to literature. 

Fig. 33. The topographic expression of eskers is 
illustrated by this view of that type of granular 
deposit in the till plains of central Ohio. 

Old Drift 

From the standpoint of age all the several drifts have been separated 
into two classes, the young or Post-Illinoian, and the old, consisting of 
Illinoian and older materials. Although the disparity in laboratory test results 
is not great, age is a logical differential for soil classification because of 
the contrasting texture and pattern which have been verified by numerous observa- 
tions and samplings. Throughout most of the area where old drift prevails there 
is a consistant trend toward silty soils in the upper horizons, these silts being 
similar to soils of the loess as it is mapped here. Among other things, the fact 
that loess is closely associated with the old drift and in some cases is known to 
cover it lends credence to an interpretation which places these soils in the cate- 
gory of windblown materials. Pet the influence of till on the characteristics of 
the soil and related land features is evidenced by the contrasting patterns in 
plates accompanying the airphoto analyses of old drift and loess. Iherefore, with- 
out regard to the origin of the surface mantle, these soils are appropriately 
classed as old drift. 

Yost of the old drift was subsequently covered by materials deposited in 
later glaciations or by thick deposits of loess. 
Indiana, 

Thus, only in southern Ohio, 
Illinois, Iowa, Nebraska, and in the northern sections of Kansas and 

Missouri, is the old drift exposed to an extent warranting its consideration as a 



separate entity among glacial soils; other situations where similar drift of undeter- 
mined age prevails (155) have been disregarded because these materials are of only 
local importance to the soil pattern and soil characteristics. 

The original level surface of the old drift, both east of the Mississippi 
and to the west, has been altered considerably by erosion and dissection. In Ohio, 
Indiana, and Illinois, these soils are of Illinoian age, while the remainder are 
largely composed of Kansas drift, both consisting almost entirely of till, print+ 
pally as till plains and rather unimportant moraines. Large deposits of granular 
and lacustrine soils which are characteristic of the young drift to the north are 
of little consequence compared with the complementary till soils. Most of the 
topographic features are dependent upon erosion (fig. 34), which in much of the 
Kaxlsas drift region has removed a large portion of the original deposits, and thus 
has formed dissected and rolling topography. In contrast to the Kansas drift 
region where the differences in elevation may be great but the slopes gentle, the 
topography in the Illinoian drift section is to a great extent still level, especia 
in some of the areas which are far from the outer boundary. Locally, however, some 
dissection has occurred. Near the outer borders of this drift where dissection has 
progressed to an advanced stage, some of the land forms are similar to those in the 
Kansan drift, and some of the soils are as closely related to the adjacent bedrock 
as they are to the till. 

-lY 

Fig. 34. Despite the nearly level surface in the upland 
of the old drift, erosion is potentially of concern 
because of the silty soils in the upper horizons. 

Somewhat similar in extent to the widespread mantle of silt, there is within 
the old drift a characteristic formation of plastic soils in the subsurface horizon, 
this formation being sometimes referred to as "gumbotil" and sometimes known as 
"claypan development." The effect of this plastic soil on drainage features is 
unmistakeable, for throughout most of the old drift region internal drainage is 
retarded so that the silty soils in the upper horizons, especially in the level 
areas, are naturally water-logged. However, artificial drainage is often effective 
in alleviating engineering soil problems caused by this poor natural drainage. The 
depth and thickness of the clay-pan must be considered in locating and spacing drains. 
Furthermore, these plastic subsurface soils are of concern from the standpoint of 
compaction and stability of subgrades. 

The till beneath these upper horizons is composed principally of fine soil, 
there being occasional fragments of rock included both in the Illinoian and in the 
Kansan drift. Field observations and laboratory tests indicate that the Kansan till 
is by nature slightly more plastic than that of the Illinoian drift, the latter 
having been found to be more nearly similar to the younger till to the north (5) 
and differing from it mainly in the depth of overlying soil. 



Young Drift 

The sparseness of large granular and lacustrine deposits among glacial 
soils is conspicuously limited to the old drift, for in the young drift these 
assorted materials are abundant and cover an area more than equal to that of the 
old drift. Even then, these soils of assorted drift are much less extensive than 
the young till in area, though possibly not in importance to engineering design 
and construction. The till itself is not all of one kind throughout this region, 
that of the East being different from the till in the central states which, in 
turn, is only similar to the unassorted drift in the West. For the most part, 
these differences are manifested in topographic features and in composition and 
depth of the drift to bedrock. 

East of Ohio the topography is determined largely by underlying rocks and 
only occasionally are local features primarily dependent on the drift. The glacial 
mantle is not deep in the sense that it is deep in the central states; rather the 
drift deposits average possibly 10 to 15 feet in depth on the uplands but may reach 
50 or more feet in depth in the valleys and lowlands. 
prodigious in quantity and occasionally in size, 

Usually boulders and stones, 
are strewn throughout the till. 

and most of these components are 
vicinity, a fact which indicates 
short distances by the glaciers. 
bedrock, are profusely contained 
the larger rocks account for the 

I 
similar to the underlying rock formations in the 
that the till was transported only relatively 
Smaller rock fragments, likewise similar to the 

in the till, and these fragments combined with 
fact that some of the till is reasonably permeable. 

Fig. 35. Example of the topography typical of the till- 
covered portions in the seaboard section of New England. 
The level outwash and lacustrine areas are in marked 
contrast to these undulating ground features. 

With only a few outstanding exceptions the topography of this till is 
rolling to rough (fig. 35) and even rugged as determined by underlying formations 
of igneous and metamorphic rocks mainly in New England and by sandstones and shales 
in New York and Pennsylvania. The principal exceptions alluded to are those of the 
Mohawk Valley and the Lake Ontario section in New York, the seaboard of New England 
(452, pp. 64-76), and some New England lowlands such as the Connecticut Valley (289). 
Although in these unusual instances the till features, such as moraines and drumlins, 
are of more than ordinary importance, still the lacustrine deposits and associated 
granular outwash materials are of greatest concern in these sections. 

In some of the locations where, according to the map in plate 1, the soils 
are of lacustrine origin, actually the deposits consist of marine sediments. This 
applies particularly to parts of the Atlantic Coast (427) (430) and to the Champlain- 
Hudson lowland (526) (722), although part of the soils in these situations are 



definitely of the lake-deposited variety. titensive though these lacustrine 
deposits are, they are much more limited than those of greater expanse in the 
central states, and by that token they are in their entirety slightly dissimilar. 
The differences lie mainly in the fact that shore and delta deposits of granular 
soils are sometimes scattered throughout thp =nti.-e bed of the lake indicating 
different stages of deposition around an; :ath the waters of the lake during 
its existence. Similar conditions in the larger lacustrine areas of the central 
states are confined mainly to bands around the periphery of the lake basin, while 
in the East they may prevail throughout and result in soils of interspersed and 
interbedded sands, gravels, and clays. Later discussions concerning the soils of 
the Coastal Plain will show similarity between some of these lacustrine materials 
and those formed in conjunction with marine waters and on a vastly great,er scale. 

Despite the apparent lack of distinct separation between soils of different 
textures in these lacustrine situations, the clays which are the most singular 
product of this method of fomration are in Boston (445) essentially the same as 
they are in Chicago, Detroit, or Fargo, the principal distinguishing feature being 
the color and the location. Hence, the Boston "blue clay", so well known in 
engineering literature, corresponds in mode of formation with the Albany clay (528), 
the Hartford clay (289), and the clays of "Lake Chicago" (151) and "Lake Agassiz" 
(153). More important than the interbedding and intermixing of soils of different 
textures in these lake-bed areas is the fact that the soils may at once be favor- 
able as well as unfavorable for airport location, depending upon the relation of 
these two classes of materials to each other at the site in question. More thorough 
analysis and interpretation through treatments of separate phenomena, such as the 
terraces (fig. 36) associated with the present Connecticut River (289) (L&!+) or the 
evidence of extensive glacial waters in central New York (517), may be supplemented 
by the data obtained from aerial photographs of such situations. 

Fig. 36. The famed terraces in the Connecticut Valley 
occur at numerous elevations and illustrate the con- 
ditions (289) prevalent at the time of the melting of 
the ice on this structural trough. 

Coincidentally, the majority of population in the eastern portion of the 
young drift region is concentrated in the lowlands where, in addition to the soils 
just discussed, granular outwash materials formed through glacial drainage are 
distributed from Maine to New Jersey and even inland. Throughout these areas even 
the alluvium is often granular in texture, and the effect of materials of this 
nature on airport development problems can hardly be discounted. 

Westward in the central states there are, in the vicinity of Lake Superior, 
some young drift soils which, in physical composition and engineering characteristics, 
are similar to the till soils of New England. Glacial materials of this category 



can be attributed mainly to the *your.g rzc drift" (152) of Wisconsin glaciation, 
some of which was later covered by a crir.tle of gray drift dissimilar in character 
and different in origin. The general c-c -; Q-ity between the soils here and those L -.A/_-_ 
in New England lies in the fact that LLrLl -$:ally the components of the drift 
are primarily igneous and metamorptLc XL.<:. 'i'his till is coarse-textured and 
contains a large amount of rock ?raq:er,5s /<1-:. 37), stones, and boulders, in a 
manner such that the soils are lar,z~::;,- ;:OYC-P and -,vell-drained internally, albeit 
there are numerous swamps and pot-L& . . -L-. -i r‘ :?jwever, in contrast to the land forms 
of New England the topography hero iz :I?: r.+:lr,?;y so rugged even in nrangesll such 
as the Mesabi and Gogebic. Rock outoro+ L:'? noi particularly numerous or important 
except in the vicinity of the Canauian L,c'un:-ary, and the average total depth of the 
drift is greater here than in the east. ?fililo 5rk ft of this stage of glaciation 
stretches as far south as the tip of La!:<: L'i-k.lgar (138) (152), it is only in the 
Superior Upland (2), where the underiyirlr; Ledr?ci:; are igneous and metamorphic, 
that soils of this till have these ;I::!;“> ~Ci- c. 

Fig. 37. View ol’ ,a ai I-::, ,I ! si.: ‘2 ih the Superior upland 
during grading operaii.~~!c.. _'i Y ;zxture of the drift is 
well illustrated by the ~l'+~lal. shown on the surface. 

Aside from this excepricr most c~i' tr:,: (irift of the central states is composed 
predominantly of materials originating :'ron seoictientary rocks and is correspondingly 
underlain by rocks of that nature. 30s: ot' C,hs topographic features are those 
established by the drift and not by i.ho rock formations. The drift being young, 
large-scale erosion and dissection i:: rare, and in many instances a local natural 
drainage pattern has hardly been csfa:.ec!. 7%~ cntire section is one in which the 
ice originating from different center:: 6,~:: :-sided by prominent protrusions of 
resistant rock and correlative 1 o-~ilan~5.; s‘iz'. L!?;: 8i lobes of ice were formed which 
sometimes competed in the invasl~nn OJ :?t'::~raL different localities. As a result 
of this manner of invasion , prominent ::;::Y: HilS or +,c;rminal and recessional moraines 
are everywhere present in these stales, In muc? of this section, especially that 
which is proximate to the present' Grca; Lakes, l&.ere are complex arrangements of 
granular drift, outwash of gravei ant; srir::?, muck: and peats, and lacustrine silts 
and clays combined in a juxtapositinr. unparalleled in this country. 

This drift of omnifarioue characlzr prevails throughout most of Minnesota, 
Wisconsin, and Michigan, (fig. 38) .;.nd eu.tc-nds southward into Illinois and Indiana 
to about the forty-first paralley.; morainic topography is accentuated sometimes to 
the point of being steep and rough, while int,erveni~ng and marginal areas consist 
largely of outwash plains of sand and [:ra7:ei. !3ven the till trends to be granular 
i.n character , probably as a resul II cmi' *5i~~~~?cji L,T r;n, r~t,r~n~jportation, and redeposi- 
tion of the drift during various 3',3{es '?I' glaciation. Myriad lakes and deposits 
of organic materials are typical (Eig. Iii)), Although i,he soils here are mapped 
entirely as those of the young d-if+,, L,Lere a~ rwo s:actions, one athwart the 



boundary between Illinois and Wisconsin and the other north of the driftless region 
in the latter state, where extraneous materials usually attributed to Illinoian 
glaciation (155) (751) exist. Inasmuch as these locations are somewhat removed 
from the main area of old drift and many of the landforms and soil characteristics 
approximate those of the conterminous y-oung drift, age has been disregarded in 
designating these materials on the map. 

Fig. 38. The peculiar topography and 
vegetative cover illustrated in this 
view are typical in many areas through- 
out the Great Lakes section of young 
drift. Sandy soils, high groundwater 
tables, and bogs and swamps are repre- 
sentative of these sparsely settled 
localities. 

'Fig. 39. An airport located on level 
sandy outwash adjacent to extensive 
deposits of organic materials and 
attendant lakes. 

In striking contrast, that drift in Ohio, Indiana, and Illinois which is 
south of the forty-first parallel is predominantly in the form of broad and 
suprisingly level till plains broken at intervals by moraines which in many 
instances are not prominent and topographically are not far different from the 
surrounding land. The numerous lakes and organic deposits and the large areas of 
outwash sands and gravels, characteristically associated with young drift, are 
practically non-existent in the plains section, although granular materials in 
the form of kames and eskers on the uplands, 
are everywhere readily available (151) (154). 

and terraces in the river valleys, 

Within the concept of soil formation used in this manual, major differences 
among soil profiles in the till plains are dependent more on topography than on any 
other feature, the soils being weathered to a ,greater depth in the flat or depressed 
positions and accumulations of organic matter in the top horizon being confined 
largely to the soils in the depressions (fig. 4G). Climate and vegetation play an 
important part, of course, but their effect is largely regional rather than local. 
These depressed and relatively low-lying areas often represent incipient drainage- 
ways which have not been developed to the extent of becoming stream channels. Both 
the subsoil and the parent material of most of the till are predominantly rather 
fine-textured, the parent material containing some pebbles and rocks except in the 
well-known boulder belts where this relationship obviously does not apply (fig. 41). 
For the most part the soils are rather poorly drained internally, and yet almost 
without exception they are pervious to the extent that artificial drainage 
installations, where economical, could be helpful in removing water from the soils 
and improving poor natural drainage ccnditiocs. Occasionally, sites suitable for 
airport development are available on the broader terraces, and as such they consti- 
tute the acme of advantageous conditions from the standpoint of topography and soil 
combined. 



Fig. 40. This location in the till plains of Indiana 
illustrates the level to undulating topography and 
the correlation between soil formation, soilcolor and 
topographic features whereby organic material tends 
to accumulate in the top horizon of soils in depressed 
(black) positions. 

Fig. 41. Illustration of ground conditions prevail- 
ing in the boulder belts of the young drift in the 
central states. 

Till plains similar to those just mentioned but more limited in expanse 
are more definitely associated with moraines and variable outwash features occur 
in northern Iowa and to some extent in southern Minnesota. Here the till is 
largely of the Wisconsin age, although some Iowan drift is definitely recognizable 
in both the northeastern and to a less extent northwestern portions of Iowa (153) 
(372), both belts extending into southern Minnesota. These plains are level or 
only gently undulating with the exception of occasional hillocks, some of which 
are kamey and contain gravel and which stand above the surrounding land. The 
soils of these level lands are comparable in engineering characteristics to those 
of the plains farther east, they, in general, tending to be poorly drained and 
sometimes ponded in the depressed locations. For the most part the morainal 
belts are outstanding as topographic features and are easily distinguished from 
the surrounding till. In that respect, the drift here is somewhat similar to the 
more granular drift of the lake region. Actually more than a small amount of 
soils in this area consist of outwash of sand and gravel comparable in texture but 
not in extent to those of the outwash areas in Michigan, Wisconsin, and the northern 
part of Minnesota. 

An outstanding feature near the western edge of this section is that major 
land form known as the Coteau de Prairie, which in geographic location approximates 
the intersection of the boundaries of South Dakota, Bbinnesota, and Iowa. Beneath 



the deep deposits of drift, some of which are 400 to 500 feet in thickness, there 
is a rock core so massive and so resistant that it split the Wisconsin glacier into 
lobes which extended far to the south on both sides of the Cot.eau. Earlier glacial 
deposits and subsequent loessial materials account for the soils of this section 
(663), the latter predominating as indicated on the map (plate 1). Major moraines 
(fig. 42) marking the outer borders of the Wisconsin and Iowan drifts loop about 
this land form and extend to the north, thus providing prominent surface topography 
in contrast to the low surrounding plains which are from 50 to as much as 400 feet 
lower than the moraines and as much as 800 feet below the crest of the Coteau. 

Fig. 42. Uorainic topography in northern Iowa and 
southern Minnesota. 

The glacial soils to the north and west of t'nese till plains, more 
specifically in the southern half of Minnesota and the eastern parts of the 
Dakotas, form a transition zone between the drift of the humid areas in the 
central states and the drift of the more arid regions in the Great Plains. In 
some respects the textures of these soils are similarly transitional because 
the influence of granular drift is of some importance, but not nearly as specific 
as it is in the drift bordering the Lakes. The topography is largely morainic, 
drift of this form being almost equal in area to the more level intermorainic 
till which at most is gently rolling. 

Fig. 43. Gravel pit opened in a glacial terrace. 



Of slightly less extent are the mdespread areas of outwash sands and 
gravels (fig 43), some of whxh a-e ulthm themselves as nuch as ten mles in 
vndth and perhaps one hundred mles I" length Upon the whole these outwesh 
features are lmted to smnuous bands along the stream channels, yet in a fe-A 
instances on some larger outivash areas are practically disassociated from the 
present streams Illustrative of these and other drift features, and demonstrative 
of the value of geologic rwestlgatlons to sol1 analyels as well, 1s the Inter- 
pretlve work by Leverett (462) dealing mth the glacial geology of Minnesota and 
adjacent states The map of Mx~nesota accompanying that report contans about all 
the lnformatlan necessary for a comprehensive analyst of glacial ~011s mthln a" 
entire state, and, as such, It. 1s with greater detail representative of the lnten- 
tlons of the authors in pi-eparlng the map (plate 1) of the entire country 

Westxai-d I" Montana and 1" those sections "ear the Mxsowl River in the 
Dakotas the eolls of the young drift, while Inherently similar to the young di-lft 
1" the till plains, are affected considerably by the lack of preclpltation This 
cllmatlc effect 15 manlfested mainly 1" the depth of weathering and accumulat~o" 
of calcium carbonate "ear the surface. Yost of the drift 1s of Wlsconsln age as 
indicated by the symbol used on the map, however, I" the southern portIons, and 
partxularly those sections south of the Hssourl River, much of the drift 1s et 
least as old as the Illinoian Near those southern boundarIes, where the glacial 
cover is thin, the underlying rocks are the dormnant influences I" sol1 formatlo" 
and the age of the drift 1s not of prvnary consequence I" englneerlng problems. 

Except where eroslo" has been particularly severe, such as 1" badlands 
and coulees, the topography consists almost entirely of very broad and gently 
eloping plans broken at intervals by abrupt protruevzns somewhat I" the manner of 
cuestas . More outstandmg, and probably the most exaggerated of all moralnic 
belts I" the entlre glacial reglo", 1s the tissourl Coteau which lies to the north 
and east of the &ssour1 River and stretches from central South Dakota northward 
Into Canada This belt stands out es a egantlc system of knobs and basins 1" 
which many small lakes and ponds have been formed and I" tiich the drift 19 
characterlstxally stony. Not all of the coneplcuous features of this escarpent 
are due to the glacial mantle, however, as the maximum depth of the drift filch 
overlies the bedrocks IS only about 150 feet 

Although the data concerning glaclatlon I" Montana BPe not as abundant as 
in many areas, some xwestigators (139a) have indicated that abundant deposits of 
gravel are avaIlable throughout this sectlo" In the southern parts terraces of 
considerable elze are often associated mth mayor stream valleys, while to the 
north large beds of Tertxry gravel6 (Flexalle) underlie glacial materials at only 
a shallow depth These gravels are analogous to those xhlch outcrop among the 
Tertiary shales, clays, sandstones, and scor~a "ear the angular intersectlo" of the 
tissoun and Yellmrstone Rivers 

Robably the most unique of glacial ~011s throughout all of the young 
drift of the central United States are those I" the beds of the old glacial lakes 
which I" thex antiqruty nere associated mth the present Great Lake system These 
soils conslst of sllte and clays whxh are very uniform I" gral" size and texture 
end were undoubtedly deposlted I" the deeper portvms of the lakes during their 
exlstencs Not all of the lacustrrve materials, however, are of this nature. Usually 
"ear the edges but sometimes far Rthln the barns, a-e numerous deposits of sands 
end gravels nhxh were deposlted "ear the shore of the lake at different stages 
Undoubtedly these sands and gravels were developed not only by the actlon of waves 
end Kmd, but some wei-e also deltas where mflovnng water deposited the debris 
Associated with these lakes lrere sand dunes sxr&x- to those adjacent to all but 
the smallest of present-day lakes As the topography mthm the basins 1s "early 
level (fig LO), the streams meander except where greatly entrenched All of these 
lacuetrlne features I" canblnatlo" pronde a" l"terestx,g and unusual sol1 pattern 
whxh 1s readily discernible through aerial photographs (see chapter XI) cut- 
stan&ng among these lacustrrre situations (156) are the beds of Lake Agassls (463) 
(464), Lake Souris (568), and Lake Dekota (668) (669), I" additlo" to those adjacent 



to the present Great Lakes. 

Fig. 44. The level topography and even the soil 
textures of the lacustrine plains in the central 
states can be detected in this ground view, al- 
though they are much more evident in the aerial 
photographs of the same or similar locations. 

The drift soils in the Rocky Mountain region and near the Pacific coast 
are confined principally to the valleys, and their characteristics show distinctly 
the effect of the surrounding rough topography and conditions attendant to the 
melting of the glaciers. In many locations, especially in the long and narrow 
valleys of the mountains, the soils in effect are hardly different from those of 
the valley fill which are discussed later in this report. Upon the melting of the 
glaciers large amounts of water were channelized in these valleys resulting inevitably 
in assortment of the debris; consequently, the soils are inherently- granular. The 
similarity in physical composition of these soils and valley fill materials lies 
in the fact that both were formed by this process of transportation by water. 

Some of this western drift in the vicinity of Puget Sound is of the mixed 
and unassorted variety. This is particularly true of the soils bordering the 
southern reaches of the Sound. Here rolling and sometimes rocky deposits of till 
are mainly moraines which on the south apparently form a barrier preventing 
extension of marine waters into southern Washington. 
bordering the Chehalis River 

Beyond the moraines and 
, gravels and sands deposited as outwash are predominant. 

Similarly, within the borders of the morainii: 
gravel and sands extend northward (fig. 45). 

belts a maze of plains consisting of 
Some prominent rock outcrops stand far 

above the general level of the glacial deposits, and in some places there are abrupt 
breaks in the topography especially near streams and the Sound itself. Bogs are not 
uncommon. 

Fig. 45. Soils throughout this valley in eastern 
Washington are of granular glacial drift. 



CHAPTER VI 

WATERLAID MATERIALS 

Among the ~011s that orlgxnated through the actlo" of transportmg media 
are those deposlted pnnclpally by flowmg water These Include the ~011s of the 
Coastal Plam, those of the fllled valleys and Great Plains outwash mantle, and the 
recent alluvllm. The first two groups are composed of materials which are pre- 
dominantly of geologx "age," 1.e , "at formed durmg the last fen hmdred years, 
while the recent alluvium consists of ~011s deposIted by the rivers during the tme 
that they mere essentxilly of theu- present character 

5011s of the Coastal Plan 

As show" on the map (plate 1) the Coastal Plan as a sol1 provrnce does 
not comclde everywhere mth the physlographlc Coastal Plan The Corstal Plan 
reglo" borders the Atlantic Ocean and the Gulf of Mexico and as a physlographlc 
province 1s contu"x,us from Long Island to the Rio Grade, varpng I" mdth from 
a few to several hmdred rmles As a so11 province, it 1s modlfled at the north 
edge by glacial drift I" hew Jersey and on Long Island, and 1s made alscontlnoous 
1" the &ss~slppl Valley sectlo" by alluvium and by a loess belt ad:ace"t to the 
alluvium on the east 
graphic province L 

Othermse, the sol1 province 1s colncldent mth the physlo- 

The materials of this sol1 group are of both marrne and contu,sntal or&n 
all having been deposlted during recent (Cretaceous or later) geologxal tuws 
SMKXZ the tune of deposltl"" of the oldest formations represented, the land, or at 
least part of It, has been both submergent and emergent sometures alternately 
Practxally all of the strata relevant to sol13 "Ear the surface are unconsolidated 
oi- slightly Indurated at best, although there are many and occasionally extensive 
formatIons of lunestone, sandstone, and rocks of less defuute character which have 
conslderable Influence on the topography If not on the ~011s Thus, the orlgl" of 
a portlon of these sol16 may oe contentious - residual VBP~US sedimentary - but not 
of particular slgnlflcance 1" this general classlflcat~cn, for any u,terpretatlo" 
discounting the u,flue"ce of bedrocks as parent materials, If I" error at all, 1s 
explable by the fact that such ;nfluence 1s not great enough to alter the u"que 
contexture of ~011s whwh prevail 1" this reglo" of tne country 

Contrary tc the u,pluzatlon of Its name, the Coastal Plan 1s not lIterally 
a" ""broken surface sloping gently from Its lnlana border to and beneath the sza 
Yet, asIde fron dlfferentual eroslo" and attendant land fnrns, It has essentially 
the nature of .s plane beds of each age bexng character~stxally tbu, at their u,ner 
margIns and gradually beconug of greater thickness as they extend seaward Eleva- 
tlons "ear the boundarjr on the lnterlor are as great as 700 feet east of the tississlppi 
ana mare than 1,000 feet I" Texas, and either occurs at locations not more than 250 
miles from the Gulf Altogether, these several features have, I" many sections some- 
what removed from the Coast, been accentuated by dissected land formIng rollug and 
eve" rough local topography where several of the mqor streams have become entrenched 
and rmnor escarpments formed These inner sectlow are often referred to as the 
inner or upper Coastal Plan to differentlate them from the lm, level, and less 
mature land forms of terraces adJoInIng the Ocean and Gulf. 

Of the two major divlslons of phyucal features tihlch have been mentioned, 
that of the outer terraces 1s the less oxtenslve, although It 1s not confuwd to 
posItIons uur,e&ately contiguous to the coast I" fact, at some places on the 
Atlantic seaboard the terraces extend xmard almost the entlre mdth of the Coastal 
Plan, sun~larly, more than half of the total surface area I" FlorIda 1s covered 
I" thx way Generally the topography of the terraces 1s level, pronounced differ- 
ences I" elevation occurr="g manly near the stream channels and occasionally on the 

&r addItIona sltuatlon, the Grand Prarie I" Tpxas, could be considered as 
an exceptum where the Coastal Plan 1s modlfled by extraneous soil condltlons 
See Fenneman (ZO), page 101, footnote 



shore where dunes have been formed. Almost without exception the streams in this 
low belt enter from the highlands and meander for scme distance finally terminating 
in drowned valleys and estuaries. Some of the major river channels in the east 
are drowned as far inland as the border of the Coastal Plain - the "fall line"; 
hence water levels rise and fall with the tides at Philadelphia, .Baltimore, 
Washington, and Richmond. Farther to the south and westward where the band of 
terraces falls far short of reaching this inner boundary this condition does not 
prevail, although many prominent cities are located at the fall line on some of 
the more important streams. 

Fig. 46. View showing the topography and vegetation 
typical of the terraces in positions somewhat removed 
from the coast and marshlands bordering the streams. 
In this particular instance, the soil is sandy and 
well-drained internally. 

The terraces throughout most of the region have a maximum elevation 
approximating 200 feet above sea level increasing to as much as 300 feet in south- 
ern Texas and many are of granular texture (fig. 46). Swamps and marshlands which 
often lie in the lowlands between terraces are everywhere common, especially along 
the immediate coast and inland as borders to the sluggish streams. Outstanding 
among these are the Everglades o f Florida and the Okefenokee and Dismal Swamps, 
all three being removed some distance from the coast. Several stages of terrac- 
ing have been recognized and in some instances correlated in widely separated areas. 
Outstanding examples of correlations are those made in Maryland (436) and Florida 
(299). 

Inland from the terraces the upper portion of the Coastal Plain consists 
of deposits of Tertiary and Cretaceous ages arranged such that they occur in belts 
of varying width, but being oriented such that their boundaries resemble the 
boundary of the coast deviating only at the Mississippi Valley. Differences in the 
resistance of various strata are manifested in a more minute system of belts made 
up of the higher lands on more resistant outcrops separated by intervening lowlands 
where the strata were easily eroded. The degree of difference between these higher 
and lower sections varies from the Cuestas of New Jersey (512) to the minor escarp- 
ments of Texas (695). The deposits of different ages and the accompanying belted 
pattern can be appreciated at a glance on geological maps of this region (52). 
The vegetation of the Coastal Plain responds strikingly with these belts as 
represented by the famous "Timber Belts," (fig. 47) l'Cross Timbers," and *Flat 
Woods" areas. 

Unlike most of the other parts of the country this region is not one in 
which the soils are unequivocally related to distinct and separate geological and 
physical features as are those where the residual soil is derived from underlying 



bedrock, or where the soil of an esker is dependent upon a distinct process of 
glacial deposition. Doubtlessly similar natural processes of formation account 
for these soils as they now exist, but the inter-relation of marine and continental 
deposits is often concealed in the present land features. and the pattern of 
cansation is thus obliterated. Nevertheless, this is not particulirly detrimental 
to an engineering classification of soils because, regardless of the process of 
formation the sands, for example, of the fall-line hills in Qeorgia (308) or the 
Carolinas (651) can from the standpoint of texture be reasonably grouped with the 
sands of the beaches as well as those covering the ALimesink District" of the 
upland in northern Florida (301). 

Fig. 47. Timber belts such as these in southern 
Alabama occur on the sandy soils throughout the 
Gulf states. 

By far the most widespread soil in the entire Coastal Plain is that 
material here denoted as interbedded and intermixed sands, gravels, clays, and 
silts. Although this designation is seemingly inexact, it is strictly descrip- 
tive of the soils as they exist as a group in the field, being random in 
physical characteristics and distribution. Numerous investigations such as 
those by Darton (181) (436), Salisbury and Knapp (515), Deussen (685), and others, 
corroborate this by well drillings and other sub-surface explorations. The hetero- 
geneous arrangement of this material is well illustrated through a number of figures 
and plates, e.g. (515 - figure 39; plate Vb) in those publications. Not only are 
soils having different characteristics stratified sometimes in relatively thin 
layers, but in addition the strata dip, form pockets, and outcrop on the surface 
in a way such that materials having highly divergent engineering properties may 
intermittently occur on the surface within limited horizontal differences. Hence, 
changes from one material to another may be encountered many times on the surface 
of an area the size of a modern airport. Such variations, while being outside the 
scope of a map having a scale such as that of plate 1, are readily discernible 
locally through inspection of aerial photographs. 

Most uniform in composition and secondary only in area covered are the 
abundant sands which are important almost everywhere throughout this coastal 
region. In major deposits these soils occur in situations ranging from the low 
terraces of New Jersey and Florida through the previously mentioned fall-line hills 
to the tufaceous sands near the Red River Valley in Oklahoma (183). These materials 
are not limited just to those areas where they are shown on the map, for, in fact, 
numerous locations in the Black Belts and on the clays and organic deposits else- 
where have deposits of these soils in amounts which are of considerable consequence 
to engineering construction in those sections. Some of the Coastal Plain sands are 
attributed to the disintegration of weak sandstones in place (651) (183), although 
by far the majority are considered to be directly sedimentary through marine or 



alluvial deposition. Supplementing both methods of formation the winds have re- 
deposited the sands in dunes not only near the beaches but sometimes in uplands 
such as those of northern Florida. These sands (fig. 46) are highly erosive 
(fig. 48). 

Fig. 48. In the sandy soils of the inner Coastal 
Plain erosion forces are effective in dissecting 
the surface both locally and regionally. Note the 
vertical banks in this major gully. 

Probably the most unique soil of this region is the sand-clay which consists 
of the component materials not interbedded or intermixed but integrated in propor- 
tions such that the soils are granular in nature yet plastic and cohesive to the 
extent that tests for limits of consistency are possible (see Table VI - soils No. 
882C, 884C, and 916C in appendix A). From the standpoint of drainage and vulner- 
ability to the adverse effect of moisture these soils warrant considerable attention 
to their clay-like characteristics, although compaction tests show that they are 
materially influenced by the fraction of granular particles. Through occasional 
and intentional samplings soils of similar characteristics have been found in 
widely separated sections of the country; however, these occasional samples not- 
withstanding, there are data to substantiate the assumption that this class of 
material is confined largely to the southern states where the soils are those of 
the Coastal Plain or have been derived from the metamorphic rocks typical of the 
Piedmont region. 

The most singular soil of the Coastal Plain is the clay which, as such, 
occurs in more than just those situations shown on the map. Those that are not 
shown, however, are so small that they can be delineated only in areas which are 
limited in extent, and for that reason they are for this purpose included in the 
soils of the interbedded and intermixed variety. The clay just north of Washington, 
D. C., for example, is but one of the small areas of various clays associated with 
eastern Cretaceous formations. 

The largest and most important sections where these materials predominate 
are those of the "Black Beltsn (fig. 49) (fig. 50) in Alabama, Mississippi, and 
Texas. These soils lying at an angle to the present Mississippi River in Alabama 
and Mississippi on the east, and in Texas on the west, define former shores of the 
Gulf of Mexico. Soils of these famous belts are, as the name implies, black on the 
surface when not perfectly dry. They are of %axyl' consistency. Soils No. 868~- 
$'7OC in Table VI of appendix A are representative of a profile of soils of this 
character. For the most part these materials are underlain by formations of marl 
and chalk such as the Selma of Alabama (202) and the Eagle Ford, Austin, and Taylor 
of Texas (695) (81). They have exceptionally high shrinkage factors and draw away 
from any concrete structure when dry leaving large soil cracks which often cause 



failures due to the entry of water behiYJ 7d under the structures. Like all clays 
they are highly impermeable when moist ?e of the large cracks whfch develop 
when these soils are dry, much movement 01 ..l,ground water may occur temporarily 
before swelling can seal them. Cracks as large as one foot in width at the surface 
and fifteen feet in depth have been observed in these soils. 

Mfferent geologically but not in engineering characteristics are a con- 
siderable amount of younger materials near the coast of Texas and Louisiana where 
the clay soils are geologically of the Beaumont and associated formations. Here 
the topographic expression is that of the coastal terraces which have been some- 
times construed to be surfaces of old deltas formed by outwash from the higher 
lands to the north and west. By that interpretation they are similar to the delta 
deposits of the present Mississippi, but of necessity were formed on a much larger 
scale. These plastic soils near the coast are sometimes overlain by a thin veneer 
of sandy materials, yet the ground-water table is high and the sands are usually 
so shallow that the clays cause the predominating engineering soil problems. 

Fig. 49. Throughout the *Black Belts," Fig. 50. The performance of pavements 
except in those sections bordering en- underlaih by clay soils illustrates the 
trenched streams, the ground surface is -importance of proper attention to sub- 
usually level as illustrated by this grade stability in dealing with these 
view in eastern Texas. plastic soils. 

East of the Mississippi, particularly in southern and central Florida, 
the clays overlie Tertiary limestones; occasionally, and particularly in the up- 
lands, sink-hole topography prevails so that it appears that these clays may be 
directly associated with underlying calcareous formations. On the other hand, 
some of the formations beneath the upland have not been indurated and thus 
consist of greenish clays or only slightly solidified materials. Some rock forma- 
tions outcrop in Florida to the extent that there is little, if any, soil cover, 
this condition being outstanding in the vicinity of Miami (2%). 

The gravels and sands of the Coastal Plain, actually much more extensive 
than depicted in plate 1, are possibly more important as subsurface deposits than 
as surface materials. Aside from the sands and gravels diffused throughout the 
congeries of interbedded and intermixed soils, a few areas of these granular 
materials are outlined on the map by the designated symbol. Although some of the 
gravels are, in part, among the oldest of materials represented in this region, 
by far the greater part are of more recent origin with the majority being assigned 
to the Pliocene epoch. 

Along the Atlantic seaboard and parts of the Gulf Coast these materials 
are subjacent to the younger terrace deposits from which they have received 
protection against erosion. Farther inland they sometimes outcrop or exist 



at o"~S 3hellorr depths beneath the SurfaCe; =" Such S POSltiOn they have became 

m~;ftant natural resources I" many of the states bordermg the Gulf (421) (469) 
Coeval deposits of sand and gravel which once exxted still farther in- 

land have been largely removed by erosion, only remnants, such 3s those SW- 
mounting high Interstream divldea in Texas, remaining These are the famed but 
often IndefInite "Lafayette" gravels of geological literature, representing a 
formatlo" mdespread throughout the entire Coastal Plain and, according to some 
socrces of information, beyond its borders 

Soils of Fllled Valleys and Great Plans C&wash mantle 

The ~011s of filled valleys and the Great Plains outwash mantle are 
indicated In this report as one of three soil dlnslons among the waterlaid 
mater1a1s. This grouping is, of course, not entirely in harmony lrith either 
geologxal or pedological methods, but 1s dlstlnctly a" engineering approach 
based on a reasonable similarity I" texture of the soils, the generally pre- 
valling topography, and a slrmlarlty m the method of deposition Both the 
climate vanatxas, which are of great importance to the pedologxt, and the 
age differences of the deposits which are of prurary Interest to the geologist, 
are large. Hrmever, for ensneerIng purposes these varutlons are not sufficiently 
great to preclude the sol1 grouping under o"e dlvlslon. For purposes of dlscussio" 
these materials a-e separated into tvo subd~tislons These are the outwash mantle 
on the Great Plains and ~011s of the fllled valleys The mantle 1s referred to in 
parts of this and other texts as "Tertiay" mantle although evidences of Quaternary 
depcslts have also been found. Parts of this area are also referred to as the 
High Plains. The ~011s of the filled valleys have been further subdivided Into 
"unconsolidated", "consolidated in places", and "semi-consolidated." 

Great Plaum Outwash Mantle 

The major portion of Great Plains outwash materials are in a pert of the 
High Plams sectum, mclud1ng The paohandle of Texas and Oklahoma; adjacent 
areas I* No Mexico, COlOradO, and Kansas; and rather small ~T~QB in Nebraska, 
Wyomng, and South Dakota The Great Plains, 1" the physiographic se"38, is much 
larger, occupying not only this Rocky Mountain outwash soil area but all of the 
vast area in central-western United States (54) and including so11materials of 
aeollan, residual, and glacial origin. 

The topography of this expanse of lnterlor land is generally flat; however 
the entire repon slopes gently eastward from the base of the Rocky Mountains at a" 
average fall of about 10 feet per rmle This othervnse monotonously flat area is 
dissected here and there by the several streams of the i-e&o" I&any of the larger 
east-flomng rlvei-s have theu- sources 1" the Rocky Mountains The largest rivers 
L" the area are the Arkansas, the Csnadun, and the Cinrmaro" Because of the need 
for rater, population of the West 13 concentrated along these streams, and the 
important surface transportation routes often follmr these river valleys. BeCaUSe 

the dissection is more prominent along the river valleymalla, the casual observer 
traversing the Great Plains may receive the impression that the area is more rugged 
than it actually 13. There are other breaks I" the topography such as badlands and 
8or,e canyon-like areas along the Canadla" end other east-flowing rivers in Texas 
and Oklahanna and there are many large and small arroyos cut by torrential summer 
run-off. 

The boundaries of the Great Plains a-e frequently establuhed on the basis 
of cl*%, the ramfall, for instance, varying in amount from 10 to 15 Inches on 
the western boundary to 20 Inches on the east In the Texas-Nev Mexico area, the 
summers are long and hot with carrespo"dingly short, moderate winters, a slgnifi- 
ccmt factor in connection with the high evaporation losses of ground water. 

The relatively small amount of rainfall has a decided effect on vegetation 
(fig. 51). The region is, in general treeless and is covered with short grass In 
contrast~th the "long grass" of the adjacent prairies to the east. The are.5 ia 



used primarily for grazing, although most of the river valleys are intensively 
cultivated where irrigation is feasible (plate 53), particularly along the 
western border of the plains. 

Fig. 51. Because of the semi-arid climate which 
prevails throughout the Great Plains, the region 
is largely devoid of trees and is characterized 
by short grasses and desert vegetation. 

The geology of the High Plains is as interesting as it is intricate (52). 
Beneath the Tertiary mantle the bedrocks consist of shales, sandstones, limestones, 
and conglomerates, laid in almost horizontal strata (190). The dip of the strata 
is, in general, gently eastward and where these strata become surface materials 
along the eastern boundary, as they do in eastern Kansas, central Oklahoma and 
Texas, low east-facing escarpments are found. On a portion of the western boundary, 
these strata bend sharply upward and in places are almost vertical; in southeastern 
tiew Mexico they emerge from under the mantle at the Mescalero escarpment and are 
the bedrocks of the Pecos plains (557). Following the establishment of the Great 
Plains as a land surface, the Rocky Mountains underwent a prolonged and severe 
period of erosion. Much material from the mountains was carried by the now extinct 
streams flowing across the Great Plains in an eastwardly direction. The position 
of these streams was ever-changing with the accumulation of additional debris. ThLir 
pattern is seen in plate 52. As a result, a considerable portion is covered with 
a deep mantle of water-deposited sand, gravel, and silt. Much of this material is 
a conglomerate with calcium carbonate binder and is frequently referred to as 
"mortar beds," although in many places loess overlies the outwash, now considered 
as the Sanborn formation (384). Other names frequently found in the literature 
include "Tertiary marlt' and "Plains marl" (50). 

Fig. 52. The performance of this rigid pavement 
located on the soils of the High Plains mantle is 
poor, despite the semi-arid climate and the sandy 
and silty texture of the soils. 



Near the Rocky Mountams can be found alluvial fans of great extent, 
which consist of eroded materials from the mountains The mountain outwash found 
in the High Plains sectum 1" Nerr Yexlco, Texas, Oklahoma, Kansas, Colorado, 
Nebraska, southedstern Xyomng, and southern South Dakota are identified geo- 
logxally as Arikaree and Ogalala (190). The border between the two as Indicated 
in plate 1, is in northeaster" Colorado and southwestern Nebraska The northern- 
most area, which 1s the older of the two, consuts essentially of loosly cemented 
sand containing calcareous concretions The yolxlger formatlo" also co"slsts 
pnmanly of sands mth some gravels and silts, calcium carbonate being the 
cementing material. To the south, I" Texas and New Mexico, caliche 1~ found near 
the surface and even outcrops on occasion 

Pedologxally the ~011s 1" the sout&n area of the Great Plans mantle 
are mapped as Amarl (6t73), covering roughly the eastern half, and Spruger the 
western half Sands are >ndxated as such. Both these materials extend northward 
almost to the Arkansas River I" Kansas and Colorado In the western sectlo" some 
small portlons of this mantle are lndlcated as Otero. North of the Arkansas River 
the soils of the H-Lgh Plans, excluding the sands and loess, are lndxated as 
Rosebud although some discrepancy exists where the loesslal Keith 1s also Indicated 
as Rosebud (&!,) In some sases (43), the Baca-Prowers ~011s are lndxated 1" the 
northern panhandle of Texas, Oklahoma, Colorado, New Mexico, and Kansas These 
are described as granular friable ~011s mth crumbly clay subsoils underlad by 
chalky layers of carbonate of lime To the south and east of and adjacent to the 
Baca-Prowers are the Zlta-Pullman soils, lAhlle the Regan-Sprmger are reported 
to be sandy, silty soils mth calcium carbonate occurring from one to three feet 
below the surface The Bmar~llo are sandy silty materials mth calcium carbonate 
occurring at depths of three to five feet or more. Fxld and laboratory checks 
on the Springer Indicate there are many areas that are especially granular I" 
contrast the Amarillo ~011s were less variable 1" texture 

I" the extreme southern portlo" of the Great Plains, prlmarlly on the 
Edwards and Stockton Plateaus (690), this superfxlal mantle either has bee" eroded 
or aas "ever deposlted I" these areas LIkewise, along the eastern border of the 
Great Plams, from the Edwards Plateau to the tissoun &ver, eroslo" has denuded 
most of the area of the slit, sand, and gravel deposits, although extensive patch- 
like areas of the material are St111 to be found Most of the stream valleys in 
this area have been fllled to considerable depth xath the materxl eroded from the 
Great Plains and from areas further west. Considerable denudation 1s also found 
along the Platte and Arkansas Rivers 1" northeastern and southeastern Colorado 
and adJacent areas to the north and south of these streams ThlS area (f1g 53) 
1s frequently referred to as the Colorado Piedmont (19). Llkernse, most of these 
deposits have been removed from the Great Plans area of western North and South 
Dakota, Montana, and most of Wyoming, and as a result, the surface sol13 ore 
induated on plate 1 as resldw.1, derived from shales, clay, sandstones, and scorla 
(190). Outlying remnants of these extensive river-deposlted materials are lndlcated 
on the map I" east-central New Mexico, southeastern Kantana Just north of the Black 
Hills, and I" a ",mber of locations in Wyoming, Utah, and Colorado associated mth 
the Ulnta Mountains Geologxally, most of these are referred to either as the 
Browns Park formatlo" or the Bishop conglomerate Other slrmlar materials are 
Indicated 1" Wyormng at the southern ertrermty of the W=nd River Mo""tal"s and 1" 
a large area between and slightly north of the Park Range and Yedxlne Bon Mountains 
I" southern Wyoming and northern Colorado Omng to the slrmlarlty of texture the 
materials of the Santa Fe formatlo" (50), found 1" Isolated areas I" the RIO Grande 
valley of southern New Mexico and much more exteoslvely through Albuquerque, Santa 
Fe, and northward, are Included on plate 1 with the mountain outwash of the Great 
Plans 

Sands occur in many rather small Isolated areas I" sufficient number to 
constitute a relatively high percentage of the total surface materials of the Great 
Plains mantle. The Nebraska Sand Hill reao" constitutes the largest single area 
of sand, this material being found between the Platte and Niobrara r~vei-s and from 
the Wyyormng-Nebraska line as far east as Elgin, Nebraska According to Lobeck (X2), 
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these sands are derived from the Great Plains Arikaree, the silt having been 
removed by wind action. Other deposits of sand are found on the leeward side of 
rivers, the sand having been blown from the adjacent flood plains. 

Fig. 53. The soils forming the subgrade for this 
pavement were derived from black shale in the de- 
nuded sections of the Colorado Piedmont. 

Detailed data covering the engineering characteristics of the mountain 
outwash materials of the Great Plains are not abundant. However, there is reason 
to believe that the textures of the surface soils are reasonably consistent within 
the area indicated, and in the absence of detailed data, general information be- 
comes important. Taking the group as a whole the surface soils are rather deep 
averaging possibly six to twelve or fifteen feet. They are predominantly silty 
in texture with sands and gravels to be expected at frequent intervals. These 
soils are especially porous and absorb a large portion of the total rainfall. This 
feature minimizes erosion except where the superficial mantle is shallow or where 
streams flow across or through the material. Because of the texture and the state 
of consolidation, artificial drainage for the purpose of lowering initially high 
water levels is not often necessary. However, owing to the accumulation of moisture 
under pavements, as well as the need for sizeable surface drains to convey torren- 
tial run-off from summer thunder showers, drainage is often a major factor in air- 
port design. Because of the prevailing level topography, earth work is not a 
problem except in rare situations. It follows that uniformity of subgrade support 
may be expected generally. The entire region is susceptible to wind erosion and 
because of the semi-arid climate, vegetative coverage is sometimes difficult to 
establish. Pavement pumping is not a serious problem. The high alkali content 
may be a problem, particularly in Texas and New Mexico. 

Filled Valleys 

Throughout all of the states west of the Great Plains erosional processes 
have been and are at work wearing down the mountains and filling the adjacent 
valleys. In some instances this valley fill has been carried hundreds of miles 
from its source in the mountains and deposited along the wide valleys of present 
streams, such as the Arkansas River through eastern Colorado and Kansas. There 
the distinction between filled valley soil and recent alluvium is often obsecure. 
The process by which these mountains are becoming both reduced and buried under 
the debris from their own slopes is an interesting one. Probably more than ten 
percent of the total potentially usable land area in the United States is comprised 
of materials derived in this manner, some of them being old and at least partially 
consolidated. Because the topography of filled valleys is generally level, the 
soils prevailing in these intermontane areas are significant to the location of 
airports and highways, in locations where flooding from present streams does not 
occur. 
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Valley Fill - Unconsolidated. Unconsolidated valley-fill materials are 
found widesoread in Nevada and Utah as well as in southern California, southern 
Arizona and-southwestern New Mexico. These same materials are indicated (plate 1) 
in the Great Valley of California, and in sections of the Willamette Valley in 
Oregon, as well as in the interior of Oregon, in long, narrow valleys of Idaho and 
western Montana, some areas in southern Wyoming, South Dakota (fig. 54) and southern 
Colorado, and finally in the Great Bend, south of the Arkansas River in central 
Kansas. In the Basin and Range province many of the streams flowing from the moun- 
tains onto and across the valleys have no outlet to the sea (192). Geologically, 
this condition has existed during long intervals and inland lakes such as Great 
Salt Lake have been developed. Old lakes Bonneville (191) and Lahonton (195) to- 
gether with literally dozens of small lakes occurred throughout the Basin and Range 
province, particularly in Nevada, southern California, Arizona, and New Mexico. 
Both Bonneville and Lahonton at one time had outlets several hundred feet above 
the present level of the water in Great Salt Lake. During this time interval in 
geologic history, inflowing streams deposited coarse materials near the perimeter 
of the then existent lake level, remnants of which remain now as beaches and terraces 
(fig. 55). The finer sediments were carried into the lake proper and were slowly 
deposited as silts, clays and colloidal materials. As these lakes receded, more 
and more of the lake beds became exposed until at the present time lacustrine 
sediments exist as surface materials in two very extensive deposits and in numerous 
small ones. Topographically these areas provide good locations for airports; 
however, the poor character of the soil often outweighs the topographic advantage. 
On the other hand, where airports must be located on these flat lacustrine soils, 
the beaches and terraces, are sometimes conveniently located for obtaining suit- 
able granular materials to imporve the otherwise poor subgrade soils. 

Fig. 54. Gravels such as those shown in 
this location in South Dakota are abun- 
dant in local outwash areas and stream 
valleys throughout the Great Plains. 

Fig. 55. Terraces such as those faintly 
discernible on the mountainous side and 
shown by arrows are remnants of valley 
fill in the basins of Tertiary lakes 
formed when the lakes were at their 
highest stages. This situation in Utah 
is one associated with extinct Lake 
Bonneville and the present Great Salt 
Lake. 

Throughout this vast region, rapidly flowing streams from the adjacent 
mountains carry immense quantities of broken rock fragments, boulders, sands, silts, 
and clays. As these rivers emerge from the mountains onto the flatter valley 
slopes they lose their coarse sediments and carry the finer ones out into the valley 
proper. This process has been going on through the ages and alluvial fans, consisting 
primarily of granular materials, are to be found throughout the region, often extend- 
ing many miles from the mountain proper. As these fans build up, the stream beds 



become higher and higher, and the granular texture of the resulting deposits is 
conducive to high water losses through the bed of the stream. This is, of course, 
an important matter in considering the ground-water resources of this otherwise 
arid or semi-arid region. Evaporation and the use of these waters for irrigation 
almost consume most of the water of these streams so that only the flood waters 
generally reach the sea. The result of all these processes is the deposition, within 
this vast network of valleys, of hundreds or even thousands of feet of sands, silts, 
clays, and gravels. 

Tne valley-fill soils indicated as unconsolidated on plate 1 include 
materials of these various deposits. Texturally, they vary through a wide range, 
from colloidal lacustrine materials to boulders and a variety in texture may be 
encountered frequently in relatively short distances. 

Land forms in the valleys of these desert regions are of sufficient 
importance to be described briefly. Adjacent to the outflowing streams, alluvial 
fans are distinct and easily recognized, while at their extremity this detritus 
blends and is hardly distinguishable as fan material. In these inter-mountain 
valleys, fans occasionally slope gradually from the base of the mountain until they 
intersect an alluvial fan derived from the mountains on the other side of the basin. 

It is to be remembered that in these desert regions the rare rains are 
often violent and large quantities of water concentrate in the washes in a relatively 
short period of time (230). The interval between such storms may be weeks, months, 
or even years. The waters draining into the washes eventually reach a basin with- 
out an outlet, thus producing a temporary lake. In some cases where rainfall is 
sufficient, perennial lakes may be formed, such as F'yramid, Winnemucca, and Great 
Salt Lake (54). Others which occasionally become dry include Honey, North Carson, 
and Sevier. Most of these numerous undrained basins gradually lose their waters 
by percolation and evaporation, forming what is known as "playas"; these are 
exceptionally flat and, as a result, a small amount of water will cover a large 
area to a shallow depth. Since the inflowing waters carry much material in sus- 
pension, aggradation occurs. However, these playas may be dry for long periods 
and since they are practically barren of vegetation, 
may occur (fig. 56). 

degradation by wind action 
As a result, the finer material may be blown entirely away, 

while the sands may be collected to form dunes (189); the remaining coarse material 
forms "desert pavement." Dunes of considerable extent are found north of Winnemucca, 
south of the Carson desert, w=ithin the Salton Basin and in numerous other localities. 
Typical of the streams which emerge from the mountains and later become lost in the 
desert are the Quinn, Humboldt, Carson, Walker, Bear, Weber, and Sevier rivers. 

Fig. 56. The valleys in the western states are often 
swept by high winds so that wind erosion and the form- 
ation of sand dunes are commonly associated with valley 
fill materials. 



The Mohave Desert (265) I" southern Callfornla and the Glla Desert (222, 
224, 229) I" southwestern Arizona (sanetlmes consIdered as a" extens1o" of the 
Mexican Sonoran Desert) have typlcal basin and range topography, the chief dlff- 
erence being the greater area of valley-fill materials and the smaller number 
of mountal" ranges oi- Indlvldual peaks, I" addltlon, some of these basins ox- bolsons 
have drainage outlets to the sea The Mohave Desert consists of a series of undrained 
basins, the centers of which become what are known as soda lakes, borax lakes, and 
alkali marshes (248) The Mlohave Faver 1s the prlnclpal stream of thu basin but 
Its waters "ever reach the sea In contrast, the Glla Desert south and east of the 
Mohave has a" outlet to the sea byway of the Glla River Other important streams 
Include the Salt, Colorado, Verde, and Wllllams rivers The Salto" Sea (247), which 
1s below sea level, together rath other se&Ions of the Imperial Valley, probably 
at one tme received the flow of the Colorado River. 

Valley-f111 materuls pedormnate I" sections of southern New Mexico and 
western Texas withu "umei-0"s basins Important among these 1s the Tularosa (562) 
nhich 1s a desert plan more than a hundred miles long. Rthm this basin there 
IS a large alkali marsh uhere winds have continually swept the surface clean of 
fine material result1"g in the formatlo" of extensive areas of dunes. Some of these 
sands are derived from gypsum, probably from the Perrma" rocks in the mcimty. 
Sukholes occur 1" some se&Ions, being of both ,qps"m and lunestone orl@" 
(The northern part of the Tularosa Basin contans rocks of the Santa Fe formation - 
a more consolidated material than that being discussed.) Similar to the Tularosa 
Basin are the Huece (undrained), the Jor"ada de1 Muerto (559) and the Estancla 
Valley (561), topographically, all three are large long troughs. The Plains of 
St. Augustr,e I" west-central New Mexico 1s essentially another bolson and one of 
the more northerly sections of valley-fill materials in this region 

The fig Bend lowland lying largely south of the Arkansas Fllver I" central 
Kansas, has been included mth the grouping of unconsolidated valley fill sol13 and 
1s the easternmost extensxr, of these materx.ls shuw" on plate 1. The surface soils 
of this locality are probably of allumal ori@" (52). 

Located 1" southern Colorado and etiendlng southward Into northern New 
Mexico IS the San Luis Valley (287) which contains extensive deposits of valley- 
fill 3011s. Essentially, this 1s a structural basin, probably having been dammed 
mth basalt that was later breached by the RIO Grande River "on draining the basin. 
This is a high flat Inter-mountal" ai-ea, which for practical purposes, may be 
considered as a filled valley, since alluvial fans, outwash materials, and lacustrine 
sedunents are found 1" deep and extensive beds. Strata of gravel absorb most of the 
lnflomng waters from the adJace"t mountal" sides and It 1s reported that the RIO 
Grande loses much of Its maters whhlle cross="&! the valley because of the porous 
nature of the underlying materials (19, p 131) The valley IS swept by high l~lnds 
and sand dunes are found extensively on the eastern side. 

Among the northern Rocky Mountal" I" Idaho and western Montana there are 
twenty or more long, "arrow fllled valleys, several of whxh contan sedunents 
deposlted during Tertiary time I" ma"y of these valleys glacial deposits 1" the 
form of valley tra1n5, outwashes and terraces are deposlted over the Tertiary 
sediments. Tnese valleys contan the major streams of this mou"tax,ous area and 
they, 1" turn, are constantly deposltlng materials on their flood plau~s I" the 
past, these same streams have 1" some Instances cut terraces through the Tertiary 
sediments, three having been found I" a number of valleys (19, p 219) I" addltlon, 
during the advance of the great ice sheet, several of the valleys were dammea aad 
extensive lacustrlne deposits were formed This system of "arrow, deeply fllled 
valleys 1s lndlcated on plate 1 as unconsolidated valley-f111 materx.1 

East of the coast ranges there 1s a chain of lnterrmttent valleys extending 
from south of Puget Sound to southern California. For the most part, this system 
of valleys is fllled with water-?eposited sediments, of which the surface souls, at 
least, are unconsolidated. The Puget trough has been only partially glaciated Its 
Surface materials consist of deposits of sands and gravels, and I" some places, 



glacial drift. Part of the Cowlitz Valley and a large section of the Columbia 
River Valley and the Willamette Valley in Oregon are composed of unconsolidated 
valley fill including important gravel terraces. The populous Willamette Valley 
is drained by the Willsmette River, a somewhat sluggish stream. The outer slopes 
of the valley contain alluvial fans and terrace remnants. The valley proper con- 
tains a portion of the Columbia River basalt and much of the valley fill contains 
volcanic ash, cinders, and lava fragments, as well as some residual soils derived 
from these materials. 

Fig. 57. Unconsolidated materials deposited in a 
long narrow valley and now exposed by a deep high- 
way cut. 

The Great Valley of California, often referred to as the "Central Valley", 
is some 400 miles long and 50 miles wide and occupies a large portion of central 
California. A large part of the inner valley is extremely flat, with slopes 
increasing to steep gradients only near the mountains. Sediment-laden streams 
originate in the adjacent mountains, cross the steep valley slopes, and add alluvium 
to the accumulation of materials within the valley. The valley is sub divided into 
the Sacramento, San Joaquin (260), and Tulare Basins. The surface materials are 
largely silts, clays, sands, and gravels, coarser materials predominating along 
the outer valley slopes. The depth of filling amounts to hundreds of feet and it 
may be that some of the deeper strata are of Tertiary age. 

The Central Valley is highly important agriculturally and, as a result, 
excellent soil reports are available. The valley-fill materials are included in 
a variety of soil series (4f+), such as the Fresno, Gila (both alluvial materials), 
Imperial, Placienta, Sacramento, San Joaquin, and Stockton. The residual materials 
along the outer valley slopes are denoted as Altamont Aiken, Sierra, and others. 
In the Willamette Valley the soils are indicated (6273 generally as Willamette for 
the valley fill, Amity for the recent alluvium, and Aiken and Melbourne for the 
residual. The glacial materials in the Puget Sound area are mapped pedologically 
as Everett. The unconsolidated materials bordering the Pacific Ocean are also 
indicated as Willamette, Dublin, or as sand. 

Coastal Plain materials in this region are found to a limited extent along 
the extreme western coast; large river delta areas, such as that on which Los 
Angeles is located, are sometimes considered as Coastal Plain. These materials 
on the west coast are indicated in plate 1 as sands or as unconsolidated valley-fill 
materials, as their relationship to Coastal Plain soils and to valley-fill is about 
equal. 



Valley Fill - Consolidated in Places. In certain sections of the Columbia 
Plateau in Oregon and Washington and in a few isolated localities in the Basin and 
Range province of Nevada and Utah, as well as in some adjacent areas of California 
there are valley-fill materials which are ccnsolidated in places. The largest 
single area is found along both sides of the Snake River in southwestern Idaho and 
eastern Oregon. Small deposits are found in the Klamath Falls region of southern 
Oregon and northern California as well as along the Yakima River valley in central 
and southern mrashington. The largest deposit in the Basin and Range province 
occurs north and west of the Colorado River in the extreme southeastern portion of 
Nevada and in small adjacent sections of southwestern Utah and northwestern 
Arizona. 

Fig. 58. Although the filled valley in the fore- 
ground is of limited extent, the materials deposited 
through the erosion of the adjacent mountains are of 
great depth. 

Geologically, these sediments are described under numerous formations 
and series (50), including Rosamond series, Esmeralda, Mascall, Payette, Latah, 
Ellensburg, Guye, and-other formations. During intermittent lava flows there 
were irregularities left in the surface and in them, drainage channels or fresh- 
water lakes were formed. These lakes were of considerable extent and were 
probably much larger than the present-day exposed sediments indicate. Because of 
the interrupted flows, lava deposits are frequently found interbedded with lacus- 
trine and alluvium as well as with volcanic ash and other materials. Beds of 
diatomite of appreciable thickness are found interbedded with such materials; on 
occasion, as at Klamath Falls and other sections in Oregon, Washington, and 
California, they occur on the surface. Since the time that these materials were 
deposited, many of the underlying rocks have become warped and folded resulting 
in somewhat rough topography. Streams crossing these areas have developed terraces 
of considerable extent. Fenneman (19, p. 246) states, "the Snake and its larger 
tributaries, Boise, Payette, and Cwyhee have terraced valleys several hundred and 
and locally 500 to 1000 ft. deep and varying in width from one to ten miles." 
Many of the lacustrine deposits in central Oregon are folded and eroded to the 
extent that they are indicated on plate 1 as non-soil areas. In contrast, in the 
Klamath Falls region there is, at the present time, a fresh-water lake. 



Fig. 59. Granular valley fill not far removed from the 
source and deposited in the form of an alluvial fan. 

Exposed surface materials of these lake and river deposited sediments 
consist of clays, sands, gravels, (fig. 59), and weakly cemented sandstones and 
shales in places. Interbedded with these materials there are diatomaceous sedi- 
ments (626), voicanic ash, and even lava flows. From this description, it can be 
seen that the texture of the surface materials necessarily vary through a wide 
range. Topographically, the area is largely level but on river terraces and in 
uplift regions dissection has resulted in rough topography. For the most part, 
these sediments are well drained with the exception of local exposures of lacus- 
trine clays. The large stream terraces and adjacent uplands are and will continue 
to be used for the location of airports. These valley-fill sediments occurring 
as terraces and upland materials along the Yakima River in Washington are similar 
in texture to those materials along the Snake River in Idaho and Oregon. However, 
wide expanses of alluvium are to be found in the Yakima Valley, which is one of 
the important fruit raising districts of the world. This alluvium, derived 
primarily from the adjacent lacustrine and river-laid sediments, contains a high 
percentage of volcanic ash. In contrast, the hundreds of square miles of sands 
and gravels, principally on the eastern side of the Columbia River in central 
Washington and east of the Yakima district, are probably outwash materials of 
glacial origin, overlain in places by a thin mantle of wind-blown silt. Pumice 
deposits, occurring as one large desert plain, are found in parts of the Deschutes 
and K&math river basins in west-central Oregon (620) (624). 

Valley Fill - Semi-Consolidated. Associated with the lacustrine and stream- 
laid materials in Washington, Oregon, California, and adjacent sections of Nevada 
and Utah are a variety of semi-consolidated sediments, which, compared with material 
here classified as "Valley Fill - Consolidated in Places",. contain fewer clays 
and more gravels and conglomerates, as well as weakly consolidated sandstones and 
shales. These materials are found principally along the Deschutes River in Oregon, 
in a fairly large region of the Basin and Range province in northern Nevada and 
Utah, along both walls of the Great Valley in California, and along the coast. 

The Oregon materials are known primarily as the Rattlesnake formation, 
while those of California have been subdivided into several groups. The Santa 
Clara formation in west.ern California has been described as "coarse'gravel, 
sand, and sandy clays" (50), while the Rattl esnake formation of Oregon consists 
mainly of gravels derived from lava. These sediments are largely fresh-water 
deposits and, like many of the valley-fill materials, vary considerably in 
texture from place to place. 



Recent Alluvium 

In the early history of the country the major stream valleys were dotted 
with small settlements, since river transportation was one of the most desirable 
means then available. As the population increased and these settlements became 
large towns and cities, water from the river became increasingly important. Arteries 
of communication to serve these centers of population have been and are continuing 
to be developed along the rivers in the immediate valley or along the adjacent up- 
lands. This has been true in connection with many of the major highways and rail- 
roads, and may be expected to follow to some extent in connection tith airport 
development. Therefore, recent alluvial deposits and associated terraces, older 
in age and higher in topographic position, have become important as potential 
locations for many airports. In preparing the soil map of the United States (plate 1) 
on a relatively small scale, it is difficult, if not impossible, to indicate 
boundaries showing all minor and many major recent alluvial and terrace deposits. 

Fig. 60. Broad alluvial plains in the Missouri River 
Valley at the base of a limestone escarpment. 

Major areas of recent alluvium in the United States are confined to a few 
of the large rivers that, in their lo-er reaches, have reached a mature stage and 
have formed wide valleys and flood plains that are periodically refreshed by over- 
flow. The best example of this is, of course, the lower Mississippi Valley, but 
this type of deposit is also widespread in parts of the tributary valleys of the 
Ohio, Missouri, (fig. 60) and the Red, as well as the Columbia rivers. The origin 
of these materials is found in the watersheds that draw from inumerable varieties 
of soil material. In no one case is an area that is large enough to be considered 
major alluvium drawn entirely from any one parent material. The development of 
residual soils from the great variety of rocks present in this country as well as 
erosion of transported deposits of glacial drift, wind-blown sands, and silts, 
contribute to the mineralogical composition of the soils. 

Almost without exception the relief that is typical of alluvium may be 
described as flat or gently undulating. Scars that are cut by the currents of 
the flood waters create long depressions or channels and build up corresponding 
low ridges that offer the only break in relief in these areas. mere the flood 
plains are exceptionally wide, the flood waters that cover them periodically seldom 
create current scars except near the channel bank. In these areas, typified by 
the delta country in Mississippi and Arkansas, the land is monotonously flat. 

In a few instances the river has cut down sufficiently to have established 
a high erosion potential. This condition has resulted in dissection of the now 
elevated alluvial deposits. Relief in these areas is characterized by flat topped 
ridges that mark the surface of the old flood plain. Whether the intervening 
valleys in dissected terraces are wide and sloping or narrow and rough depends 



to a large extent on the texture of the alluvium 

In conslderlng the sol1 problems that are associated mth these alluvial 
deposits, It 1s necessary, first, to refer to the two chief varmbles that control 
the texture of the sol1 at any one pomt The fxst varmble 1s the character of 
the upland ~011s of the water shed from which the stream draws its sedments 
Obvmusly, I" a stream dramng Its sedments from a" area that 1s composed chiefly 
of fine textured soxls, the alluvlm ml1 consmt almost entirely of slit and clay 
s=zes, provLded the stream gradlent 1s not too great for deposltlor to occur On 
the other hand, 1f the stream drams a" area that 1s predommantly granular, there 
ml1 be a" absence of fine-textured material I" the lowlands and terraces constructed 
by the river These contrasting condltlons are well Illustrated by two rivers, 
the Walnut and the Arkansas, that are located mthln a few miles of each other in 
southcentral Kansas The former, dranlng a lmestone area, has a large percentage 
of silty clay alluvium fille much of the sealment of the Arkansas 1s derived from 
the Great Plans outwash mantle producing sandy alluvium I" a comparable locatlo" 
Therefore, the ~011s of a watershed have a" important influence on the englneermg 
problems that are associated mth the flood plans that ray be many miles removed 
from the headwaters 

The second and perhaps the prlnclpal conslderatlon I" alluv~l deposits 
1s that of the character of the stream I" the lmmedlate vvzn1t.y Throughout the 
thalweg of a long stream such as the Miss~sslpp~ River, the texture of the suspended 
materlal, and thus of the alluvxum ml1 vary from the headwaters, where the gradlent 
1s relatively steep, to the delta where the velocity of the stream 1s reduced 
Incomplete test data show that there 1s a gradual and rather uniform decrease I" 
the partxle size qf the sediments that are deposIted I" comparable posItIons from 
the Pilsconsln area of the M~slsslppl Valley dawn to the lower reaches 1" Louisiana 
The percentage of gravel drops off rapidly from the head of the stream as does the 
velocity of the current, but moving dwnstream, the textural trend 1s from the fine 
gravels through coarse and fine sands Into slits I" the Illlno~ and Iowa areas 
Below the mouth of the Ohlo River, the textures are predormnantly slits and silty 
clays while silty clays ana clays are found almost entirely I" the southern states 
Llkemse, the texture of the glac1a.l terraces along the Wabash River vai-les from 
coarse I" northeastern Inaana to fine gravel at Its junctvx mth the ohlo R-Lver 

There are two other dxtx,ct but rather uniform texture patterns associated 
mth recent alluvium, for at any one point I" the stream there 1s a general symmetry 
that centers about the mal" channel Thx symmetry extends from the natural levee, 
whxh 1s built up of the coarsest material m the rapidly moving stream, to the 
valley walls and the other more remote reaches where the finest partxles are 
deposIted by the more quxscent waters To illustrate this, a cross sectlon of the 
Mississippi Valley I" Wisconsin may show fine gravel and coarse sand deposIted as 
a natural levee mth chiefly fine sands and slits 1" the lower areas more removed 
from the ma=" channel hkexase, a sectlo" across the valley I" the Ill~-,o~s-Iowa 
area would reveal medium sands 1" the natural levee, a predomxxmce of silty soils 
I" the broad flat areas adJace"t to the valley wall, and small local deposits of 
silty clays and clays 1" isolated areas In the lower valley the natural levee 
consxts of sand textures while the area Immediately behlnd the levees 1s chxfly 
silty clays and clays 

The gradlent influences this trend Although the natural levee nearly 
always contans the coarsest material, sol1 textures I" the slack-water areas are 
more erratx because of local influences, (fq 61) As I" the upper Ohlo, It will 
be found that the younger the valley the more "arrow ml1 be the terraces and the 
greater ml1 be the local var1atlons In more mature sections of the valley (Owens- 
bore, Kentucky) the texture 1s more uniform and the varlatlons less pronounced 

In conslderr,g the profIle I" depth at any one pant I" a" area of alluvium,, 
It 1s apparent that the stream at this pant once possessed the characteristics of 
a youthful stream that had a higher velocity. As the stream approaches maturity, 
the velocity of the channel currents drops and the texture of the sedvnents becomes 



correspondingly fine. Therefore, in examining this profile, it is reasonable to 
expect that the surface textures will be the finest (in general) since they represent 
the deposits of the slowest currents of the stream, and as samples are taken in this 
profile at greater depth the texture can be expected to become increasingly coarse. 
This is well illustrated on the Missouri near Ft. Peck where clay and silty clay 
overlie fine sand at 160 inches, and on the Platte in Nebraska where fine sand and 
silt are underlain by sand and gravel at 42 inches (198). This general rule applies 
to all points in the stream but its significance varies, because in the section of 
the stream that is youthful, layers of any one particular texture will be rather 
thin whereas in the more mature section of the stream, the layers will be much better 
developed, deeper and more significant. It must be remembered also that this 
characteristic of deposition is influenced by local currents and that it represents 
a trend rather than a detailed and uniform progression of texture downward. 

The contributions of local tributaries to the texture of alluvium are 
quite important since they may change the character of the alluvial soil drastically. 
In many local situations tributaries flowing into the main stream deposit coarse 
textured materials immediately below the mouth. In parts of Kentucky, Tennessee, 
Mississippi, and Louisiana, where the streams drain areas of wind-blom silt, there 
will be found local surface deposits of silt, as at the mouth of the BFg Black 
River of Mississippi, that present a strong contrast tiith silty clay and clay 
textures of the large areas of the flood plains. Hence, it is necessary to examine 
the local conditions before applying any general laws of deposition. 

Fig. 61. Youthful stream valley in Idaho, actually 
shown on Plate 1 as a non-soil area. Here the amount 
of alluvium is limited by the narrowness of the valley 
and the velocity of the stream. 

. 
The conditions that develop these deposits generally cause them to be 

refreshed at frequent intervals by flood waters. This progressive building up 
of the deposits largely inhibits any tendency for the soil to develop a weathered 
profile such as is found in the upland soils. In addition, the relief in these 
areas is of such nature that most of the engineering construction in highway and 
airport work does not involve cuts of any appreciable depth. 

Where the flood plains and streams are sufficiently large to have been 
indicated on the map the texture will be predominantly that of fine sand, silts, 
and clays. Since the valleys containing coarse materials are so narrow these will 
not appear on the map at the scale used. Between these extremes the texture of 
alluvium in general may vary from coarse gravels to the finest clays. The 
textural variation within a single construction project might be influenced entirely 
by the position of the project in the valley, depending upon the extent of the 
project and width of the valley. Aerial photographs provide details on the texture 



of the surface deposits and indicate much more with respect to possible subsurface 
conditions. Whether granular material is available as a subsurface deposit depends 
largely upon the history of the river and the character of the formations upstream. 

Fig. 62. Gravel in a terrace in South Dakota consisting 
of materials deposited by the melt waters during glacial 
times. 

Streams draining glaciated regions are almost invariably endowed with 
elevated and sometimes spacious terraces composed of sands and gravels deposited 
during glacial times by the melt water then carving the valley (fig. 62). Bide- 
spread examples of these terraces are found along the Missouri River (20, p. 564), 
upper MijsissipLi and Minnesota Rivers (462, pp. 87-88), the Wabash and Miami 
Rivers [150), the Mohawk River (517), and the Connecticut River (289) (450). . 
Several of the larger rivers in these regions follow, in part pre-glacial channels 
and even though the present volume of water is very small in comparison to that 
which must have flowed during and immediately following glaciation, these streams 
are degrading and cleaning out their old valleys (47). 

Streams drawing from bedrock areas may or may not have gravel associated 
witi~ them depending upon the character of the rock and the gradient of the stream. 
Gravels are seldom associated with streams in limestone areas unless the limestone 
contains high percentages of chert fragments, and then these gravels are not suit- 
&le for use except as road metal and for filling. However, in the long plains 
streams of the west and southwest, which cut across numerous grandular formations 
in their upper reaches, extensive alluvial gravel deposits are often found in the 
heart of completely non-granular soil areas and limestone regions. At the border 
of sandstone ridges or other areas of resistant rock the streams may often change 
their gradient abruptly and deposit granular materials at these points. In the, 
alluvial soils of the Coastal Plain areas where the gradients are low and the 
general textures fine, ranging from sand to clay, the most granular materials are 
found either at the junction of present streams or on elevated terraces that are 
actually remnants of old streams, now long abandoned. A discussion of streams 
in arid and semi-arid regions is given in that section of this chapter entitled 
l'Soils of the Filled Valleys and Great Plains Outwash Mantle." 

The engineering soil problems associated with these deposits are as 
variable as the textures and ground-water conditions. However, seldom is it 
necessary to plac? subgrades in cuts of any appreciable depth. Fills are commonly 
constructed in those areas to insure a protection against flood waters and the 
choice of local material for fill construction is not always satisfactory. An 
examination of aerial photographs aids in the selection of the most satisfactory 
sites from the standpoint of drainage and texture and also the location of borrow 



materials , just as topographic, geologic, and soil maps serve as aids for this 
purpose. 

Fig. 63. AI-I alluvial fan and terraces at the foot of 
a mountain range in the Great Basin of Utah. 



CHAPTER VII 

NON-SOIL AREAS 

It has been dearable to map numerous sectmns of the UnIted States as 
non-sol1 ai-eas for It 1s of equal mportance to knou that there 1s little or no 
sol1 mantle as to know the type of sol1 in other area ThlS 1s especmuy true 
1" this field since the absence of so11 has a direct assoclatlon mth constructlo" 
methods, equqment, and costs This groupmg for classlflcatlons 1s not confIned 
in Its applxatmn to mountaumus or other rough terra", but mcludes scablands 
where the surface may be level to gently slopmg, yet the sol1 cover may be very 
shallow, sometmes mterrmttent I" occurrence, and often amorphous 1" derlvatm", 
or even non-exmtent Llkemse, those locations where stream erosion has produced 
canyons in harder materials (fig 65), and badlands 1" soft shales, are considered 
as "on-sol1 areas m this englneerlng classlflcatlon of ~011s. The materials thus 
exposed, although not ~011s I" the sense of developed proflles, are nevertheless 
phyacal equivalents I" problems of design and conqtructmn Actually, mthm many 
of the large sections desl@ated on plate 1 as "on-soil areas there are valleys, 
mountam parks, and other land forms of sufflclent extent and mth ~011s of depths 
great enough to be of consequence to au-port development, but because of theu- 
llmted extent and the scale of plate 1, these areas cannot be shorn on that map. 

Throughout the eastern part of the country non-sol1 area8 are largely 
Incidental, there bang few outstandmg mountal" ranges tishlch are comparable to 
those of the West, canyon topography 1s sm~larly localmed, scablands are very 
sparsely dmtrlbuted, and badlands do not exxt 

With only two outstanding exceptions, mountains are ln the form of long 
and relatively narrmi chams From south to north these are prmar~ly the momta~ns 
of the Unaka and Blue Fad@ groups, stretchmg from northern Georgu to southern 
Pennsylvania; the Tacon~c Mountams I" southern Nm York and the western New England 
States, the Green Mountains in Vermont, and the 1Ahlte and assocmted mountains of 
Neu Hampshire and Mane The outstandmg exceptions in this arrangement are the 
Aduondacks and Catskills, both 1" the state of Nem York Most of these protrudmg 
land forms owe their exxtence to outcrops of very old and resmtant igneous and 
metamorphic rocks, such as the lower Cambrmn qnartzltes of the Blue Fadge and the 
Pr-Cambrian gramtes, schmts, and gnelsses of the Adrondacks The greatest 
divergence from thx form IS the case of the Catskills, whxh are composed of 
sedmentary rocks of Devoman age that have not been affected by localized upllfts, 
but rather seem "to be due to the s~pper=or resmtance of the rocks of whxh they 
are composed" (525, p ll), these rocks bang sunlar I" age to those that all but 
surround this group of mountams 

Younta~ns other than those Just mentioned prevail mthu and along the west 
edge of the Ridge and Valley prov="ce (19) Although some of these are formed by 
folded rocks anclent I" a-=~", age 1s not of prmary consequence in that a varxty 
of geologIca permds are represented I" the antlclu,al and monccluml ridges, such 
as the Cumberland Momtams m Kentme and Tennessee, Kittatrmy Mountam 1" New 
Jersey, and numerous mnoi- ridges scattered throughout the Provmce. 

A large portmn of the canyon to ography 1s associated with the Allegheny 
Plateau (both glacuted and non-glaciated 1" situations mhere the mayor streams P 
have cut seep channels and attendant large-scale erm~o" has exposed the rocks 1" 
escarpnents and steep valley walls. Actually, many locations of thm type have 
not been mapped as non-sol1 areas on plate 1 because the exposures are I" narrow 
bands mmedx,tely adJacent to the rivers Typxal sltuatlons 1" this category are 
those of the Genessee Paver I" New York, the Kanawha and the Upper Ohlo Rivers in 
and bordermg West Vlrgum., and the Cmberland River in southeastern Kentucky 
Large sections XJ eastern West Vlrgmm and northern Alabama and southern Tennessee 
represent slrmlar conditions, these bang highly dIssected plateau regions There 
the total area of rock outcrops and rough topography 1s probably equal to 07 III 
excess of that of. locations conducive to slgnlfxant ~011 developrent Co"altlo"s 



of this type are necessarily somewhat localized (fig. 64) se that each instance is 
a case for individual analysis that can be made by study of the literature dealing 
mith restricted areas and by inspection of aerial photographs. 

Fig. 64. The conditions manifested by this highway cut 
and the distant topography in West Virginia represent 
localized situations which in fact are non-soil areas 
although not mapped as such in plate 1. 

Usually placed in the category of scablands are the partially exposed 
bedrocks near Miami, Florida (299), the numerous bare outcrops in the Nashville 
Basin in Tennessee, and exposures in the northern parts of Michigan and Minnesota. 
Some of the situations in the two latter states are actually rough enough to 
exceed the conditions normally associated with scablands, examples of those being 
the Huron Mountains, the Copper Range in the Keweenaw Peninsula, and the Mesabi and 
Shore Ranges in Minnesota. However, much of the area near the boundary between 
Canada and Minnesota is nearly level but practically barren, the Pre-Cambrian rocks 
there having been exposed by the scouring action of the glaciers. Excellent 
illustrations of this are the aerial photographs of St. Louis County, Minnesota. 

West of the Mississippi River and east of the Great Plains, the outstanding 
non-soil areas are those of eastern Oklahoma and western Arkansas in association 
with the Ouachita and Boston Mountains. Although not implied on the map, numerous 
other rock outcrops occur in the Ozark Plateau in and about the St. Francois Moun- 
tains, and near the Osage, Gasconade, and White Rivers and their tributaries. 
Similarly, in the Arbuckle Mountains of southern Oklahoma (244) and a comparable 
area in central Texas, rock outcrops are abundant to the extent that the soil mantle, 
where it exists at all, is shallow and often has little effect on engineering con- 
siderations, although there again, there are within those expanses many soil areas 
of a mile or two in extent which are suitable for airports. On plate 1 portions 
of these areas are indicated as residual soils derived from metamorphic and 
intrusive rocks. 

In all of the states west of the Great Plains there are mountain ranges, 
mountainous outliers, and many individual peaks surrounded by filled valleys, most 
of which are included in plate 1 as non-soil areas. Even within the Great Plains 
there are a number of outliers such as the Black Hills of South Dakota and Wyoming. 
This is a region where uplift of considerable magnitude occurred in recent geologic 
time; as a result there are exposed schists and quartzites, including Pre-Cambrian 
granites. Numerous young intrusive rocks are also to be found. As this region was 
elevated, the originally horizontal sedimentary rocks became tilted and those in 
the center of the uplift were eventually eroded away. The tilted strata surrounding 
the center of uplift produced rough uneven topography, and these rocks are still 
going through erosional processes. This general description of the Black Hills is 



at least 1" part tnplcal of other smular but smaller upllfts, particularly 1" 
Montana. Chief among these are the Sweet Grass Hills and the Bearpan, Little Rocky, 
Highwood, and Judith Mountains. The core materu.1 I" most of these upllfts consxts 
of Tertxry lntruslve and extrusive rocks 

Many of the land masses of western Montana, Idaho, and large portlons of 
Wyormng, Colorado and ~oz,e sectlons of New Yexlco are mapped as non-soil areas 
Typical of these are the Big Horn Mountains of Wyoming and southern Montana, the 
Snowy Range north of Yellowstone NatIonal Park, the Wind FLvei- Range I" central- 
western Wyyormng, the Iaramle Range I" southeastern Wyormng and the Front Range, 
Medlclne Buw Yountalns, and Park Range extending northward from Colorado Into 
so$her" Wyormng Although mapped as non-sol1 areas, these contam numerous 
"parks" that have well-developed so115 occuri-lng on rolling topography The u1nta 
Mountains of northeastern Utah and northxrester" Colorado lrhlch comprise the largest 
east-west range I" the Unlted States, canslst of a tremendnously large upllft, the 
core rock being prlmarlly of Re-CambrIan metamorphic materials Although the 
exceptIonally large mountain redo" of Idaho and western Montana does not co&al" 
peaks rahlch compare 1" elevation mth other high mountains I" the west, such as in 
Colorado, thu vast area 1s one of the roughest re~ons 1" the country. Its only 
relatively level portions are the Tertiary lake deposits and other fllled-valley 
materLa1s The rock materials I" the mountains are almost entirely igneous and 
metamorphic rocks and contaln very little sol1 coverIng 

Separating the lowlands of the Puget Trough, Willamette Valley and Great 
Valley from the Columbia Plateau and Basin and Fiange province are the Sierra NeMda 
and Cascade Mountarm l-he rocks of the Sierra Nevada Range are predormnantly 
granite while those of the mountans to the north extending Into Washlngtan are, 
for the most part, covered mth lavas and tuffs Scattered throughout these 
mountar, systems are gi-anltlc and volcanic peaks, whhlch rise above the general 
mountal" level Mt Rainier IS B" example of the latter The basaltic scablands 
(163) of the Columbia Plateau I" Washington are the most extensive I" the country. 

Bordering the Paclflc Ocean there IS a system of parallel ranges of 
mountans and associated valleys generally referred to as the chsu, of Coast Ranges 
The rough topography m some instances 1s caused by variable resxtance of the 
rocks, while I" other situations folding and faultlug accounts for the peaks and 
ridges The rocks are largely young (Carboniferous to Tertiary) limestones, sand- 
stones, and shales, frequently metamorphosed, although many u,truslves and some 
Cambrxm and older igneous materials are locally important 

In the Basin and Range fiovlnce of Nevada, Utah, southern California, and 
southern Ai-lzona and New Mexico the mountar, ranges or, I" some mstances, peaks, 
are largely covered mth a variety of volcanic materials, although metamorphic and 
seduaentary rocks of Jui-assx and Carbonlferous ages may be found Older materlala 
a-e represented 1" some of the mountau chains I" the southern sectlons 

Some non-sol1 ai-eas are lndlcated I" sections of the Colorado Plateaus - 
the rough topography being a result of dlssectlon as well as numerous volcanic 
foInlat1o"s Steep escarpments are typlfled I" the transltlon between the Colorado 
Plateaus and the lower-lying Ulnta Basl" just south of the Ulnta Mountains 1" "orth- 
eastern Utah and northwestern Colorado Stilarly, the escarpment nhlch dlvldes 
the Great Plans from the Coastal Plan 1" southern Texas 1s a very rongh area 

In contrast to the mountainous topography, there are llterally hundreds 
of canyons 1" the West formed by streams that have cut through both soft and hard 
rock (fig 65) Although the Grand Canyon of the Colorado IS the largest and most 
famous of these, others such as those cut by the Yellowstone or by the Arkansas 
River I" leaving the South Park I" Colorado, are "on-sol1 areas of conslderable 
magnitude 

In many Isolated areas of North and South Dakota, Montana, Wyormng, 
eastern Colorado, and eastern Nebraska a pecu1u.r type of eroslo" occws which 
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is well described by the term "badlands." The "Big Badlands" southwest of the 
Black Hills along the White River in South Dakota are probably the best known. 
The valley wall of the Little Missouri River as it flows northward from the South 
Dakota boundary through North Dakota to the Missouri River consists almost entirely 
of badlands and the same may be said of much of the Yellowstone River valley in 
southeastern Montana. Other areas of badland topography are also associated with 
the Missouri River in central Montana, and most of the streams in Montana and 
northern South Dakota below the glacial boundary are bordered at least in places 
by large or small areas of badlands. In the southern Great Plains the Canadian 
River has formed badlands by cutting through the mantle and now flows in a deep 
valley which is 10 to 20 miles in width. 

Fig. 65. A non-soil area in the canyon of the 
Little Colorado River, Arizona. 

Although not indicated on plate 1 as such, similar topographic features 
may be found in the Pine Ridge escarpment of northern Nebraska and southern South 
Dakota and in the outer rim of Goshen Hole in eastern Wyoming and western Nebraska. 

Radland topography is the result of excessive erosion of poorly consolidated 
materials in a semi-arid climate. Since the precipitation usually occurs as torren- 
tial rain for a brief period of time, this one factor alone is conducive to the 
erosion of weakly cemented shales, sandstones, and clays. In addition, the aridity 
of the climate is not conducive to the growth of sufficient vegetation to arrest 
or prevent erosion. The Fort Union, Lance, Brule, Green River, and similar rock 
formations in the Great Plains region consist of alternating strata of materials 
with varying degrees of erosional resistance, a factor which combined with climatic 
conditions, accounts for the many peculiar types of erosional features of that 
section of the country. Of practical importance in regions where badlands prevail 
is the fact that this type of erosion progresses into the uplands as a sapping 
process. This results in excessively wide valleys, 
but frequently broad and level near the river. 

deeply eroded along the sides, 
Agriculture is practiced in such 

regions, as is the case in the valley of the Little Missouri in North Dakota, and 
airports might be located in the heart of badland areas. 



CHAPIER VII.1 

THE PRINCIPALS OF AIRPHCTO INTERPRETATION 

The complete analysis of an airphoto, made for the purpose of determining 
soil conditions, is accomplished by analyzing, singly, the elements of the soil 
pattern, weighing their importance, and combining these factors to evaluate the 
soils of the area in question. To assist in this analysis, the three sections of 
the airphoto analysis chart (pocket) has been compiled. This chart presents 
separately the four most important of the several principal elements which, when 
combined, constitute a soil pattern. 

The shape of and relationship between adjacent surface features that 
are seen in an airphoto are referred to in this report as land forms. The land 
is the form and substance resulting from a process of geologic and pedologic 
development, subsequently modified by the destructive processes of weathering 
and occasionally by crustal movement. For example, the form of a volcano (fig. 66), 
is developed by the emission of materials from a vent. This process results in a 
symmetrical cone with long sweeping slopes surrounding a central crater. Thus 
the form is related to the process of development. Having recognized the form as 
volcanic, the great variety of rocks formed by other processes has been eliminated 
from consideration. The substance and, therefore, the durability of the cone may 
vary widely because of the possible variables in composition. Climatic forces which 
are the chief agents of destruction vary with location. The destruction of the 
cone by weathering is a continuing process, the severity of which is dependent 
upon the local conditions. Land form weathering is chiefly a function of the uni- 
formity and resistance of the rock material. 

Fig. 66. Weathered volcanic cones in the southwest 
suggesting the original form of the central cone and 
sweeping sideslopes - now dissected. 

To introduce the subject of land forms a volcano was used as an example, 
not because it is a predominant form but because the usual conception of a volcano 
is not only reasonably accurate but widespread. Less striking and therefore less 
familiar are the land forms presented by moraines, terraces, till plains, coastal 
plains, and the host of others later to be considered. The till plain land form 
that includes wide areas of gently undulating relief and the terrace land form that 
is characterized by level surface features occurring between two areas having 



dlfferent elevation (one higher and one lorrer than the terrace) are more important 
as widespread englneerlng conslderatlons than the volcano 

From this pomt on the exammatlon becomes mci-e detalled and becomes 
mcreasmgly so as refmement 1s desued. The trend IS also may from geologic 
factors of sol1 formation, eroslo", land use, and vegetatm" The process of 
mterpretatmn carrled to this degree can be assxmlated quxkly and requu'es 
nather a ccmprehenslve background "or vnde fxld experxence Beyond this the 
results become mere and mci-e dependent upon experience 

Thx. partul example aei-ves to illustrate the prellm~nary steps I" the 
analysu as well as to establish the inference that each land form has characterlstlcs 
that ldentlfy Its orlgl" and, I" general, the type of materul maklng up the mass 
The land form elements shown I" chart 1 ald in maklng this assoclatlo" These facts 
are of slgnlfxance since both the relief and the type of material introduce enplneer- 
Ing and i-elated problems that are associated mth the land form 

The elements that make up the sol1 pattern are vlslble surface features 
that are drectly or lndlrectly Influenced by the physxal and chermcal propertres 
or mastwe condltlons of the sol1 proflle and the underlying rock or other parent 
material These elements form patterns of theu own, among them are the land form 
(already Sustrated), surface dramage, and erosion, so11 color, whhlch are shown 
on the arphcto analysm chart, and slope, vegetation, land-use, blologxal 
evidence, rmcro-relief, and farm and hlghway practxes whhlch could not be shown on 
the chart advantageously To list these details and to crga"lze and assist I" their 
lnterpretatlon 1s the chief function of this sectlo" of the report 

As stated I" the foreword, and as repeated throughout this text, this 
method of lde"+,lfyu,g and classlfpng 5011s IS no more a mechanical process than 
any other system of sol1 1dentlf1catlon Llkemse, the aerlal photographs used as 
lllustratlons for this report present typxal sol1 patterns and, w.thln luutatlons 
of photograchx reproductlo", show the slgnlfxant varlatlons responding to cllmatlc, 
textural, or tectonic influences Thus while the lllustratlons present average 
sltuatlons and patterns, they do not Include the gamut of condltlons produced by 
nature On occas~o" It has been dearable to uxlude photographs of exceptional 
ccndltlons such as plates 29, 34, and 41, whxh emphasize features otherwue dlffl- 
cult to 111ustrate 

Land Form 

The local structure of the earth 1s perhaps the most general element of 
the 5011 patter" In slngie 07 pared pictures covering an area of several square 
miles It is often, although not always, possible to ldentlfy posltlvely the parent 
materul that controls the form of the lane !Vlth addltloral pxtures showmg a 
greater portlo" of local &?a, accurate Idenllflcat1an of the land form 1s almost 
a certainty Clearly, the greater the area avallabie for rspectlon the more evident 
becomes the land form Fatt-3" It can be sad lvlth a high degree of accuracy that 
land forms of different orlgl" ~111 rot prodxe slrmlar patterns. 

By deterrmnlng the land form the observer largely establishes the type of 
parent materul mth which he 1s to deal Reference to geologx maps ml1 often 
assist the begInner 1" this deterrmnatlcn Geology, like pedology, often requues 
some translatlo" for e"P"eer1"g use Where bedrock forms the parent material, 
geologic maps and literature should supplement experxnce I" vxuallzlng the 
general structure. Where transported surface deposits cover the bedrock, geologw 
maps may often prove msleadmg For this reason the attached map (plate 1) shomng 
deposits of the country ~lll prove valuable The aerul photographs provide most 
of the necessary details, since It 1s on them that we have the record of the 
relative weather resuxtance, depth of sol1 mantle, water condltmns, and other 
propertIes and features that are directly related to construction and lccatlcn 
problems As a rule (having the usual exceptions), I" ai-eat where bedrock influences 
the so11 lndlcatlons of the type of bedrock lmll be apparent. Llkew-xe, glacial- 



drift areas also have dlstlnctlve patterns as do aeolla" deposits of sand or slit, 
coastal plans or other water lad materv.ls 

Sedimentary rocks such as limestone, sandstone, or shale are ordinally 
formed under water I" "early level beds When these are elevated above sea level 
and remal" I" a horizontal posltlon forrmng plateaus, eros~cn i-educes them by 
dIssectIon that produces a partxular type of stream pattern leavlng flat-topped 
Islands of rock In arld countrxs these are mesas or buttes, in hurmd climates 
they are monadnocks, hanng the same Island-like shape but somewhat modlfled side 
slopes caused by the protecting influence of vegetation The shape of these 1s 
malntalned by a cap of resistant rock which protects the u"derlyr,g materials from 
erOSlO" Since sedimentary rocks are stratlfxd, and the strata vary III physical 
properties, a difference 1s reflectea =n the aeatherlng resxtance of each stratum 
Thus, I" exarmnlng such formations (plate 10) the existence of clay-shales 1s 
lndlcated by the presence of "soft" slopes occurring below the cap rock 

Where these stratIfled formations are folded, as I" the Appalachian 
Mountan system they control the stream pattern to such an extent that a rect- 
angular patter" 1s developed Branches of streams follow parallel courses I,, the 
alternate beds of soft rock oi- shale Instead of the ordinary bends expected in 
a stream the turns are often rIghtangled (fig 67 and plate 15) 

Fig. 67. This drainage pattern occurring in Roane County, 
Tennessee 1s typIca of areas of tllted sedimentary rocks 
(Traced from a sol1 map So11 Survey by M E Swan and 
others, No 15, Series 1936, May 19.42 ) 



The intensity of development of the general land form is often in pro- 
portion to the age or the progress that weathering has made. As in the case of 
limestone, scattered sinkholes indicate early stages of weathering (plate U). As 
weathering progresses the roofs of subterranean caverns collapse and leave ridges 
of limestone. Granites by reason of their mode of occurrence as mountain cores 
and similar forms readily lend themselves to identification (chart 1). 

The distinguishing land form features by which glacial drift, loess, sand, 
and other parent material areas can be identified are related either to their 
texture or to some physical features peculiar to their method of deposition. 
Texture, composition, and origin largely determine the resistance of a material to 
erosion and weathering; under similar conditions of weathering the same type of 
parent material will respond in a similar fashion to produce a characteristic land 
form. It is reasonable to assume that, regardless of geographic location the same 
type of material will produce similar soils under similar climatic conditions. 

Fig. 68. The weathering of clays produces slopes, the 
character of which are related to the cohesive proper- 
ties of the soil, and which are denoted as ltsoftN' slopes 
in this text. 

Slope 

Prevailing ground slopes may also be considered an element of the soil 
pattern. These slopes now being considered are a product of weathering and are 
classed as micro-relief rather than the higher order macro-relief that is usually 
produced by structural influences. In examining photographs the observer receives 
a general impression of the local slopes in an area. These are generally a function 
of texture with rock, granular, and semi-granular materials assuming the steepest 
slopes. Where slopes appear to be nsoft", the soil can be expected to have a 
relatively high clay content (fig. 68). The observer will find areas near small 
streams the most productive in which to examine this feature. At bends where the 
current may be attacking the bank of the stream, fresh exposures unmodified by the 
accumulation of debris at the foot are available for inspection. However, slopes 
over which runoff passes are the more reliable indicators. The difference between 
the prevailing slopes in areas of silty clay, and those in areas of less plastic 
materials can be readily detected. 

Surface Drainage 

If all or nearly all of the water from rain, melting snow, or ice infiltrates 
into the soil, no surface drainage pattern can be developed. Where a significant 
portion of this water runs off the surface, a drainage pattern is formed, and the 
amount that runs off determines the intensity of the pattern. In this sense surface 



dramage does not mean only rlvei-e and streams but the Immediate and local pattern 
caused by runoff on an xi-e, a sectlon, or a square mle of ground surface. Eaefly 
stated It is a direct function of soil permeability and ground elope, lnthln rather 
wide llrmts of slope surface drainage is a function of the permeablllty of the 
profile Porous sands absorb the rainfall and surface dralnage does not develop 
(plate 42) But most plastic clay8 and silty clays resist the penetration of mois- 
ture mhlch encourages surface runoff and the development of a drainage pattern. 

A draInage system may vary in complexity Complete absence or a simple 
extension of surface drainage from a stream Into the upland probably mdlcstes a 
pervious materu.1. A highly Integrated system mth branches reaching to all parts 
of the ares lndlcates poor Interns1 draInage (plate 38) whhlch for eneneering use 
generally means a plastic subgrade, tifflcult construction, and added need for a 
base course, and pi-"visions for draInage Obviously on the same parent material 
the velocity of surface runoff ml1 be greatest on the steepest slopes This 
relation to slope m itself creates differences I* the respective sol1 profiles 
those on the steepest slopes are shallow and weakly developed, while those on the 
flat slopes are deep and less pernous In most Casey, where there 1s no renorklng 
of the surface materuls by overflow or mnd-eroslon the surface dralnage element 
1s highly Tellable 

'F,mctl"nal texture" E Introduced m this draInage dlscusslon because 
of the apparent lnconslstency of come fine-graIned ~"11s that would normally be 
expected to produce surface drainage Aerial photographs regxter the effective 
di-alnage of the profile which in a few Instances disregards texture The lime- 
stone soils, although silty clay in texture, have a well-irained proflle, thus, 
the limestone ~"11s have a granular functional texture They are usually red in 
color and lack evidence of surface dramage, lndicatlng a porous proflle This 
condltlon of good draInage 1s not commonly related to the fine-textured ~011s that 
are high I" active clay content. The process of weathering and proflle development 
produces an "pen granular structure 1x1 which the clay particles are segregated Into 
lumps mth ample space between for percolatr,g water The porous limestone parent 
material absorbs the aster and prevents water-logging of the profile, a condltlon 
which would othemee result I" a consequent swelling and closing of the so11 
structure When compacted during construction, this structure is destroyed and the 
Immedute subgrade "i- fill reacts essentially se any other plsstlc sol1 materx,l 

Erosion 

??ros~on 19 closely related to surface di-anage Tnere are two general 
types of sol1 erosion, one 1x1 the form of gullies and the other as sheet eroe~on 
Although certain chermcal propertIes of sol1 Influence the degree of eroe~on, It 
1s controlled largely by texture and other physical propertles 

Gully ei-"elan being the most significant to enoneering works and most 
ducernlble on the axphotos, merits the prlnclpal consideration As gullies gen- 
erally cut through the profile, they often provide detail on depth and textural 
differences ?nthln the proflle. They occur on sloping ground and are frequently 
located between the shallon upland draInage-wags and the floal plans of established 
streams The cross-sectlon shape of a gully 15 largely controlled by the cohesive 
propertles of the 8011 particles Slits, sands, and sand-clays develop vertical 
sides "T U-shaped @llles This relatlonshlp does not carry over in the same degree 
to arld climates (see fig. 69) Fxsrrples of these U-shapes are found in Coastal 
Plains areas and III the Piedmont provinces Fl&ve 48 shows a ground vlen of a gully 
of this type. They are characterized by a sharp drop-off from the ground surface 
to the bottom of the gully at the headward end. They are often stubby, se ehorm 
in fig 70, extending only a short distance lnt" the upland A gully hating a very 
broad rounded shape (fig 72) lndlcates a deep, uniform proflle in a semi-plastic 
to a p1ast1c so11 V-shaped gullies as shown I" fig 73 are indlcatlve of granular 
material Where the V-gully becomes very broad and shallow (fig. 74) a silty or 
fine sandy msterlal on a claypan IS Indicated. This esme shape may occasionally be 
associated wxth a shallow so11 on bedrock but the presence or absence of rock out- 



crops in the vicinity will confirm or deny this alternate choice. The two types 
associated with clay textures, such as those in figs. 
long distances into the upland (fig. 7l). 

72 and 74, will progress for 
Gullies in silt soils have the additional 

feature of vertical fins or columns preserved by sod or brush. nCatstepsl', another 
form of erosion common in some areas, characterize loess on steep slopes. These 
contour-like shelves resulting from the slipping of the loess are clearly visible 
under magnification. Occasionally a similar form of erosion is found on steep slopes 
in residual soil areas. Plates 6, 7, and 8 show these gullies. 

Fig. 69. A typical gully type found in arid regions where 
low flows undermine dry soil banks to create steep slopes. 

Fig. 70. This line drawing shows the 
related features of a gully in semi- 
granular materials. The relatively 
short length and steep gradient toget- 
her with the cross section characteris- 
tics shown are typical of these gullies. 

Fig. 71. The long, low, uniform grad- 
ient and the smooth slopes of this gully 
are evidence of a deep profile of plastic 
finegrained soil. 

Thus, the gully is a partial key in recognizing the plastic unstable silty 
clays, the silts, or the sands; in distinguishing between well-drained and poorly- 
drained soils, and in anticipating excavation of earth or rock. Unfortunately the 
airphotos cannot always be used satisfactorily to view gully shapes since they often 
are so small as to necessitate large magnification of stereoscopic pairs which is 
very difficult. Reference to chart 1 will emphasize the fact that in several 
instances similar gullies will occur in soils not necessarily derived from the same 



type of parent material. Yet, the general shape with regard to texture is very 
consistent. 

Fig. 72. This stereopair illustrates the type of gully found in deep 
uniform deposits of plastic silty-clay soils. This gully in a lakebed 
area can be compared to that shown in Plate 43 to evaluate the extent 
of the drainage way. Low, uniform gradients; long, well-rounded side 
slopes; and extensive surface distribution are the common features 
characterizing these gullies. 

Fig. 73. Stereo-inspection of this V-shaped gully illustrates the 
slopes assumed by soils containing considerable proportions of silt 
and sand with some gravel. Small nater-worn boulders in the channel 
proper classify this as glacial material. Close inspection of the 
side slopes will show that a slight change in slope is coincident 
with the outcropping of several small boulders that have been partially 
exposed by erosion. 

Soil Color 

The color of the surface soil material is often a result of conditions that 
have controlled the soil-profile development. In black and white photography soil 
color tones are registered as varying gray values; these are evident on photographs 
giving indirect information on the texture and drainage of the profile. 



Fig. 74. A broad gully with eroded flanks and a rill 
channel is indicative of a sharp change in texture or 
cementation in adjacent horizons. 

In the matter of color tones it is pertinent to consider the variations 
in shades as they must occur under varying moisture conditions. Fortunately the 
specifications covering good aerial photography rule out photographs taken when 
there is an excessive amount of surface water. This limitation provides ample 
time for the well-drained soils to assert themselves follouing a heavy rainfall 
and before photography is undertaken. Soil moisture conditions may be far from 
a state of equilibrium when acceptable photography is obtained. Under such con- 
ditions the shades of gray may vary considerably from those existing in the same 
area at another time but the color contrast between the well-drained and poorly- 
drained soils within the area will remain and is often heightened by relatively 
high soil-moisture contents. At the other extreme, involving subnormal rainfall 
and low moisture in the top soil, it is evident that the drying out process will 
tend to lighten the over-all color tones to a certain extent. It is equally 
evident that the organic and mineral compounds that provide the basic color value 
in the soil mill not be significantly effected by seasonal droughts. 

Because of minor variations in the gray value caused by moisture fluctua- 
tions in a soil and the variable factors introduced by conditions inherent in 
photography no consideration has been given to quantitative measurement of these 
tones. 

Soil color (surface) is a function of the soil texture, reaction (acidity 
or alkalinity), and vegetative cover which is, in turn, controlled over large areas 
by the climate and in 'local situations by the immediate ground-water conditions, 
often irrespective of climate. Initially the most confusing part of photo-inter- 
pretation is that pattern created by cultivation. These patterns are regular in 
shape and are obviously a product of human effort. The soil color pattern is 
irregular and shows through most cultivated crops. Where the cover crop is dense, 
it can be traced by close examination or by interpolation from adjacent fields. 

The color elements or patterns vary from one area to another assuming 
different shades and varying in actual color (plate 39). Plate 36 is an example 
of a highly developed color pattern(in young glacial drift) reliably reflecting 
slight changes in elevation and ground-water conditions. The black areas are deep, 
wet, plastic silty clays while the slightly higher light areas have a better water 
condition, a shallow profile and a higher silt content. Red, white, and black 
are the common colors found in surface soils. In humid temperate areas, the black 
color is generally related to soils existing in low, poorly-drained situations. 



Occasionally this applies to sands, therefore, It can be seen that reliance on 
color alone 1s as erroneous as dependence on any other single element The so- 
called black ~011s are a product of cllmatlc influences that are favorable to 
grass cover Wnen these are viewed from the ax (plate 50) they are found not to 
be uniformly black but to contan a variety of shading mth dxtlnctly black 5011s 
ln depressIons 

Red in ~011s often lndlcates a nell&al"ed profIle having a low water 
table I" ordinary photography red filters are used to remove haze These give 
red areas a dark gray value on the prints Many ~011s in the South have a red 
color and almost all limestone ~011s except under special rainfall condltlons are 
red 

Red 1s also a domxxnt color I" many clay-shale deposits and the out- 
cropplng of "red beds" that weather to rounded slopes (fig. 7) 1s often associated 
mth landslIdes and fill failures In these cases the color 1s not lndicatlve of 
good dralnage 

White oi- light gray colors I" ~011s of the humld regions are usually a" 
lndlcatlon of extremes I" moisture Varlatlo" They are subJect to seasonal satura- 
tlon and drought, saturation during long rainy periods because of retarded internal 
dralnage and dryness because of a favorable posltion A" exceptlon to this 1s found 
where the nhlte parent marl and chalks of the Coastal Plan outcrop or are other- 
mse exposed by local eroslo" Obviously sands are a" exception to this and can 
be dIstInguIshed from a light-colored silty clay or other elements of surface drain- 
age and dune shapes If present 

vegetative Cover 

"egetatlves cover 1s perhaps the most dlfflcult of the elements in the 
3011 pattern to interpret The slgnlflcance of vegetatlo" vai-les wdely mth 
climate and other factors, usually requlrxng local experelnce for detalled Inter- 
pretat1on However, to those mth local experience, as 1s often possessed by 
those who apply these techniques to thex local problems, both natural and cultural 
vegetative cover 1s a reliable x,dlcator of sol1 characterxtlcs 

As an lndlcatlon of ground-water condltlons the over-all vegetative 
pattern often provides a" excellent boundary between very wet and relatively dry 
areas Sv*amp vegetation presents an entirely different appearance when contrasted 
mth forested areas occumng well-dralned hills This contrast between wet and 
dry ground vegetatlo" 1s valid 1" all climates where rainfall 1s sufflclent to 
create this condltlon WIthIn a slramp area where the water table 1s sufflclently 
high to obliterate other elements of the sol1 pattern, vegetation alone i-emalns 
Muck and peat bogs have separate and dlstlngulshlng patterns of thex- ow" that 
lndlcate a varlatlon 1" condltlons mthln the area In forested areas, forest 
fires complicate the pattern although the fres are often confIned to the dry 
land Lumbering operations also tend to influence the pattern In general, wet 
and dry posItIons are dIstinguIshable by the vegetation that they support (fig 75) 
glnng the observer a general lmpi-esslon of COY~P type Although the presence of 
poplar x,dlcates mast ground, Jack pine xnplles sand and gravel beds, tamarack, 
muskeg, and mlloa, wet and swampy ground It 1s also true that many species such 
as white pine and aspen are tolerant of dralnage and sol1 condltlons and ~1111 grow 
on sandy as well as clay ~011s and 1" wet ox- dry posltlons 

Low ranfall areas provide many Instances of the x,terrelatv,nshlp between 
3011, ground water, and vegetation Salt grass lndlcates a ground-water table 
probably not more than eight feet below the surface Mesquite, birch, mllows, 
cottonwood, and palms also mdxate wet ground In contrast, the sagebrush, 
shadscale, cactus, Joshua tree, and yucca do not depend upon ground water (35) 
While these ulants are too srr,all to observe lndlvldually I" ordinary axphotos, 
rather pure stands commonly occupy belts that have features characterlstx to the 
part1cu1ar plant Since some types of vegetatlo" are tolerant of a mde range m 



soil conditions, it is necessary, on occasion, to avoid placing too much emphasis 
on this one factor without supporting evidence from other elements. Recent photo- 
graphs made with long focal length lenses have vastly improved the detail avail- 
able for this type of interpretation, 

Fig. 75. Various vegetative forms 
occurring in relatively pure stands 
under various soil-moisture con- 
ditions. 

Fig. 76. "Dead furrows"; spaced at regular 
intervals and running parallel. These 
shallow ditches serve as open drains in 
areas of very flat relief typical of lake- 
beds. In this instance and in others where 
the soil is high in silt content, the color 
responds to the effect of drainage as is 
shown by the soil adjacent to the dead 
furrow which has dried to some extent. 
Clay soils do not become white in this 
fashion. 

Land Use 

Land use and other human influences are included as an element of the 
soil pattern. The pattern of contour plowing, terracing, and strip-cropping are 
forms of erosion control signiffing a friable soil on a less pervious subsoil. 
Check dams, levees, crops, crop boundaries , plow lines, and many others carry some 
special significance depending upon the locality. "Dead Furrows" (fig. 76), the 
inevitable sign of plastic, poorly-drained soils, are the farmer's attempt to 
obtain surface drainage of an impervious profile. Orchards thrive in well-drained 
locations and, therefore, when observed on level ground good subdrainage is implied, 
and the soil will generally be of the sandy to sandy clay loam texture. 

These then are the major elements of the soil patterns, the land form, 
surface drainage, slope, erosion, color, vegetative cover, and land use. Created 
directly or indirectly by physical properties of the soil, they form a basis of 
interpreting the engineering characteristics of the soil and of foreseeing problems 
that directly affect the cost of construction and maintenance of pavements. 

Some Limitations of Interpretation 

One of the important axioms of interpretation is the recognition by the 
interpreter of the inherent potentialities and limitations of these techniques and 
their relation to engineering work. The accuracy of the results of photo-inter- 
pretation vary with two major factors; the chief and relatively fixed factor is the 
type of formation. 

Recently waterlaid materials as a general class are subject to variations 



In texture without corresponding and related surface mdications. With the lack 
of necessary indications as well as the mde range of textures common I" these 
deposits. subsurface predictIons concerning them may be subject to conslderable 
error If the interpreter does not realize the llmitatlons that eust I" con- 
sldering recent alluvrum it is also advisable for the reader as well as the inter- 
preter to Iawn the end point of a partxular study. The relatively level relief 
typical of recent alluvium favors runway and roadway construction in that little 
excevatmn 1s required to obtain acceptable grades. In such a sltuatlon the 
condltlon and texture of the surface deposits are important - I" fact much of the 
usual sol1 sampling stops at three or five feet in such areas. To understand this 
1s to realize that the most accurate part of the lnterpretatlon of alluvium is the 
important part and that the variations I" depth below the prlnclpal surface deposit 
are not always Important. 

Other and older waterlaid deposits In the form of terraces are not necesserlly 
llmlted I" this way and In many instances It 1s accurate to say that sampling at a 
certain speclflc locatlon ~11 show from "two to four feet of reddish clayey sand 
over 50, 60, or SO feet of gravel and sand - depending on the height of the terrace." 
Obviously In such a mtuatlon there ml1 be seams of sand mthout gravel or lenses 
of slit Included but because of their depth, they till rarely influence construction 
and more rarely would they be located by field parties. 

In contrast to the llrmtatlons indicated as typical of alluvial materials 
as one extreme, consider nlndblown materIala In the form of loess and sand Both 
of these are ldentlfiable in aerial photographs, both form in deposlts of measurable 
depth - as much as 100 feet - and each falls Into a separate and distinct textural 
class having nelldefined llmlts of grain size Such information on texture and 
other propertles at considerable depths is important here because the hill slopes 
that characterize these deposlts create a need for considerable cutting and filling 
to obtan satisfactory vertical alignment The texture 1s fixed mthln narram 
llmlts by the type of formatlon so that a predIctIon of texture, uniformity, and 
depth (approxunate compacted dry weights of both and Atterberg limits of slits) 
then depends upon the second factor, the farmliatity of the Interpreter aith these 
deposits. 

The examples cited above probably represent the two extremes These and 
the multitude of situations falling in between are individual problems that face 
the photo-mterpreter. Pew are those that appreciate the inflnite d&all (pertinent 
and oth*mse) recorded on aerial photographs for it 1s only by actual ground study 
and sampling of type-areas and a concurrent and thorough examination of photographs 
of the same areas that their true value can be known. 

The great multitude of conditions encountered, types and purposes of surveys, 
detail requred or needed, and the variable ability and experience of those making 
the survey make it clear that field Inspection and sampling are desrable and often 
necessary. However, the lack of experience may be overcome, particularly In local 
areas, and in numerous types of formatlons only occasional field checking may be 
necessary eve" though many square miles may be under survey. 



CFAPTER IX 

AIRPLOT ANALYSIS OF RESIDUAL SOILS 

The chapters of thx report concerned vnth the malysls of arphotos 
have been subdIvIded on the basis of the orlgln of the 5011, they %nll be found 
to correspona gem-ally to the early chapters dealing mth the background of 
InformatIon and llteratwe on the condltlons relating to these so115 and to the 
prlnclpal drvlslons used m maklng the map Under the heading of Residual Soils 
the subdl>lslons, based on the mode of formatlans of the rocks, are sells derived 
from setimentary, netamorphx, and igneous rocks 

Sedunentary Rocks 

The SectIon deailng xqth so;ls derIvea from seaunentary rocks has been 
subdIvIdea on the basx of dxztlngulshlng land fonvs The space here devoted 
to these 5011s 1s not entirely corpatlble with the area1 extent 1n this country 
of some of the forms. 

Sandstones, Shales and Lurestones (TIlted) 

These rocxs generally proauce areas of rugged relief Because of this 
the Influence of sol1 on construction and design 1s less than in less rugged 
terram, and problems concerned mth the character of the bearock become prormnent 

Lana Form Sedimentary rocks, when found III alternate order and tllted 
posItIon, develop one of the strongest of land-form patterns The contrasting 
texture and weat-er resistance of these co~limon rocks 1s reflected =n the draInage 
pattern and u, the marked dliference in slope character;stlcs of adJacent rocks. 

The d&al of the pattern ray vary mdely depending upon the angle at 
which these orlgu~ally flat-lpng strata of rock now repose The more thx dip 
angle departs from the horxwntal, the @-eater vnll be ti-e local varlatlons in 
relief Sx,nlarly the detail may vary wltb the relative thickness of adJacent 
beds and mth the recurrence of slm~lar rock types Clmte has little slgnlflcant 
Influence on the pattern except upon the texture - or lntenslty - of the dralnage 
pattern Even in humld cllnates the vegetative cover serves to emphasize the land- 
form pattern by establlshlng a caior contrast between forested hIllsIdes and cultl- 
vated fxlda on more gently sloping terraIn 

Regardless of these vai-xxtlons in d&all the general land-form pattern 
1s characterleed by the persistence of the parlous strata along the line of out- 
crop Thus the frst ~mpress~n galned from an aerial view (plate 9) of this 
type of land form 1s of parallelm~ Hills, valleys, and streams have a deflnlte 
dIrectIona trend that controls the dralnage, land-use pattern, and even the 
centers of population and transportation systems 

DraInage In the maJoi-lty of these areas the secondary drau~age system 
of the smaller streams follows the weak beddlng planes formed by strata or soft 
rock, usually cutting acrcss more resIstant strata at Joints and fractures thus 
creatmg a trellis (rectangular) dramage pattern The mayor stream channel 
shows less control by the rock structure. Fig 67, a dramage map of Roane 
County, Tennessee illustrates this pattern as does plate No 9 and the chart 

Ei-OSlOll Cl-Lmate has a great mfluence on the amount of active eroslon 
present Arld climates are characterized by u,frequent periods cf Intense ranfall 
The lack of such vegetative protectlon, as IS afforded by more hunld clmates, 
together vnth the mtenslty of ramfall and prevallmg steep slopes permt the SW- 
face water to carye the relief pnthout control. 

Although vegetatmn mhlblts erosion to a large degree, scme erosion can 
be observea on the axphoto wherever there 1s a,,preclable runoff The farm of 



erosion will be controlled primarily by the specific type of rock and soil under 
observation, and the vegetation. Reference to the general discussion of erosion 
till provide descriptions of the types of gullies occurring in these sedimentary 
rocks. 

Gully shapes conform to those in other materials as illustrated in figures 
70 and 71. Thus a gully in a typical sandstone soil area is shown i.n figure 77. 

Color -- The soil colors associated with these residual materials are 
relatively constant over wide areas. In the humid regions the limestones produce 
red soils that register as dark gray on most photographs. Although there are red 
sandstones in the west, most other sandstones produce soils that are much lighter, 
including various shades of yellow and brown which register as very light tones in 
pictures. Shales, especially the "clay" type, have a very uniform grey to dark 
grey color. 

Fig. 77. The simple gully having a V-shape 
tributaries is representative of erosion in 
soil-areas. 

and few 
sandstone 

Vegetation and Land Use. In the discussion of land form and drainage it 
was emphasized that climate largely controlled the vegetative cover. In humid 
regions the prevailing slope as much as the soil influences the cover. The sand- 
stones and limestones are commonly the 'tcliff-makers." Where the slopes are steep 
and the soils shallow, timber cover is common. Unprotected limestones, where 
sufficient area is exposed, weather to gentle slopes and produce rich soils that 
are usually cultivated. The sandy shales have the pattern of sandstone while the 
clay shales are dissected and are dissected and are cultivated in small fields. 

The key to vegetation in arid climates lies in the ground water and in 
the field of geo-chemistry. For this report it suffices to say that the chemical 
and mineralogical properties of rocks vary as do their physical properties and 
where the weather resistance of two unlike rocks may be similar they may well vary 
in respect to patterns influenced by the dominant chemicals present. 

These tilted rocks are studies in contrast. Side by side are sandstones, 
shales and limestones; and side by side are orchards, forests, cultivated fields, 
and quarries. Each of these is related to the quality of the soil, depth of profile 
or nature of the rock. 

Typical Profile. The majority of the sandstone soils occur on slopes that 
are considered steep and for this reason and consequent erosion the profile of 
this residual soil is shallow. These soils range from two to five feet in depth; 
they have a fine sandy to silty topsoil, and a sandyclay r8Brr horizon. The percentage 



of rock fragments increases rapldly as bedrock IS approached Under ai-ld condltlons 
j . al weathering predominates and very llttlr clay 1s produced, thus resulting 
I" a" extrerrely shallow sol1 and little proflle development 

Problems Rock excavation 1s common I" such areas The movement of 
seepage water I" the zone where the sol1 rests on the rock causes failures of fills 
am! unstable subgraaes Solution channels developea I" the lunestone may convey 
water long dxtances to outcrop I" runnays and hlghways If intercepted by excavation 
aperatIons. Where these flows are seasonal, apparently safe structures built during 
dry seasons may become unstable when ral" fills the limestone stratum An example 
cf this 1s shavn I" plate 63 

Sandstones, Shales, and Lunestones (Horaental) 

Land form The occurrence of horleontal OT "early horizontal strata of 
sedxnentary rocks 1s common The land-forrr patter" produced by these layers of 
alternating rock 1s as strlkwg as the dlssuular pattern of the tlited beds ns- 
sectlor of a plateau of these rocks advances largely mthout influence from the 
alternate beds of rock, hence, lnsteao of a pattern comprued of ridges of resutant 
rock and valleys cut 1" soft rock, a" vncontrolled or meander tyw of dIssectlo" 
occurs (chart) 

The land fern resulting from tbls type of dlssectlon 1s one composed of 
hills and rIdyes having gently rounded tops of approxx"ately the same elevatl"", 
and relatively StSSF sides wxth broke" slopes Plate 10 illustrates this land forlr 
well oecause I" that dry area vegetatlo" does not obscure details Platz 11 
illustra'es how land use and vegetative cover serve to emphaslee Q-e general land- 
form pattern I" hurmd areas (See also plate 12) 

Dramage Here the random pattern of the dralnage 1s best found I" the 
system of small and lntermedlate streams I" the streams dralnlng much larger 
watersheds, the broaa ~"fluence of other types of rock 1s often felt It 1s not 
uncomon to flna a mqor stream markIng the boundary of a" area of smlar rock 
Its Frl"Cl@ trlbutarles are often Influenced by rock underlyu,g the area but 
not sufflclently exposed to influence englneerlng constructlo" (except dam and 
bridge foundations) Therefore, It 1s the smallest tributary stream that more 
truly lndlcates the nature of the materials encountered I" constructlo" 

Ei-OSlOIl I" the sense of recent eroslo" there IS a wide varxty of co"- 
dltlons that may furnish ather 1lLtle or ample opportunity to study gullies The 
pore slgnlfxant (m this Instance), geologx eraslo", has shaped the hill slopes 
so that they represent a corrpromlse or balance between the cllmatlc attack of 
wwtherlng ana eroslo", and the weather resistance of the various rock strata. 
Consequently, on hlllsloes of this type ledges of reslstant rock vnll form "out- 
crops" oi- bands that approximate the same elevation These are the steep slopes 
on the hIllsIdes of this land form and they may be of sandstone or limestone The 
"soft" slopes above or below the reslstant rock are clay shales A study of the 
recent eroslo" on these ~11 permlt greater refuement and a rather accurate pre- 
dlctlon of the texture band. 

Calor Here the color patter" 1s consxtent .,ath the descrlptlon Eve" 
I" the preceding lana forrr In many Instances the shales ~111 vary I" color xathln 
a few feet This color varlatlor, naturally, registers on the film and enables 
the observer to trace Its pattern of outcrop eve" though Interrupted by slides or 
talus. 

Vegetation and Land Use Xeference to the tllted iand fcrm contalnlng the 
same rocks ~111 give general coverage of this element of the patter" An exanuna- 
tlon of plate 2 rnll u,alcate the lnterrelatlon between vegetation, rock type, and 
Slope 

Typplcal Profile Where these areas are dlssected, as they generally are, 



the existing soil mantle is made up largely of colluvial material. The truly insitu 
residual soils are shallow and relatively insignificant. 

Problems. The rapid change within short distances from hard massive rock 
to soft shale and the attendant seepage along rock surfaces are the sources of the 
common problems associated with pavement performance. 

Fig. 78. Sinkholes occurring in limestone regions vary widely in 
their size and appearance. These two views illustrate the size of 
those appearing as pinpoints on airphotos (5 cr 6 feet in diameter) 
to the average sinkhole having a diameter of 30 to 50 yards. 



Limestone 

Land form The dxtu,fluhl"g features of lxnestones are several L" number 
but the most outstanding and, therefore, the most unportant 1s the presence of sink- 
holes, fig 78 The frequency of occurrence of sinkholes 1s largely determined by 
the solublllty of the limestone Where the lurestone 1s flat-lying the sinkholes 
approximate a cu-cle III the aerial flew but tlltlng of the rocks introduces a" 
elllptxal shape mth the ma~oi- axis parallel to the beddlng planes. 

Thh~s form of u,ternal drainage, the quality of the soA that favors cultl- 
vatlo", and the gentle slopes characterlstlc of lxxstone areas combine to give ths 

dxtlnctlve land form Because of the susceptlblllty of lurestone to chemical 
weathermg this rock 1s usually covered mth some of Its own residuum, slopes have 
a smoothly flowu,g appearance and outcroplngs of the bare stone, except on valley 
walls, are rare 

I" addltlon to the su,kholes, the valleys cut by large streams flowUg 
through hoi-leontal lrmestor,e areas are characterized by U-shapes, exposures of the 
bare rock and a notable absence of talus slopes The absence of surface runoff 
froro limestone accounts for many unusual valley sections found I" these repons 
Undermx,u,g and collapse caused by streams filch are underground rather than on the 
surface , probably account for most of the valley sectlons Such streams as exist 
clear the valley floor of debris but fall to modify the valley sectlo". The 
trlbutarles to the ma=" stream are short, they have compound gradients, form deflnlte 
angles where the valley walls meet and are notxeably few UI "umber v2rlat~o"s 
from the normal Include dolormtx ant cherty lurestones Plates 15 and 16 lndxate 
these patterns 

Drainage The prlnclpal'dralnage of a lurestone area is subterranean. 
Rainfall that IS not unmedlately absorbed by the porous sol1 structure 1s soon 
carried to a su,khole ather as du-ect surface runoff or 1" a small stream The 
entx-e surface dralnage system and all of Its characterlstlcs lncludlng valley 
shapes both I" cross sectlo" and proflle, resemble those of a porous, well4ramed 
materxxl nrhlch, 1" fact, It 1s 

Pa-e, for the purpose of explalnlng a" apparent lnconslstency, the term 
"functional texture" previously dIscussed 1s applied to the limestone ~011s 
Texturally they are plastic silty clays and normally would be consIdered u~pervlous. 
Field mspectlon ~~11 show that the sol1 has aggregated Into a mass of nut-sized 
particles Pnth ample space between the lndlvldual "leces for the rapld percolation 
of water RY,lle many ~011s develop a slmllar type of open structure, fen have a 
well-draned parent material Lacking that, the proflle soon becomes water logged 
and the fragments swell and further retard draInage 

Erosion The pattern of eros=o" I" a limestone area 1s almost a redundant 
conslderatlo" since It serves chiefly to emphasize the pouts already duxussed 
For Instance, sheet eros~o" around a sinkhole merely helghtens the color contrast 
and makes that feature more prominent 1" the photos Because the sol1 derived from 
lurestones IS remarkably consxtent, details of the proflle obtaIned from a study 
of gllll1es 1s generally u""ecessary Probably the best auphoto x,formatlon 
derivable from gullies 1" these areas pertains to depth of the sol1 to bedrock. 

Color. Various shades of red predormnate I" these regions The genera1 
condltlon of good dramage 1s conducive to the development of these colors that 
are associated with well draIned ~011s Rthln local areas differences I" bedrock 
lmpurltles may produce deep, blood-red or reddxh yellow colors It 1s of particular 
slgnlflcance that the yellow influence 1s always associated mth a high slit content 
I" the e"t1i-e proflle. These sol1 colors, regutered on the film through a haze 
filter, appear as dark gray tones to very light gray tones on the axphoto prints 
The reddlsh-yellow sol1 areas are recorded I" the lightest grays and-the deep reds 
1" the darkest tones 



Vegetation and Land Use. Within the United States those limestone areas 
lying in climatic zones conducive to soil development and to plant life are 
generally rich and fertile and, therefore, are highly cultivated. The Kaibab 
Plateau in Arizona is probably the major exception. There, lack of both rainfall 
and irrigation water, and inaccessibility have discouraged agriculture. As a result 
of this, and more recently the establishment of national forests, the magnificent 
stands of native timber have been preserved. In small areas however, orchards and 
general crop development are numerous. 

Typical Profile. Depending upon the local slope and erosion conditions, 
the depth of profile may vary from a thin azonal soil to a well developed profile 
as much as 10 or 12 feet deep. The deep soils occur on undulating terrain, and 
where significant profiles are developed the topsoils to a depth of 8 to 10 inches 
are of a friable silty texture. The subsoil or B horizon is of silty clay (see 
appendix A, Residual Soils) and possesses the characteristic well-drained structure. 
The presence of chert in the profile in varying amounts in commonplace. The 
weathered surface of the bedrock is very uneven and is not characterized by the 
transition zone of rotten rock found in other parent rock types. 

Problems. In such areas the principal item of concern may be grading that 
involves rock excavation and the associated special problem of effectively capping 
sinkholes. The number of sinks as well as their condition can of course be deter- 
mined quickly by photographic inspection. 

Fig. 79. Steeply dipping, thin bedded dolomitic limestone 
in the Arbuckle Mountains region (see area B, plate 15). 
Note the narrow banding in the airphoto pattern and the 
insignificant soil cover in the ground view. 

Shale 

Land form. Probably the largest single area of shale in the United States 
is the rather uniform clay shale in South Dakota (plate 1). There are numerous 
smaller areas of clay shale throughout the south central and western states, and 
in the Appalachian valleys of the east. This type of shale is distinctive, whereas 
the land form of sandy shales closely resembles that of sandstone, the principal 
difference being that the former are less rugged because of the relative weakness 
of the sandy shale as compared with the sandstone. 

The clay shales are poorly consolidated beds of clay that weather easily 
to form a plastic soil mantle. Because the mass of the deposit is a clay, it is 
not unexpected that the terrain will consist of low rounded hills. The suscepti- 
bility of shale to weathering and erosion creates a land form that is characterized 
by much dissection and slopes that have a soft, flowing appearance. Plate 17 is 



a" aerial vlen of the fierre shale that Illustrates thx land form 

Dramage. Nowhere 1s surface dralnage more tnoroughly developed than 1" 
a truly argillaceous shale. Reference to plate 17 ml1 show the completeness of 
the surface draInage pattern and the resulting erosion The thickness of these 
beds and the fine texture of the partlcles renders the mass so completely 
xnperv~ous that much of the rau,fall 1s ducharged as surface runoff Where the 
shales are uniformly and horxa&ally bedded the dralnage pattern 1s of the dendrltlc 
type, where varlatlons I" texture or cementing of strata occur, especially I" tllted 
structures, some control of the dralnage pattern may be observed when the channels 
utersect the more resistant strata 

Fx03~0" Erosion I" an exposure of clay shale 1s usually active, a con- 
dltlon that supplxs ample evidence for verlfpng the sol1 texture The gvll1es 
formed by active erosion in these ~011s are shallow and broad mth gently rounded 
side slopes Erosion of the parent shale 1s of slrmlar form except that the portion 
of the gully 1" unweathered shale approaches a V-shape The gradlent 1s usually 
uniform and the distance from the headward end to the foot considerable Landsltdes 
and related forms of eroslo" are especially common where Intense ranfall occurs . 

Color Soils developed from shales are usually of the same color as the 
parent rock although weathering has modlfled the orlglnal color by leaching process 
The high proportun of surface runoff 1x1 these areas and the unperreable character 
of the shale combine to reduce the influence of slope on proflle development, there- 
fore, varying colors corresponding to "soil-posltlons" are not often observed, and 
where they do exist, the lighter shades are sometunes found UI the valleys, due to 
the effect of vegetation there I" contrast to the very dark grey bare hlllsldes 
(see plate 17) 

Vegetation and Land Use The large exposures of this type of rock are 
I" predominantly dry climates that have sparse vegetative corer The largest area 
of nearly suular material (shales ana sandstones - see plates 1 and 19) that 
occurs I" a hurmd clLnate 1s found 1" eastern Ohlo, Pennsylvania, and West Vlrglnla 
Here the vegetation does not seem to be partxularly slgnlfxant. 

Inasmuch as ~011s developed from shales are not productive, as a rule, the 
land 1s often devoted to grazu-,g Erosion an hlllsldes and water-logged proflles 
on level areas make these ~011s unsatisfactory for cultlvatlon (see also plates 10, 
11, ana 12 for shale exposures of lesser extent) 

Metamorphx Rock and Intrusive Rocks 

Gnems, Schists, and Slates 

Land form. The term metamorphx permits the inclusion cf all altered 
rocks that have undergone pressure and temperature of suffxlent lntenslty to change 
their physxal properties over that of the origIna rock Obnously the degree of 
metamorphism i~lll vary, I" many instances where the rock has been only slqhtly 
altered It v&l occur as a border line case Here the land form probably resembles 
that ascribed to the orIgIna unaltered rock type PPnere metamorphxm has been 
pronounced, the various dlstlnct classes of rock develop theu own partxular pattern 
Because of the naturally rough terraIn characterlstlc of these areas, less study has 
bee" give" to these rock patterns than to those types producing more level terra" 

Lunestone that has undergone metamorphx change 1s marble and while there 
are a few areas of thu material 1" the Unlted States, the rock are not exposed over 
a sufflclently mde extent to have developed a speclflc pattern A luuted number 
of observations made on this material have not sham the signs of weathering by 
solution that 1s observed in connection wxth the weathering of lunestone The same 
applxs to the develqxnent of patterns on metamorphosed sandstones However, the 
slates formed by the alteration of shale duplxate the sha;e pattern I" all the 
elements except one, the change that the clay shales undergo to form slate so em- 



prove their weather resistance that all of the general slopes in a slate area will 
be steep. Therefore, the land form pattern of slates is one of a highly dissected 
area characterized by shallow soils and steep slopes. Plate 20 shows such a material 
in one of the southeastern states. 

In a Piedmont upland where large areas of mica schist and other related 
metamorphic rocks occur, there is developed on a large scale a directional trend 
in the rock that is probably caused by planes of weakness due to concentrations 
similar to those found in specimens of any of these rocks. Where granites have 
intruded into layers of sedimentary rocks, the transitional or contact zone between 
the two is often altered. Plate 20 shows the distinct transition between sandstone 
and the batholith. 

Surface Drainage. The surface drainage pattern developed on these materials 
is liketise variable, depending on the properties of the individual rocks and some- 
what upon climate. The highly-dissected pattern of drainage on slates are indica- 
tive of the imperviousness df the material as well as the shallowness of the soil 
profile. In contrast, the mica schists and similar rocks weather more easily, 
produce deep soil mantles, absorb a large percentage of the precipitation and there- 
fore have less active drainage systems. The drainage in these rock areas is reason- 
ably influenced by local variations in texture and structural flaws within the rock. 
Where the bedrock is metamorphosed granite, the surface drainage is rather poorly 
developed; in the areas examined the pattern has not differed materially from that 
typical of granite. 

Erosion. Erosion is often a serious,problem to the landholders in regions 
containing these rocks. Metamorphism often produces a crystal-line structure and 
a considerable percentage of the minerals are extremely weather-resistant. ,The 
resistance and size of these crystals produce a sandy quality in the soil. The 
hilly terrain characteristic of these areas provides an opportunity for a large 
quantities of runoff, whic.h in combination with the sandy texture, creates a con- 
siderable amount of erosion. Large active gullies are found in the Piedmont (fig. 80). 

Fig. 80. This young gully is in the friable sandy soils 
produced by the weathering of mica schist. The shape of 
this gully is like that found in other soils having 
similar profiles and textures. 

Color. Brownish-red is the prevailing color of these soils. Variations 
in position, i.e., steep slopes or poorly drained depressions, create color 
differences. On the steep slopes the soils appear light colored, indicating a 
combination of good surface drainage and probably some erosion, while the depress- 
ions appear dark, indicating a deeper red to chocolate bro6n. Soils developed from 
slate are generally dark gray, and those developed from quartzite are light. 
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Numerous sltuatlons ai-lse 1n rrhlch the local rock contans a relatively high pro- 
portion of clay forrmng minerals Here the increased clay content of the so11 is 
prunar~ly reflected MI color changes (plate 21) 

VeRetatlon and Land Use Inasmuch as these rocks occur under all con- 
dltlons of clunate, an InfInIte varx&y of ~011s and vegetation result, therefore, 
It 1s dlfflcult to offer a general rule that ~11 apply to the enUre country in 
the lnterpretatlon based on vegetative cover and land use Locally however, 
vegetation and land use ~11 often be consistently correlated vTlth sol1 texture, 
depth and color, and the observer of xi-photos can generally develop hx own guides 
for his vlclnlty. 

Typical ProfIle The typIca profIle developed on slates 1s extremely 
shallow, contans many rock fragments, and 1s generally silty in texture The 
various types of schists are generally susceptible to weathering and produce a 
sol1 mantle of considerable depth The propertxs of the ~011s ml1 vary mdely 
for xnstance, =n the case of chlorite and talcose schist, the weathered material 
appears to retan the character of the lnalvldual grains although the bond between 
the gi-alns 1s destroyed This results =n a "~011" that 1s best compared to talcum 
powder, the Indlvldual partxles have no cohesion and under the condltlons observed, 
have been highly unstable Rocks high in mica produce a *sandy" proflle of con- 
slderable depth, the notable erceptlon bang the rmcaceous slates of northeastern 
Georgm . In general the sol1 praflles developed from altered granite are slrmlar 
to the related granite ~011s 

Problems Engx,eerr,g constructlon in most of these areas, especially 
in terms of runway and roadway construction, involve cuts that extend Into bed- 
rock that 1s frequently axx,tegrated to conslderable depths The class of excava- 
tlon ~arles mth the character of the lndlvldual rocks Constructing flus or 
attemptIng to bind these ~011s mth admixtures in the presence of serxlte, talc, 
and rmca Introduces a very dlfflcult mixture vnth which to work 

Gramtes and Related Rocks 

Land form Gi-anltes are usually formed below the surface of the earth, 
then Intruded Into overlying rocks In many cases the granite 1s then exposed by 
erosion and removal of the surface materlals Thu general process accounts for 
many of the western mountaxis. Where the granite core has weathered to form a 
trough between two crests of sedunentary rock, small mountan "parks" may be found 

Plate 22 sboas a complete land form of granite occurrIng in such an 
environment Although unusually small, this 1s a pattern that ml1 Illustrate the 
sltuatlon where a granite core 1s surrounded by the upturned strata of sedimentary 
rock that orIgInally covered the area These normally occur on a much larger scale 

Surface Drainage The amount of surface dralnage that develops depends 
largely upon the area1 extent of the exposure In some parts of Virginia (plate 23) 
large exposures of granite have developea a completely Integrated draInage system 
that shows the lack of structural control on the development of streams The 
absence of stratlflcatlon, planes of weakness, and other characterxtlcs that 
commonly u,fluence stream channels in residual sol1 areas perrmts this random 
dendrltlc dranage pattern to develop 

El-os1on There 1s a wLde varlatlon in the amount of eroslan I" granltlc 
materials because the broaaness of the term granite permits the r,cluslon of a 
variety of rocks Blgh-quartz-content granites have a preponderance of weather 
resxtant materxls ana as a result, sandy soils are produced that are susceptible 
to ei-OSIO~ on ordinary slopes On the other hand, most of the granites =n the east 
and southeast have a sufficiently large proportlon of clay-forrmng minerals to 
produce a hard, sandy clay, "B" hoi-lean which mlnunlzes erosion If, as It does 
in many instances, the "B" hrolzon becomes sufficiently ~mpei-nous, sheet erosion 
will be prevalent This condltlon also leads to the creation of a water-fall type 



of gully whereIn tne surface runoff 1s mantaned as a result of the profile 
development Where erosion cuts though to the transltlon zone between the "B" 
horizon ano the unweathered rock , gullies form rapldly and headward growth pi-o- 
gresses at a remarkable rate because of the undercuttIng by water that falls over 
the ledge provided by the sandy-clay horizon 

Color There 1s a relatively small varlatlon m color tones observed m 
these areas Most granltuz ~011s are reddlsh brown in color ana where these tones 
lIghten appreciably, It 1s a drect lndlcatlon of the IncreasIng sand content M, 
the sol1 (see plate 23) In an area of apprecu'ole extent It 1s possible to map 
those ~011s having a higher sand content by tracing the border of the light colored 
SO11 

Vegetation and Land Use In the east where the climate 1s hurmd, these 
~011s have been cultivated for long periods of time However, It 1s characterlstx 
that only the gently rounded hill tops a-e used III farrmng, while the steeper slopes 
on ather side of small valleys or gullxs are devoted to timber In the xest, 
where there are large cllmatlc varlatlons mthln drstances due to changes u, 
altitude, a great range both in vegetation and land use may be observed The 
mountan parks are almost always sufflc1ently moist to have prodxed a forest cover; 
here the condltlons are usually sultable for grazing and a moderate amount of cultl- 
vat1on Where the climate 1s dry, these 5011s are usually exceptIonally poor in 
water holding capacity and, therefore, vegetation that does occur ml1 be found 
in the bottoms of gullies and other posltlons where water 1s retalned naturally 

Typlca.1 ProfIle. Depending upon the relative quartz content of the 
granltuz rocks, the profile both ln depth ana texture ~lll vary considerably The 
influence of slopes on erosion also produces marked varlatlon m the types of the 
weathered profIle In general It can be sad that the low-quartz rocks produce 
a reiatlvely deep (5 to 10 feet) profIle in nihlch the top sol1 1s texturally a silty 
sand and the "B" horuon a compact, dense, red sandy clay Below thu, and begln- 
nlng at approrur,ately 40 Inches, the transItIon zone beglns here rotten rock 1s 
encountered in uxreaslng amounts as bedrock 1s approached and in many u,stances 
this 1s a gracual change The sandy granlt1c 5011s are weathered from blgh-quartz 
granites that are naturally moi-e weather resIstant A large proportron of the 
neatherlng 1s accomplished by physxal means Therefore, the depth and lntenslty 
of development of the proflle XI these are much less than in the low-quart8 ~011s 

Problems In almost all Instances of constructlon for ather auports or 
hIghways, It, an11 be necessary to make cuts that ml1 requu-e hard rock excavations 
Fractures produce seams that, when encountered, may carry sufflclent water to create 
local subgrade dlfflcultles In a slrmlar way durlng the wet seasons of the year, 
seepage in the zone of transItIon between the weathered profIle and the bedrock may 
cause minor slips in cut slopes as well as a soft subsurface condltlon 

Basalt and Lava 

Land form These extrusive rocks are classlfxd as those materials of 
volcanic nature that have Issued from cones or fissures in the surface and flowed 
over the surrounding area to cool and harden Lavas and basalts are the chief 
forms of thx material Whhlle lava 1s of small conslderatlon UI this country 
because of Its llrmted dlstrlbbutlon, there are extenave areas of basaltlc lava, 
especially m bhe northwestern states Both materials weather rapldly to form deep, 
plastic 5011s Hmever, much of the basalt, especially ln Wasnr&on state, has 
been covered, as shoxn in plate 25, by superflclal deposits of loess and sand 

Because of the fact that these materxls have issued from the earth I,, a 
ylscous form and have sought depresslons, they form elther plateau-like features 
or occupy valleys cut XI other rocks or older volcanx flows 



Surface Dralnage Because of the variety of forms that these materials 
may take It 1s dlfflcult to ascribe any one dramage pattern to them Many of the 
lava8 are so porous that they absorb a large portlon of the preclpltat~on Much 
of the basalt that has been studled In connection rvlth thx report has been marked 
by channels cut durrng glacial times (plate 31, so that 1i B dralnage pattern 
characterlstlc of basalt exists, It can not be uescrlbeo =n the present report 

Fxoslon Since basalt forms a so11 high In slit and clay It can be expected 
that recent erosion ~111 provide some InformatIon on the texture of the 5011 and the 
depth of the profile In a llrmted number 02 cases It has been possible to ldentlfy 
the basalt alrectly since the more or less uulque columnar structure on weatherea 
faces and the accompanying talus slope can be seen In photographs. 

Color The residual ~011s formed on basalt are chiefly reddish brown In 
color Although In places In the RIO Grande Valley In northern New Mexico, these 
~011s are of light grayish tan color (Further field data are needed to establish 
sqmflcance to be attached to varlatlons In color of the ~011s derived from basalt5 
and lavas) 

Vegetation, Land Use, Tywcal ProfIle. and Problems. (PendIng further 
mvestuzatlons %vhhlch are not complete at the wrItlng of thx text, comments on these 
element; are mthheid). 



AIRPHOTO AhALYSIS OF AEOLIAN SOIIS 

It 1s because of their general relatlonshlp that the wmd blown materials, 
lows and sand dunes, have been consIdered under the heading of Aeolian Soils. This 
obviously does not Include the ldentlflcatlon of sands of alluvial or glac~l orIon 
that may be closely assocxted mth the dunes As a mappIng detal It would be 
lmposslble and unnecessary to have dlstlnglushed dunes from other sand deposits, 
for that reason the sands are mapped as such and are credlted to the various sub- 
dlvlslone of the prlrclpa.1 so11 groups 

Loess and Sand Dunes 

Land form The texture and occurrence of loess deterrmnes, to a great 
extent, the basx land form that It assumes The underlyIng theme of thx land 
form pattern 1s the repetltlon of slmllar hills formIng a series of parallel 
ridges. 

m The texture and occurrence of loess deterrmnes, to a great 
land form that It assumes The underlv,no theme of thx land 

?S of lxrallel 

Loesslal slits are derived prlnclpally from the flood plans of large streams, 
therefore, the pattern 1s found to be most strlklng adJacent to the rivers At the 
valley wall tre terrain 1s characterized by extreme roughness, the hills having 
relatively sharp crests and steep sides At greater distances from the source the 
hills retan their parallelism but the crests become more rounded and the differences 
1" elevation less pronounced 

It cannot be expected that the land form pattern and the corresponding 
dralnage pattern ~111 be found arranged in perfect order Changes m %?nd dx-ectlon 
during the centuries of deposItIon may have modlfled the pattern, but m the large 
maJorlty of cases there 1s ample evidence of parallelism retalned In the ian@ form 
to posltlvely ldentlfy the material as loess In fact, vertxal photographs record 
this pattern In post-Kansan loess In WJnnehaha Co , South Dakota and of unldentlfled 
loess In Sioux and &wes Cos , Nebraska 

The nearest resemblance to this land form 1s found In folded or upturned 
beds of sedimentary rock, however, anyti-lng more than cursory inspection ml1 dx- 
tlngulsh these from the loess pattern Magnitude, scale, unequal side slopes, and 
erosIon pattern all serve to set these apart from the loess 

In areas where the loess mantle 1s thin or where rough relief has been 
covered (plate jO), the land form 1s not truly that of loess Instances such as 
these occur as transItIon zcnes at the fringe of a loess belt Fez-e It IS necessary 
to rely on other dlstlngulshlng elements of weathered slit to ldentlfy the material 
as 1oess 

Dramage Sxxe the slopes and dx-ectlon are flxed by the land form, the 
dra:nage develops x! response to the establlshed slopes oroduclng a trellis form 
Where complicated by erratic mnds during deposItIon the dralnage has assumed a 
random pattern much as the hills themselves For several reasons - xxludlng local 
topography, varying mnds, and more than one source-area - the typIca pattern of 
the loess land form may be lndxtlnct In such instances the proxmty of the source- 
area, the long sneeplng slopes, and the erosIon pattern lndlcate that loess forms 
the parent material. 

ErosIon Where the land form and dranage patterns of loess are Inter- 
related and&h the type of deposit, ei-ozlon In slit takes a form relatea to 
the texture but not necessarily conflned to wxnd blown forms; therefore, If the 
land form pattern 1s not dlstlngulshable the analysx need not break down Among 
the physlcal ana chemical properties that contrlbute to the erosive qualltles of 
slit-sxe materlal, the lack of cohesion between particles plays a mayor part 



Therefore, when It 1s exposed to running water, erosion takes place and gullies are 
formed Lacking cohesion the lndlvldual partxles easily separate resulting 1n the 
fomtlon of nearly vertical faces on the sides of gullies. Since this 1s a pro- 
perty of silghtly or non-cohesive ~011s It 1s not conflned to the slits. This 
property 1s so highly. developed (especxlly in 10~s) that any manner of cover, 
hwever small, ~111 protect the rata-la1 lmmedlately beneath It thus forming a 
ridge oi- pinnacle of a shape OT extent that 1s governed by the cover rather than 
the sol1 material The net effect of thx characterlstlc 1s to produce gullx+s 
and other erosive forms that have not only vertical sides but fm-like extensions 
proJectlng from the erosion face. "Catsteps" formed by the slumping of slit on 
the steepest slopes 1s a not-too-common form of ei-oslon in loess. 

C2 In an aerlal photograph the predormnantly yellow-brm of slit pnll 
regxter as light gray to white Mere the land 1s cultivated many fields ml1 
appear gray Grass and gram, commonly found on slits, display a hav-like quality 
on the ax-photos that the observer soon associates mth loess In relatively dry 
areas SW> as that =n eastern %shx,gton, the surface sol1 has a deflnltely black 
COlW Here the grain crops or stubble, in contrast, give a light color. 

Vegetation and Land Use Loess 1s kncrx as a fertile sol1 and IS often 
cultivated lntenselv RaInfall 1s the chief variable controlling the cover In 
the lower reaches o: the tisslss~ppl Valley ranfall 1s suffx&tly high to main- 
tam a dense forest cover while ln the dry areas of the west short grasses may 
thrive The famous Palouse reglan 1s almost entirely devoted to wheat ralsr,g. 

Typxal ProfIle In h-d areas the pi-oflle of a loesslal so11 varies 
mth the slope of the ground In posItIons where, for any reason, moisture oi- ground 
water accumulates, the slit ml1 weather to a silty clay material. Thus, the profIle 
of a loesslal sol1 xnll be found to consist of slit as a shallow topsoll, a silty 
clay material forrmng the "B" horizon, and the parent material the unmeathered slit 
The depth of dexlopment of the weathered proflle ml1 vary inth the slope, bang 
the deepest I* the depresslore It 1s worthy of note that the "B" horlaon has 
a well-developed structure .&here the loess mantles an unrelated material such as 
bedrock, It 1s often found that ground-water movement has been retarded causing 
an accelerated weathering of the profile Claypan development of the profIle 1s 
associated ulth thx condltlon In extreme cases of satui-atlon due to posItIon, 
the ,,,aterxxl had weathered to a very plastic silty clay In local areas a darker 
gray may be found mthln a light-colored, cultIvatea field, these are slight 
depressIons or dranage-ways that have developed a more pronounced sol1 proflle 

Problems After having ldentlfled a so11 ai-ea as loesse.1 m orlmn 
and checked the observation by studying the lesser elements, sol1 boundarxs 
representing slmllar profIles can be drawn along any location speclfled on the 
photograph, Fortunately for ~011s engr,eers condltlons standardlxe the methods 
of dealing vnth these ~011s The relief that 1s associated mth this type of 
deposit 1s usually so rough that cuts and 1111s are required especially when 
cuttx,g across the main trend of the hills. With thx as a cantrall~ng factor the 
xnportance of the weatherea "B" horizon of a proflle becomes negllglble over large 
areas In instances where the claypan occurs the relief 1s often gently rolling 
and the neatnered proflle assumes much more importance especxlly in terran suit- 
able for axports 

Long experience has shown that cut slopes =n lows must ather be nearly 
vertxal, star-steppea and sodded, or sloped and sodded mediately Erosion ml1 
seek out the flaws in or varlatlons from these practxes 

men a photo study of the hIllsIdes reveals no slgnlfvcant breaks in slopes, 
burled rock 1s not to be antxlpated in cuts After having establxhed this con- 
dltlon, the construction ~~11 then deal mtb one of the most amazmgly urnform 
materials in the world, for samples of many of these deposxcs 1ndlcat.e no slgnlficant 
varlatlon of the parent material to depths of thirty, sixty, and even eighty feet 



Since silts represent the Qnhappy medium" in textures promoting frost 
action, such action is associated with positions favorable to a shallow ground- 
water condition. 

Fills constructed of this material may appear highly unstable during 
construction and yet perform satisfactorily. Silt is very critical of water 
content and when an excess is used during compaction it may become impossible to 
use ordinary paving equipment. Form alighment also suffers. 

Sand Dunes 

Land form. The sand dune in its basic form is one of the most easily 
recognized land forms. The characteristic shapes, so intimately bound up with 
the other elements of the soil pattern, seldom leave the observer in doubt as to 
its origin and composition. 

Sand swept up from alluvial, lacustrine or residual plains, forms into 
dunes that may assume one of several typical shapes depending upon their local 
environment. Melton (36) deals splendidly with these in the Great Plains; but in 
the humid' areas some technical conflict is encountered. Rarchane dunes are common 
in sandy outwash plains of the glaciated regions where the crescent shape (barchane) 
is readily distinguished from the other glacial land form patterns. Here the "hornstt 
of adjacent dunes may.be found pointing in opposite directions and thus violating 
the rule of horns downwind. Where the horns are pointed into the wind the dune is 
usually framing the leeward side of a local swamp area. If the dune, probably 
resulting from a blowout during a period of drought, should break away and move 
across country, it would soon adjust itself into the category of the ordinary 
barchane. 
(fig. 81). 

Regardless of shape, the steep side of these dunes is downwind. 

Fig. 81. A highway cut exposes the typical cross- 
section of a barchane dune having a steep lee side 
and a long sloping windward face. Vegetation on 
dunes regardless of location is drought resistant 
in comparison to adjacent lower and more moist 
soil-positions. 

Some dunes , plate 33, have a double crest that forms a trough at the top 
that is parallel to the longitudinal axis of the dune. This trough is often neatly 
subdivided into cells by transverse ridges connecting the double crest. 

Drainage. Drainage being internal, there is no visible pattern. The 
very lack of a pattern is evidence of the porous nature of the mass. 



Eh-os1on Prlthofit surface dramage there can be no water eros~r,n except 
that by xaves where dunes border bodies of water In extremely unusual cases of 
erosion ln sand tunes a very obvious allumal fan forms at the base of the slope. 
Blna eroslo" 1s conwon on olc dunes stablllzed by vegetation Fue,'overgraeu~g, 
or other condltlans nay kill the protective cover of vegetation and perrmt a local 
blowout to form. 

CL? The uqx-esslo" of light gray to white tones 1s universally 
associated rvlth sand dunes as well as mtb nearly all forms of sand deposits 
Ehere there 1s sufflclent ranfall to support tree growth on sand dunes It IS, 
eve" then, possible to observe this characterlstlc color It 1s approplYate to 
restate the warning that mth certain so11a such as sand dunes color 1s one of the 
least reluble of the elements on which Judgment can be based, 1 e , all dunes may 
appear light m color but not all light areas are dunes - nor are they all sands - 
"or are they all well dralned 

Vegetation and Land Use A sand dune 1s , possibly, the best draIned soil- 
area rnthln a @ven reglo" The unlformlty of texture and molstui-e condltlon pro- 
duces a unlforrmty of vegetative cover sn that w.thl" reasonably mde cllmatx 
varlatlons dunes ~111 be covered mth a typIca plant or group of plants that are 
readily alstlngulshed from those gromng under other sol1 (or ,wsture) condltlons 
Red oaks thrive on dune sand 1n the north central states, certain species of pu,e 
1i-1 the south coastal areas, and short grass in the mqorlty of western states where 
dunes are found. 

Dunes I-ecelve rather lmlted treatment from the agricultural standpomt, 
they are chiefly devoted to wood lots and grazing Occasmnally the well-ordered 
pattern of a melon patch ml1 be seen 

Typical Pi-ofxle. WIthout any know" exception the profIle aevelopment m 
dunes 1s so slight as to be lnslgnlfxant 1" englneerlng conslderatlons The very 
nature of the dune form makes deep grading of cuts a corm~o" occurrence. 

Problems As a subgrade materul, sand 1s often considered the best 
Protectlo" of cut slopes aganst vnnd eroslo" 1s a necessity in most u,stances 



CrAF’TFJ? XI 

AIRPHOTC AhALYSIS OF GLACIAL MATERIAL? 

Eecause of the variety of land *‘arms resultmg from glacmtmn the glacml 
materxxls have been dlvlded into Morames, Till Plans, Kames and Eskers, Cutwash 
Plans, Lacustrme, Muck and Peat, and Terraces Terraces or Valley Trams assocm- 
ted with glacml dramage lmes have bee" Includea because of theu mwrtance as 
a SOUI‘CB of aggregate and as extensive well-dramed sites for au-ports and hIghways 
On the other hand, tiumlms, although dlstmctlve glacv.1 features, have been 
onuttea because of thex relative unimportance Figure 82 shows the orgameat~on 
of the sectlo" of the chart dealmg rilth glacial and aeollan mterxls 

MOral*eS 

Land form The pattern of hills that form a morame can best be described 
as "humbled" The heterogeneous nature of the matermls camprxmg a mmame and 
ti-e uncontrolled form of the mdlndual h111s comorne to give a rattier dlstmctlve 
land fom pattern Inasmuch as the generel texture of the sol1 1" the ma-alne 
may vary widely, the shapes of lndlvldual hills wthln a moramc area may not be 
smlar LlkewLse, some rrara~"es nay be nade up almost entrely of fine-textured 
nater~~ls or, as in the base of many terrnnal inwanes drarnng from granular areas, 
they may be almost entirely of gravel 

In general, the type of materv.1 x~th=" a moraine ml1 vary not only m 
the cross-sectlo" but longltudlnally l!bere the glacxr has gathered debris from 
local becs of clay shale, the moraine vnll be fine-textwsd and the slopes of the 
hills gentle, conforrmng to the weathering characterlstlcs of clays An outstanc- 
Ing example of the other extreme 1s found I" the terminal moraine iorrmng the south- 
west boundary of Lake Sawxs In North Dakota Here the hills are actually an 
agflegatlon of kames made up of very granular materials See plate 34 

Perhaps the orly other land fcrm to be confused rvltt that of the moraine 
IS fornled by sedurentary rocks The autstandlng dlfference In appearance between 
these and the moranes IS the banded and rather regular patterns of outcrops of 
sedimentary rocks 

In detal, the hills can be fauna to ru" not only more or less continuously 
along the line of outcrop but In almost every Instance they have dlssuular slopes 
on opposite sides of the lndlvldual hills Tbx feature 1s controlled by the weather 
reslstarce of ti-e rock and the dip of the strata 

Surface Drainage The surface dralnage developed on a moraux? 1s obviously 
controlleo by the orlpnal rel-ef Corresponding to the heterogeneous nature of the 
norane, the drainage pattern 1s best described as random Local influence of 
texture u?ll bring out or muunlze the surface dranage pattern, I" the fine-textured 
soils the draInage ml1 be highly integrated In the ma-ame referred to In North 
Dakota, there are fex, If any, contuwous channels since most of the water 1s absorbed 
by the grsrular materials Many unaraned depressIons are characterlstlc of all 
types of moraines 

In rrany Instances, the dramage pattern 1s the only apparent lndxatlan of 
the presence of rmnor rcorames, especially those of the recesslow type Pm-e, 
the watersbed or dlvlde marks the crest of the inoralne Stereoscopic vulon mth- 
out some means of estaollshlng contour may fall to ldentlfy the general rise of the 
slope of the land towards the crest of the morar,e, since Its mdth may be =n such 
proportIon that t'lere 1s no apparent slope except that revealed by the draInage 
pattern 

Eroslo" ErosIon in morau~~c areas 1s often pronounced In granular- 
textured ~011s the erosran 1s generally at a rmmmum, but In the average condltwn 
~+ere the material may be termed as "semz-granular" for the purposes of thx work, 



the prevalllng slopes in terminal moraines create a great deal of erosion, often 
expos~g the parent mate-al Plate 35 illustrates thx ei-oslon pattern A great 
variety of gully shapes pill1 be found and these, as lndlcated III the dIscussIon in 
chapter VIII, ml1 vary mth the texture of the material bang eroded. 

Color The vvlde varlatlon in the sol1 colors 1n a rno~a~,lc pattern 1s one 
of the dlstlng"1sh1ng features that separates a moraine from other slightly slmllar 
land form patterns The non-uniform texture together mth the aide varlatlon m 
slopes creates a multitude of vai-latlons III the sol1 pi-oflle These varlatlons in 
the profIle react to form contrasts UI the color of the top ~011, thus, the sol1 
pattern of the moraine ml1 range from extremely light of sloping posltlons where 
erosion 1s active, through the IntermedIate tones coi-responding to the shallow pro- 
flies, to undraned depressIons that have a deep pi-oflle, a ?lgh water table, and 
an accumulated deposit of organx materxl that renders the surface color black. 
Tris 1s ln contrast to other types of materials such as shale hills that might 
othermse be confused xath morax~es The shale producing such hills 1s lnvarlably 
more unlfoi-m in texture and more impervious - a condltlon that m~,~,~ees dlfferences 
1" so11 colors Where colors vary in shale areas It 1s usually along lmes of out- 
crop and IS in response to come local Influence of structure or texture Thus, a 
color manlfestatlon merely serves to enphaslze the orlgln rather than to confuse 
It mth the moraine 

Vegetation and Land Use Yost of the glacial drift 1s to be found in the 
more or less humld sectlons of the UnIted States Being conflned to the northern 
border states, the drift 1s r,fluenced by clmte that 1s favorable to agrxultural 
uses and UI many Instances to fruit ralslng Therefore, the moraines are lntenslvely 
cultivated except on the steepest slopes where erosion has removed the weathered 
so11 It 1s not a colncldence that fruit orchards are a feature of many ma-alnlc 
areas They requxe far healthy growth a well-dralned posItIon and the preval~,g 
slopes of a morame are apparently favorable to this condltlon 

The general land-Lee pattern 1s directly associated with the cultlvatlon 
mentloned HI the previous paragraphs Smce the occurrence of glacial materials 
colncldes mth a favorable climate, most of the land IS cultivated The well known 
fertlllty of most glacial materials 1s also a contrlbutlng feature towards the 
rather large percentage of cultivated areas 

Typxal ProfIle Because of the xa.de varlatlon of the slopes found on 
morames, the range of depth, texture, and development of proflles 1s great On 
the steepest slope, where erosion has either prevented the proflle development or 
has destroyed It, the parent materxl 1s exposed These areas are clearly defined 
on aerlal photographs In the depresslone or XI ai-eae having very gentle slopes 
the proflles are generally deep and well developed The "B" horizons are generally 
sandy clays and present a considerable contrast 1n texture when compared mth the 
parent In the less typIca instances where the moraine consists of fme-textured 
materials, erosion and the relative lmpermeablllty of the parent material Inhlblts 
profile development so that they ai-e shallow, weak, and relatively unimportant M, 
constr"ct~on 

Roblems The problems associated pFlth ConstructIon and deslgr in moi-alnes 
are n"merO"S Where cuts are made to maIntan a reasonable grade, a great varlatlon 
11, texture may be expected mthln short distances Thus, one cut may be made in 
serm-granular sol1 and an adJacent cut may intersect stratIfred layers of clay, 
graxl, sapd, or slit One of the chief dlfflcultles encountered IS coping mtb 
water-bearing seams Many of the xxxvldual hills I" a moraine may have one or more 
cf these seams dlpplng at odd angles These are especw.lly Important to locate and 
to x&rcept by dralnage xxtallatlons Needless to say, not all of these can be 
antlclpated precxely by the "se of aerial photographs and It 1s partxularly 
important that field borings be made. The function of the aerial photographs in 
a sltuatlon such as this 1s to show where Such a condltlon may occur and to Lndlcate 
those areas where field exploratilon 1s necessary. 



Till Plavls 

Land form The pattern of the till plans 1s that of a very gently un- 
dulatmg plan This materlalwas deposltea by the Ice =n Its progress across the 
iand and therefore, 1n many places wheye the Ice movement was continuous and unl- 
form, the 'cl11 plans are very broad end extens1L.e. Apparently the motion of the 
Ice and method of deposltlng thx naterlal x-eated a remarkably uniform surface 
condltlon Moraines Interrupt this pattern and mark the uosltlons where the Ice 
either stagnated terrporarlly or reached Its maximum extension Subsequent erosIon, 
since the dlsappearance of the ice, has not changed the relxf of the till plans 
to any marKed degree 

Surface DraInage The surface dralnage of till plans can be descrIbea 
as dendrltx The gentle slope of the land and the absence of any marked topographic 
obstructIons has pernutted thx. dendrltlc dralnage pattern to develop The lntenslty 
of the pattern 1s somewhat dependent upon the general texture of the drift Inas- 
much as the prevalllng slopes are very low, a comparison of drainage patterns In 
various till plan areas mdxates the relative texture The till of Ohlo ana other 
eastern states 1s composed of materials that were drawn largely from areas of sand- 
stone, shales, Igneous, and metamorphic rocks, while the till plans of western 
Ohlo, IndIana, Illlnox, Missowl, and Iowa are composed largely of debris from 
lInestones and clay-shales Consequently, the tall of the east, having much more 
granular material In It, 1s better draIned than the mid-western till plans 

Erosion Serious gully erosIon In unaxturbed tall p&Ins 1s not co?Lqon 
because of the very gentle gradients However, there 1s extensive sheet erosIon 
and ~111 erosIon, largely because of the high quantltles of run-off resulting from 
the relative lmpervlousness of the sol1 Conspxuous on the alrphatos are both 
rills, which appear as fine harllke lmes, and the sheet erosIon seen where the 
light-colored topsoils of the slightly higher ground 1s being eroded and deposIted 
In the dark more organx weas that mark the depressIons Therefore, It 1s con- 
servatlve to say that eroslon m till plans is of llmlted s~gmflcance tien study- 
Ing the sol1 undxturbed textures, but that eroelon protection on all graded areas 
1s essential 

Color The color pattern of the mid-western till plans 1s one of the 
most Intensely developed of all areas Where the parent contan consIderable 
quantltles of calcareous materials, the very strlklng black and white pattern 
shown III Fig. 40 and In plate 36 1s developed This contrasting pattern 1s found 
throughout the till plans although Its lntenslty 1s somewhat modlfled in areas 
where the general profIle 1s faxly well draIned The till having the weakest 
color pattern 1s found m eastern Ohlo and sections of New York, while It 1s most 
Intensely developed in western Ohlo and Inalana Fxcept1ons to this are found m 
the areas shown on the map (plate 1) as old drift In Ohlo, Indla~a, and Illlnols, 
these are characterlaed by uniform wh1t.e colors vath very little black associated, 
even In depressions Areas of old drift west of Illlnols are characterleed by gray 
tones due to the pralrle development (plate 37) 

Vegetation and Land bse The till plans are so broad In extent that they 
cover she transltlon between the natural forest and the praxle areas west of the 
Mlsslsslppl River In the more humId re@ons of the eastern states, wood lots are 
a common occurrence, whereas In the West nat1x.e grasses are the only natural vegeta- 
tlon com;norly encountered 

This area 1s known chiefly as the corn belt Because of Its natural 
fertlllty, the land 1s occupied by cultivated fields through whxh the color pattern 
1s obvious at all times of the year In old drift deposits the proflle has been 
leached to such great depths that they are not as productive as the young drift 
This condltlon and the parallel one of clay-pan development are reflected in the 
rather lmted land use Locally known as "crawfish" ~011, much of the land is 
given over to wood lots that are generally locatea m particularly wet posItIon 



Typical Refile In the young drift t?,e depth of the weathered profIle 
varies from approximately two to four feet so that any subgrade =n the till plains 
will, in all prooablllty, be located in or on the weathered profile In referring 
to the plates 36 and 38 shornrg these patterns, It fir21 be found that the light- 
colored areas represent slqhtly elevated posItIons having somewhat more favorable 
drainage than tw dark ones In these lqht oartlons the profile 1s rruch more silty 
than in the dark depresslons and 1s weakly developed in compar~on Dark areas are 
typIcally silty clays to a depth of several feet and are colncldental 91th high 
ground water Thus, they represent developments of plastrc silty-clay that are =n 
a wet condltlon during most of the year In the old drift, the praflles are often 
vreathered to depths of from eight to ten feet, m these xStances weatherxg has 
createa a concentration of clay thaz 1s well termed a "claypan" This deep pro- 
file 1s made up chiefly of silty top sol1 that ray extend to a depth of two feet, 
underlain by silty clays that are mottled, occas~nally cemented, and usually 
contan black concretions 

Problems The problems associated mth these proflles are largely those 
of recognlzlng and lnsurlng against the texture and draInage condltlons The 
silty clays occ"rrr,g in the "B" horleons of each of these prof+zs are not con- 
sldered good subgrade materials The surface slits when water logged are particularly 
unstable Provisions for correcting this condltlon, such as lnsulatlng pavements 
or x,creas~,g pavement thxknesses, are common forms of compensating for a naturally 
weak subgrade. 

Kames and Eskers 

Land form Xames and eskers are found only 11, glaciated areas and are not 
easAy confused mth other glacial forms Both kames and eskers represent remnants 
of glacial stream beds deposIted upon other glacial forms and having no necessary 
textural relatlonshlp to the underlyUx material, whether It 1s a till plan, 
morame, or alluvium An esker (shown in plate 40) 1s a ridge composed of sand and 
gravel that may vary in length from several hundred yards to two or three miles 
In heqht they commonly vary from 20 to 60 feet These ridges are often serpentine 
x, shape and very much resemble a stream channel in plan, a natural characterlstlc 
since they are 1n effect the bed-load of streams once flornng III the glacier 

The steep sxes, narrow mdth, propartlonately great length and serpentine 
outlIne are the dxtlngulshlng features of this land form k kxle 1s merely a smgle 
hill of pave1 that, If extended in any partxular dIrectIon, would form an esker 
Kames may occur as Isolated bills or 1~ groups of hills, usually SynTetrlca; 

Surface Di-anage Because of the lunltea watershed and the porosity of the 
material that form kames and eskers, these formatlox do not aevelop a surface drain- 
age pattern It 1s not uncomnon for an esker, however, to x,fluence the dralnage 
pattern of a surrounding formatIon, such as that of a till plain In such Instances 
water coui-ses cf the adJacent areas are usually aeflected oi- are othervslse controlled 
by the presence of the esker, and swar~ps at the base are commonplace. 

Ei-OSlOn Erosion on kames and eskers 1s not comron, although occasionally 
an observer ~~11 notlce that on the steepest slopes small gullies have developed. 
r&ate often these are started by some outside x,fluence such as the breaking of the 
sod cover by cattle. 

Color Kames and eskers are seldom cultivated so that an unrodlfled sol1 
color 1s seldom seen They are generally covered alth a natural growth of grass 
or trees, but in spite of ths, light tones :ha often lndlcate a well-draned sol1 
show through the cover and lend emphasis to the fact that this 1s a well-dralnea 
matenal 

Veeetatlon and Land Use The naturai vegetative cover on these 13, of 
course, x,fluencea by clunate, but 1" each case the type of vegetation can be classified 
as a drought-resistant form Hence, IFI hunnd areas, trees favoring dry sol1 con- 



dltlons ml1 be found on these formations, In the drier sections short grasses 
cover the ksmes and eskers, while adJacent ~011s havmg more favorable mmstwe 
condlt~ons produce a more luxxi-lant cover 

Inasmuch as these materials are granular they have produced very little 
weathered 5011. This condltlon, together mth the droughtlness of the material, 
restrxts the use of these areas to grazing and natural stanas of tlmber 

Typical Proflle. The typIca profIle developed on these deposits 1s weak 
and lnslgnlficant, weak because of the porosity of the material and the steepness 
of the slopes and lnslgnlflcant because these are usually sources of granular 
borrow Where they are encountered in construction, they provlae excellent sub- 
grade and the profIle has very little influence 

Problems InterbeddIng of slits, sands, and gravels 1s characterlstlc 
I" these forms. In using the deposit as a source of borrow, It 1s usually desirable 
to work against an open face, thereby mlxlng segregated materials As a subgrade 
sltuatlon, the occaslonal seams of slit that often occur may carry water and produce 
local areas of frost heave or othemse unstable material. 

Drumlins 

Because of the llrmtatlon of space and the lwted dxtrlbutlon of 
drumlin they are not presented on the Arphoto Analjjsls Chart 

Land form Drumlins are easily ldentlfled by their form and shape, since 
they are one of the few glacial features that have been shaped along the 11x5 of 
Ice movement The dlrectlonal trend of drumlins 1s espe~ally natlceable when more 
than one occurs in an area In such Instances they appear as a series of parallel 
ridges smoothly tapered on both sides and at each end. In lonetudlnal cross section 
they resemble a rather broad cigar mth one end having a longer taper than the other 
(plates 2 and W) 

Surface Drainage. These land forms occur on approximately the same scale 
as askers and consequently have a relatively small dralnage area, therefore, little 
surface dralnage pattern can be expected, although the texture of the 5011, being 
less granular, cause* more surface runoff and occasionally the materials that are 
found =n drumlins are sufflcxntly xnpervlous to create a very active form of 
surface draInage. 

ErosIon Because of the relatively steep slopes formIng the sides of 
druduns It 1s not uncmmon to find short gullies eroding the steep sides of these 
ridges These gullies are narrow, shallow, and short 

Color The so115 developed by the weathering of drumlins are light in 
color because of the reasonably good dralnage condltlons that prevail A con- 
trlbutlng factor in the 11&t color 1s the tendency toward podzollaatlon - that 1s 
found In the cool hlmud clxnate of the northern states where drumlins commonly occur, 

Vegetation and Land Use. The fact that the materials that make up this 
land form are In a well4ra~ned posltlon (due to the prevalllng slopes) together 
mth the general occurrence of these forms In cool humld repons restrxts tile natural 
vegetative co~sr to the forest trees that thrive under moderately dry sol1 condltlons. 

Drumlms, where not too steep, are often devoted to extensive orchards and 
In most other instances they are either perrmtted to retain their native cover or 
are used for pasture 

Typical Proflle The typxal ra-oflle occurring on a drumlin 1s very 
shallow and weakly developed because of the slope favoring surface runoff and good 
Internal dralnage The influence of podeollzatlon creates a light-colored, silty 
topsoil, the conversion of the parent matcrlal, by aeatherlng, to form a "B" 
horizon proouces a sandy, gravelly clay that seldom exceeds tro feet in depth. 



Because of the relief of these features, cuts Into drumlu~s pass almost xnmedlately 
Into parent materx.1, thus nnmrmzmg the Influence of the proflle. 

Roblems. Roblems associated mth excavation and cuts I" ai-uml~ns are 
practxally ldentlcal \Ilth those 1" mora="=c areas 

Outwash Plains 

Land form Outmsh plains are created by glacial meltwater breaking 
through moraines or other land features, transporting the materials that have been 
eroded, and deposltlng them on mde areas of relztlvely low land where the waters 
are free to spread wIthout being strxtly confined. This process of formatlo" IS 
directly associated mth other types of mater-formed features and SLTLC~, 1" many 
uxtances, rather high current velocltles are mnvolved, a mde range 1" texture 
may be expected 

In the Iceal sltuatlon a" outwash plain would resemble a" alluvial fan 
both I" outlIne and cross-section In such a case the texture would vary from 
coarse near the source to fine sediments at the outer fringe of the fan ThlS 
general bandlng can be observed 1" several Instances Unfortunately, the general 
land features prevalllng at the time of formatlo" do not pernnt this pattern to 
develop uninfluenced by exlstlng channels and hills In addltlon to the influence 
caused by local land features, the fact that the period of deposItlo" may continue 
over a considerable time not only changes the horizontal varlatlons I" texture but 
also the vertxal Depending on the relative movement of the ice mth respect to 
the source of the outwash, one may find either coarse materials at the base of the 
formatlo" overlain by fine-textured sedunents or these textures I" reverse order 

Aerial photographs of outwash areas, as I" plate 42, shuw dlstlnct 
remnants of channels that have curled the mftest currents during the time of 
formatlo" and have "o,r been abandoned, partially fllled. 'Ihese channels, vhere 
the currents were probably moving at magl~~~um velocity, also create local differences 
1" texture much as are obser>-ed I" rivers where natural levees are formed by flood 
water 

I" summarlP"g the land form pattern of a" outwash ~laln, then, the 
features that can be ascrlbed to this type of formatlo" are a rather level to 
gently undulating relief, marked by numerous abandoned channels, "one of whhlch 
have actually eroded suffuxently to form valleys or terraces Often they appear 
to be a se~les of more oi- less connected lakes or muck-fllled depresslons. In 
examlnlng these areas 1" aerial photographs the ground-water condltlons and sol1 
texture are obviously the objective These textures are ldentlflable by the sur- 
face patterns characterlstlc of gravel, sands, slits, and lake-laid deposits of 
slits and silty clays In most r,stances lacustrlne deposits are absent because 
the flovnng water seeks, and generally flnas, an exlstlng river through which 
these fine-textured sedunents may escape. 

Surface Draulage Any one surface-dramage pattern cannot be attributed 
to outwash areas sunply because the formatlo" contains such a variety of textures 
and cond1tlons I" most instances, and especially I" the more granular sections, 
surface draInage 1s not developed beyond that exxtl?g at the time of aeposltu". 
In areas of flat-lying slits and clqs, It 1s to be expected that eroslo" and 
di-alnage channels may have been formed These are invarubly areas of hqh ground 
water, since they occupy the lowest portlo" of the outwash and therefore receive 
most of the underground water supplled by rainfall absorbed I" the granular areas. 
The amount of surface drauage that has developed mthln a" ai-ea such as this 1s 
a fun&lo" of the permeatlllty of the entre profIle. 

ErOSlO" Eroslo" I" an active sense 1s not often found I" these areas 
chiefly uecause of the gentle slopes and law gradlent of exlstlng streams I" 
addltlon, the general texture of these ~011s does not promote surface runoff 
The few areas of lakelaId deposits adJacent to outwash do exhlblt signs of eroslo" 



Notmthstandlng the very low gradlent of the land, the ~mpervlousness of the 
proflle 1" these lacustrlne areas causes surface runoff whxh 1s accompanied by 
eZ-0810" 

so11 Color As I" the parallel case of surface dranage no one color 
can be designated as characterlstlc of outwash plans In fact, extremely lnde 
var1at1ons are Common Where muck deposits are associated mth sand and gravel, 
as they often are, the color varlatlon 1s most pronounced The black or very dark 
gray of muck serves to emphasize the light colors of the adJacent sand a"a gravels 
The varlatlons I" color and their relations to the sol1 are best illustrated by 
reference to the aerlal photographs shown I" plates 42 and f& 

Vegetation and Lana Use The vegetative cover characterlstlc of outwash 
plans often responds to the texture and water condltlons that prevail In the 
blgher and drier areas, often on sand dunes, the xerophytlc plants preval The 
transltlon continues from that condltlan to the saamps contaunng muck and peat 
that are sometames covered mth tamarak 

Land use llkex?se varies consIderably Orchards and other crops are 
comon m these areas where the well-dralnea ~011s are found and muck farms, 
truck ,carders, ?noss factorres" and related land uses are found I" poorly draIned 
areas 

Typxal Roflle Typxal proflles found In the gravelly areas are represent- 
ed by "B" horizon development generally extendlng from 18 to 36 Inches in depth 
representIng weathered portlons of the gravels that produce sandy clays This 
comblnatlon of clay and weather resIstant muierals elves, I" some u~tances, a 
surprxlngly plastic rmxture of sand and clay Below thu the sand and gravel 
may extend for considerable depths Unlformlty XI this type of deposit 1s not 
expected and sea of slit or sand provlde consIderable varlatlon. 

In sands the weathering seldorr produces E profIle that can be consIdered 
slgnlflcant from the standpolnt of construction problems Seldom 1s there a texture 
change lndxated m these materials. 

WIthIn the slits and slltg clays, profIle development has usually been 
arrested by a condltlon 1" which the high grouna-water table rmnlrmzes the effect 
o? mechanical and chemical processes that create a weathered proflle 

Troblems The problems of outwash plans are those chiefly related to 
subgrade The seemIng dlffxulty caused by stratlfled materials 1s muunlsed by 
the fact that the prevalllng lana slope seldom requres heavy cuts for runway 
211g"ment. 

Lacustrlnt? 

Land form The land form pattern associated mth a lacustrlne deposit 
1s one of the most level of all geomorphic features. The large areas lndlcated 
on plate 1 represent mde expanses of almost unbroken relief Glacial Lake 
Agassle, occupying adJoInIng areas I" M?anesota and North Dakota and extending for 
many rmles northnard Into Canada, 1s perhaps the largest Occasionally, because 
of some relative change m the elevation of the deposits, they become dxwxted 
m a manner drectly related to theu form and texture Such an Instance may 
be found along the southern shore of Lake Superior I" the vlclnlty of Superior, 
wxsc0*s1* Here the red lacustrlne clays (Superw clay) have been highly dxsected, 
but the flat-topped hills, having common elevations, retain the semblance of the 
land form The well-roundea, un1foi-m slopes are r,dlcatlve of the clay-like texture 
(76 8 percent passing No 200 s=e~e, llquld llrmt 57) 

Rhhere suffxlent coverage is avaIlable, the shore lr~ or moralnlc 
barriers may be see" Often these lakes have been formed by terminal moranes, but 
other structural features may have Impounded glacul water to form a temporary lake 



Surface Drainage. Inasmuch as the texture of these deposits 1s fine and 
thex posltlon vvlth respect to the surrounding lane, law, they ml1 receive a large 
amount of surface water The general tendency of these deposits 1s to have 11il- 
pervious profIles, resulting I" a high degree of deveiopment of the surface drax- 
age pattern Because of the low gradients that pi-wall the prx~ary dranage system 
ml1 extend for long distances and ml1 be characterized by meanders. 

Erosion The only eroslo" to be observed in lacustrlne areas ~111 be 
found adJace"t to the dralnage channels Here the side slopes of the dralnageway 
~11 oe soft and well rounded, Inaxatlng the texture and unlformlty of We aeposlt 
Flgure 71 shows a typlcal ground flew of tbls feature where We tOF so11 is s11ty 
the process of eroslo" rslll form a mde fringe that borders the gully proper 

Color The colors that are developed on lacxtxne ~011s are usually 
drab In ma"y cases they ml1 be found to be a dark gray, broken only by slightly 
lqhter areas that represent very small knolls or surflclal oeposlts of sl:t or 
sand I" examxnng the pnotographs of large sections of the Lake Agasslz basin, 
there 1s found a dxtlnct correlation between the silty sol1 (Beardon) and t-e 
llgbter-colored patter" of the photographs The silty clays (Fargo) have ceveloped 
a dark gray color. 

Vegetation aaa Land Use The natural vegetatlo" occurring on lakebeds 
under humId condltlons must lnevltably be of a swampy nature, while I" the dry 
climate that would Include the desert area of Lakes Lahonton and Bonneville, there 
1s an extreme var1atlon I" vegetative cover. 

Here agal" the wide varlatlon I" cllma:e tends to a multitude of uses 
for thx type of land In humId areas the excess rroxture I" the so11 almost 
precludes Its use for cultzvatlon unless sopLe form of dralnage 1s Installed There- 
fore, a ditch system and the use of "dead Iwrows" ~111 be assocIatea with cultl- 
vated fields I" lakebeds Figure 75 lnalcates the appearance of a aeaa furrow m 
such a field while reference to plate 43 ~211 slow zhhelr appearance on an aer~.l 
photograph 

Tfl~cal ProfIle Because of tte general Impernousness and the high ground- 
water condltlons <hat preval I" most of these deposits, profile development has 
been retarded to such a" extent that It pas no sppreczble influence on engineer- 
mg structures Below the loose top sol1 It 1s conmon+.ce to find deep beas of 
larmnatea slits and clays Assocv.ted mth the lacustrlne deposits there are old 
shore lines of bea? ridges composed of granular materxls assorted oy wave actlon 
and heaped up I" ridges parallel:ng the orlplnal shore line Trese serve as 
excellent sources of borrow 1" an area ahere such raterlal 1s badly needed 

Problems Inasmuch as there 1s little varlatlon I" relief the chief 
concern when constructing yavewnts I" these areas 1s to prcvlde as much draInage 
as 1s practical as well as to assure sufflcle-it 3upportlng power I" the subgrade. 

Muck and Peat 

Land form tick and peat are here listed under glacial developments sake 
many of the large deposits are associated mth glacxted areas These materla;s 
are usually formed I" depressions already exlstlng 8na fIlled with water The 
gradual illllng I" of these ci-annels, ponds, 2nd lakes Hy vegetation gro~%ng I" 
and along th.e edge creates the muck and peat swamps of today These vslll be observed 
I" vai-lous sta:es of aevelopnent, but 1" each instance the orl@nzl outline of the 
lake ml1 be very clearly marked Usually small bodxs of water rem+" near the 
center to 1ndlcat.e either the presence of an u"dergrouna spring oi- the fact that 
tne development has not proceeded sufflclently to complete Its work 

Surface Dranage Since these deposits represent the lonest elevation 
1" the area they seldom have any surface draInage patter" Occasionally waler may 
Ilow I" restrlcted channels, but this 1s not necessarily surface draInage from 



the muck Where these areas are draned by "pen ditches, such structures pave 
been lnstallea u, an effort to lower the *later table ano to make the deposit 
s!ntAble for agricultural purposes 

ErCSlOn Non.2 

Calor The very blgh "rganlc content of these deposits xwarlably 
shows a black or very dark gray =n contrast to the much lighter sol1 colors I,, 
nearby areas 

Vegeta%lor ana Lsnd Use The cgetailve progression that helps to 
Ide-tlfj trese areas 1s a ,erv ;nterestiny one In vany cases It 1s pos-lble 
to see :-e c.lstlrct c:a"ze fror? the rearb:- 1'1112~3 vegetatlcr through s,amp 
forest 'egetz~lon, narsh xegetatlan, ard aquatlc vegetatlor to the edge "1 the 
open mte, \1f an3-) Plate 44 sho%s t-1s oaliern and a" associated "oonb shell" 
?attern tk: 1s net readily exgl=u,ed Dach-orrskl-Stokes gives an excellent 
cross-sect1cn of twLs ire-d in "So2s and Yen" (43) 

Dependlnz upon the local condltlons and efforts that have been made to 
reclam these deooslts, there ray be B" ~n'ense development of truck farms on 
these bogs In the northern states, rartlcularly northern Wsconsin, Ylch$gan, 
and Minnesota, most of these areas hzve not been developed 0cca510na1 "moss 
fzrms" may be observed. 

Typed Pi-oflie These cepos~ts vary from a few feet up to on? hunwed 
or more feet I" depth Almost m~anao;y they ae uncerlaln "y ~"rous rratermbear- 
~ng nateruls that contrlbute :" the condltlons that a-e favorable to the formatlon 
of the hors The naterlzl I,, the form of Feat 1s a fibrous nass =n rrhlch leaves, 
bar6, and fragments of lur,x and t>ul,-s can be ldentlflea In the muck these have 
reacted an advanced sta<e of aecay In either Instance these nsterlals are wet, 
"artlally consolidated, and contan a very lar<e proportion of "rgawc naterlal. 

Problems Deposits of these naterlals always "resent a problem ;n 
pr"ndu,g a stable foundation for any structure u,p"sea upon them The h'lgh 
ground water, and subsequent shrlnkage If draued, presents only one phase of the 
problem Wen these areas are dralned, It 1s not "nc"r,w"n for the,,, to becore 
lgnltec and "urn for long periods of txne, resulting =n a formatlo" of under- 
ground cav;tles that eventua-ly collapse and contrlbute to the settlement The 
mere operation of drauu,g such a deposit has resulted III a uniform lovrerlng of 
ground level by as much as four feet The hl& degree of mstablllty of these 
materials makes It necessary elther to bridge or excavate III most cases 

Tei-l-XeS 

Land form In glaciated areas and those adJacent to the glacial border, 
the Fi-lnCl~1 streams mere formea by glacial melt In some u,stances they couxlde 
mth lines of pre-glacial draInage but in every Instance the volume of water xsung 
from the melting ,+cxr was so much in excess of the normal preclpltatlon occurring 
before or after glaclatlon that the river valleys are not in proportIon to the 
streams now occupying them 

The large volume of water that carvea these valleys also carried much glacial 
debris as sedunents that sreere denoslted in the stream bea and flood plans of the 
ITvers At the present tame the relatively small streams now "ccuppng these 
valleys have lowerec their channels leaving extensive aeooslts of glac~l materials 
as high terraces or valley tyalns At the oolnt of discharge from the glacier the 
meltwater dropped most of the very coarse material and as the stream continued dam ‘\ 

the valley gradually losIng Its velocity It also deposlted, by selective deposltlon, 
/ 

the gravels, coarse sands, fine sands, and slits at =ncreasu,g distances from the 
SOUTCe. 

In sumary, It 1s characterlstlc of streams In giacEJ areas to occupy 



dmproportlonately large \alleys and to rave one or more high terraces occwrlng 
at frequent mtersels along the stream This 1s not only characterxtlc of large 
rivers but contmues down xhhrouph the smaller classes of streams, eve" to those 
bordering on the l"term1ttent type 

Surface rlranage Smce ti,ese terraces are com~osea 04 sancs and gravels 
mth some slit - and at their most distant extremltles, of sand - they are well 
draIned, except I" ml"or slack-water areas Being ~11 dralnea x,ternally they 
have preserved their orIgIna foi-7 As a rule, the only surface dranage petter" 
that ~11 be fount on these tzrraces vnll be that created by mayor channels orlg="a- 
tang I" <he upland and crosslng the terrace to gal" entry to t"e prlnclpal stream 
OtYemse, all the water dlschargea on the surface of the terraces by surface run- 
off from tne adJace"t uplands 1s absorbed ana curled to the prlnclpal stream as 
ground water 

It 1s not quite accurate to say that there 1s no evidence of surface drain- 
age on tnese terraces because the dark inottled areas that develop on the surface 
actually rrark the x,flltratlon ~aslns through whl& the water percolates dow"*ard 
In the forrr of a co,r~ar~o", these right be described i-s very weakly developea 
sinkholes, such as occur on a larger scale I" soluble lunestones severa: instances 
of well-developed sinkholes occurring 1" ravel a-e found I" the Great Plans 

XI-os1on "he weathering of these lelnl :ranulzr ~raierlals produces r' sandy 
clay ~rof;le or "o-ver-burder IN trat 1s several feet I" d&h I" locallflet N"rr,crE 
this 1s ~11 developed, eroslo" of the surface sol1 sqmer:mes occurs, eswcxlly 
neir tne face of the terraces r+,ere steer, slo~ei are found I" swh Instapes, 
short 7J-shaped ~"11~~ carry~rg rL"of1 ,rar t?e slces of the terrace, lnclcatln~ the 
presence of a relat~.elj ~liz~r~~ous but rhl- topSol as well as a granular suostra- 
tlm 

Color The colors of the ~011s on ti-ese terraces vary from white to light 
gray I" appearance on aerial photographs The rvhlte 1s lnolcatlve of a large pro- 
portun of sand I" the surface horizon l\hlle a uniform gray patter" 1s the common 
tone observeri I" photographs of reddlsh-brown sol15 assocutec vltb weathered gravels 
The small dark spots, usually circular I" shape, are the extrerrely shallow depress- 
10"s mrkmg the areas where water percolzted dovm through the so11 

"egetailon and Land Use The natural vegetative cover occurrIng o" these 
land forms 1s almost completely destroyed since the ~011s occurring on these terraces 
are excellent for farnllng I" the west where the ranfall 1s scanty the sol1 rrols- 
ture I" these well-braned terraces 1s suffxlently low to r?revent the grwrth of 
trees In such a-eas the tree- are usually conflned to the lox levels of recent 
all~vlum that have a more favorable ground water condltlon Ir the extrwe northern 
areas ~ltihn the States, sore of the terrace rennants, too small or i-emote to be 
cultivated, are covered wltt a growtt of pl"e 

Because these so;ls are porous ant rich, they are sutable for t?e cultl- 
vatlo" of orchards ena they are among the first 5011s that can be worked I" ;he 
5plT*g These two propertxs make therr desirable for farming and It ~111 be fauna 
that most of these ter7aces are entu-ely cultlvzted 

Typxal Proflie Where these terraces are conposed of comblnatlons of sands 
ano gravels tte sands are large>:' slllceous II-J nature and the gravels, calcareous 
or .Ig"eaus In the process of neeatl-erlng, both the calcareous and :gneous saterlals 
form clays and slits Thus, the weat'-erec erof?le co~monl: ccnslsts of a sandy top- 
sol1 several Inches 1" deptr underlan bi a "B" horlzo" develoment of sandy to 
gravelly clay that may extend as mxh as four feet Into the deposit Belcw this, 
for considerable denths, sands and gravels wll1 be found On sandy terraces the 
sands are weather resIstapt and ccnsequently fall to deve;op a slg"Cxznt prcflle 

Problerrs The corrblratlon of level terraIn and the Nell-draned nature 
of the profIle makes W-ese areas Ideal locatIons for au-ports. 



KAFl'ER XII 

AIRPHOTO ANALYSIS OF WATEF&AID MATERIALS 

The outlr,e of the AIrphoto Analyst Chart lndxates that the materlale 
of the Great Plans Out-wash Mantle, Coastal Plans, FIlled Valleys, and Recent 
Alluvium are to be dlscussed in this secflon These III turn are subdlvlded Into 
dlvlslons that deal with important features, characterlstlcs, oi- sol1 textures 
of the pi-lnclpal area For example, the Coastal Plans are dlvlded on the basx 
of relief characterlstlce Into "Lower" and "Upper", and further dlvLded Into the 
prormnent clay belts on the basx of texture It will also be noted that under 
streams, "lhture" and "Old" are shown "Young" streams are not Included, chiefly 
because they have not developed allunal plains of suffxlent extent to be mde- 
ly consIdered 

Sods of the Coastal Plain 

Land form Soils of the Coastal Plan are predominantly water-deposltes 
materials eroded from adjacent uplands during perlode of contInenta submergence 
men this province along the eastern and southern seaboard mas elevated above sea 
level, the land form that prevailed at that time was a level to gently sloping 
surface Since these deposits were not all placed and elevated at the same time 
there 1s considerable varlatlon mthm the Coastal Plam On that basis the 
Coastal PIax, has been subdlvlded Into two classes, mth a thxd subdlvlslon - 
the Clay Belts - provided to accommodate the "problem ~031s~ 

The dlvxlons based on reilef are termed the upper and laxer Coastal 
Plan, the upper areas are tissected and have little resemblance to the common 
conceptlon of Coastal Plans based on the general xnpresslons associated with the 
level terrain of the lower plans area Because of the age and height above the 
base plan of erosion, dlssectlon has created, =n the upper plans, a remon of 
valleys and ridges not obviously associated mth water-lad-deposits (plates 48 and 
49) 

On the lower Coastal Plan, that 15 of relatively recent age, there 1s 
little dxsectlon and the rivers flomng from the higher ground are characterleed 
by theli- lo% gradIenta and mde valleys At the coast these streams are bulldIng 
deltas and associated vnth their mouths there are large areas of swamp and marsh- 
land On the shore line, barrier beaches and lagoons are typical. On the East 
Coast mde streams of very short length and Pnthout apoi-eclable valley walls are 
characterlstlc (plate 46) These occupy drowned valleys lndxatlng that the land 
1s once more bang submerged 

The land form of the clay areas 1s not topographIcally dlstlnct from 
elther one of the other two subdlnslons This group includes the Black Belt 
~011s and also those clays pedologxally ldentlfled as Susquehanna, Orangeburg, 
Lufkin, and i-elated sol1 sei-=es (L4) Vilthx, this group the land form 1s 
generally characterleed by IntrlLate dIssectIon, although the slopes that have 
weathered to gentle grades (seldom reaching seven percent and not exceedx,g 10 
percent) characterxtlc of clays, are found in this subd~vls~on and not assocxted 
mth the sand-clays and sands forrmng the balance of the Coastal Plan materials 

Surface Drainage. In the upper Coastal Plan lt has been lndlcated that 
much tissectlon has progressed through geologx time Therefore, the surface drain- 
age conforzng to this dIssectIon extends Into the uplana areas forrmng a pattern 
that 1s fine in texture, lndxatlng a high degree of development This dlssectlon '\ 
has left only a relatively small percentage of the orlg~nal surface, therefore, 
the cultivated fields generally occupy only a small portion of the land since they 
are conflned to relatively level uplands 01‘ to the alluvium In the lower Coastal 
Plan the surface drainage 1s less complete and channel features are replaced oi- 
modified by a large proportion of swamp land The pr~~lpal aralnage systems here 
are the rivers that drain the higher and more remote se&Ions; associated with these 



are extensive networks of artificial drainage systems. This situation is parti- 
cularly true in the more fertile East where the hand-excavated ditches date from 
slavery days. 

The drainage pattern most commonly found on the clay areas is best 
described as dendritic. The gentle seaward slope and the impervious profile make 
ideal conditions for the development of a pattern of this type. 

Erosion. Erosion is one of the major agricultural problems of the South. 
In the upper Coastal Plain erosion is most active because of the high drainage 
potential. The active W-shapedl' gullies are readily observed since the sand-clay 
texture and profile development combine to permit a waterfall action at the head 
of a gully with consequent undercutting. 

In the lower Coastal Plain, due principally to the low drainage potential 
rather than any general differences in the soil, erosion is insignificant. In the 
clay belts where the top soils are silty clays and the subsoils are relatively 
impervious the conditions are ideal for sheet erosion. Even on the remarkably 
gentle slopes (Fig. 82) a large amount of surface runoff occurs, carrying with it 
much of the soil mantle. In many places this erosion has progressed sufficiently 
to expose the underlying strata that are chiefly white chalk-like shales, marls, 
and limestones. 

Color. The general color of the Coastal Plain soils is commonly described 
as red or reddish-brown. However, in any one area covered by a single photograph 
there,is a considerable variation in soil color, due partially to changes in 
texture but also attributable to the ground water conditions and erosion. Even in 
the so-called Black Belt where soil colors are often considered to be uniform when 
viewed from the ground (fig. 82), the variations include all shades of gray and in 
many instances both white and truly black tones occur (plate 50). In the Alabama 
sections of the Black Belt it was found that the texture of the materials varied 
in harmony with the changes in color, the blackest areas having the highest clay 
content. With increasing amounts of silt the gray value becomes lighter. In 
areas where the underlying chalk is exposed by erosion a white value is indicated. 
In the lower Coastal Plain where slight differences in relief create similar 
differences in ground water conditions, the wet areas are easily identified by the 
darker color of the soil. In this way many small channels, probably constituting 
meanders of streams making the original deposition, can be detected. In all 
sections of the Coastal Plain the lightest tones are associated with areas of sand 
so that, even in areas generally considered as sand-clay, a study of the photographs 
will show local areas having a higher sand content and a consequent improvement 
in drainage conditions. 

Fig. 82. This ground view is a typical scene in the Black Belt 
area, showing the very gentle slopes prevailing in these sections. 
The apparent uniformity of black color, as viewed from the ground, 
is disclosed in the airphotos (plate 50) as being quite non-uniform 
in shade with corresponding variations in plasticity, drainability, 
and stability. 



Vegetation and Land Use In most of the Coastal Plan, especully I" the 
southeastern states, the famous pine forests occupy a large percentage of the land 
that 1s no longer sutable for other purnoses Here and there on Isolated hills 
small farms may be observed These usually occupy less sandy posltlons NIthI" 
these cultivated fields the lnfldence of a higher percentage of fines ~lll be 
noted by the varlatlons I" color The sand-clay texture typical of some sectlons 
of the Coastal Plan seems to be particularly crltlcal of water retention, IX,- 
believably fine dutlnctlons I" texture and ?:astlclty can be made by aerlal abserva- 
tlons of these colors I" cultlvatec flelas Both the upper and lower Coastal Plain 
I" the Florida-Geor~a-Alabama sectlors are devoted to southern pine native cover, 
fiere associated mth cultlvatio" these Ilvbered areas are ather dlssected or 
Sandy I" the northern extension of the Coastal Plan on the East Coast practxally 
all of the suitable land 1s cultlvatec - the balance 1s swamp, covered by cypress 
and related water-loving vegetation (plates Lb and 47) The subdlvlslon of the 
Coastal Plan dealug mth the clays 1s somewhat more complxated I" that the Black 
Belt ~011s are largely planted I" coLton Where eroslo" has seriously affected 
the Black Belt soils, grazIng 1s now beconl"g a" lrportant land use The lighter- 
colored clays seem to be less desxable agriculturally and much of this type of 
land has reterted to second-growth forest cover 

Typical Roflles The more or less allunal or1s" of these Coastal Plan 
materials makes for stratlfxatlon Llkemse the relative youth and rmneralogxal 
composltlo" of these materials do not seem to have been favorable to proflle 
development so that, even among the pedologlsts, there 1s not ready agreement on 
elther pi-oflle descrrptlons or boundarles for many of these areas 

In conformity ,mth the engurxr's usage of these soil-areas for axports 
It 1s seldom necessary to make cuts that go below the depth of sol1 that influences 
the pattern recorced on aerlal photographs Yence, sand-clays are referred to mth 
the thought that the materjals encountered I" ax-port construction ml1 be sand-clays 
At greater depths there may be wux varlatlons in texture, these vnll not materially 
Influence construction problems or subsequent performance of pavements Llkexwe, 
thx sa-r,e type of a~lysls can be naae I" vast of the other ~011s found I" the Coast- 
al Plan However, I" the mdespread and complex aeslgnatlon of Interbedded and 
lnterrmxed materials drastic changes I" texture 3~11 be founo mthln extremely 
short distances Deposits of r;ravel may be found either ITI recent alluvml deposits 
where currerts naturally decrease I" velocity or on high lnterstream ridges that 
mark terraces formed by ancient rl~ei-s These terraces have been preserved as 
ridges standlng abo-?e t'-e surrou"dlng land sunply because they are more weather 
resxtant due to thex hqh permeablllty In conslderlng the Black Belt, where 
the clays rest on rrarls or related materul, It 1s more feasible to speak I" terms 
of typxa1 profiles Mere the silty nature of the top sol1 1s uracated by evidence 
of sheet erosion and the preventative lax-use practxes of t,errac>ng and contour 
plowing Thu type of eroslo" lndlcates a" impermeable sol1 when present on such 
low slopes Supplementing this, the gullies that are formed I" the weathered slopes 
of the hills have, I" common, the very gentle slopes lndlcatlve of silty clays and 
clays The mde but shallow yll1es Infer a contrast between the easily eroded top- 
sol1 and the eroslon-resmtant silty-clay subsol material Therefore, usmg these 
elements of the sol1 patter" and observing possible evidence of rock I" the area, 
It 1s possible to construct a proflle for any give" locatlon With the aforementioned 
analysm, the remamlng mrmble 1s that of the depth of the so11 over the rock. 
This can be estimated by the presence of exposed rocks, slopes, ei-os=o", ard sol1 
COlOl? 

Problems. In the lower Coastal Plan the range I" texture from dune sands 
to clays, together with a flat relief and high ground water condltlon, establishes 
the type of problems involved I" axport and hIghway constructlo" Where the texture 
1s fine and the ground nater table high, it 1s usually desu-able to elevate the grade 
line by constructing fills In many instances It has been observed that the constru- 
ctlo" of fills using the same silty clay or clay ~011s does very little to urqi-eve 
the sltuatlon and It, 1s necessary to import granular base material, often at great 
cost. If the characterlstlcs of the sol1 rather than the methods of construction 
are at fault then reconnaissance mth photographs provides a" easy means of locating 



the nearest areas of granular material that can be used ln unprov~ng subgrade 
condltlons Dlscharglng accumulated surface water from runways may require exten- 
SlYe erosion-control structures 

In the Black Belt, the ground water condltlons are unusually good for a 
sod area possessmg thu texture Nevertheless, the performance af flexible 
pavements in these areas ras lndlcated that the normal satu-atIon by ranfall 1s 
sufilclent to @ve the subgrade a low bearing value during some seasons of the 
year HOWeVer, on the lighter-rolorea clags, the performarce of pavenents has 
been noted to be as pcor as on any sol1 in the country This may be partially 
attributed to the fact t,at these clays are "chermcally active" 

Soils of the FIlled Valleys and Great Plains Outwash Mantle5 

Great Plans Cutwash Mantle 

Land form The ~011s of the Great Plans outwash mantle are anclent allu- 
ma1 deposits derived from the Rooky Mountans to the west Ongmally thu vast 
area must have been a plan gently sloping eastward from the mountalns w1t.h all 
signs of other land features burled beneath this relatively deep deposit The 
remauung outwash mantle typlfled MI the High Plans 1s a remnant 

However, It, 1s necessary to subdlvlde the area Into approximately three 
classlf1cat1ons This 1s dearable since ei-oslon, eatqq Into these materv.ls 
from the east, has removed conslderable quantltrss of this mantle and 1n many 
places has exposed the once-burled land features (plate 5L) In many areas this 
process has proceeded to an advanced degree so that little, If any, of the mantle 
now remal" Therefore, these denuded se&Ions should be placed in a separate 
category concerned mth consolidated materials The prlnclpal subdlvlslon, though, 
deals zwth the High Plans areas which are essentially level rrhere the ~011s are 
composed of water-lad materials that are unconsolidated The x&rmed~ate class- 
lflcatlon 1s one of transltlon between the preserved Tertiary mantle and the areas 
where It has been almost entarely removed 

The natural laws of deposItIon would 1ndlcat.e that mthln the Flgh Plau~s 
those mater-lad materials occurring at the greatest distance from the source have, 
in general, the finest textures and those occurrIng near the mountaxis contan a 
large percentage of fragments. Plate 51 typlfles the pattern that 1s characterlstlc 
of some of those portions of the level or undulatxng High Plans at conslderable 
distance from the mountains where contour cultlvat1on 1s practxed Two other 
varlatlons often occur in this dlvlslon of the plans Near the base of the moun- 
tans It 1s much more common to find the remnants of streams and abandoned channels 
that carried or are carrying the sediments that have built up thx mantle At 
u,creaslng distances these channels become less pronounced Plate 52 1s a vertical 
photograph lllustratlng this characterxtlc The pattern - that 1s so often assocla- 
ted mth the finer textured materials and seems to replace the channellzed pattern - 
1s that of many more or less cxcular depres$lons noted III plate 51 

In the lntermed~ate SubdIvIsIons of t,e High Plains the characterlstlc 
pattern 1s generally associated ?nth somb of the mayor streams crossing the olains 
from west to east In these areas, closely associated mth the stream channels, 
some of tne mantle hzs been rvroved by ei-oslon Here, vr-thin a distance of a few 
hundred feet up to a few rules may be found the preservec Tertiary mantle on the 

5At the tune of wrltlng none but the prellmlnary field work has been done on 
au-photo analyst of 5011s of the filled valleys and the Great Plains outwash mantle 
Field noi-k under way 1s expected to provide the detals necessary for such analysis, 
and for that reason the InformatIon presented here has been lunlted largely to the 
general conslderatuns of terraln, and does not include axphoto details - - Ed. 



uplands and progressive denudation of the underlpng materials as the stream valley 
1s approached (plate 53) Wlthln short distances a wade variety of materials may 
occur as 1s mtnessed in aerial photographs of these areas (plate 53) The 
relatively porous mantle of the uplana shows no lndxatlon of bearock underlying 
It and they may be considered as having the same pattern as that found In one of 
the first two classlflcatlons However, in the area between the uplands and the 
alluv~~al ~011s adJacent to the rivers, erosion has exposed the matermls and 
weathered to the extent that the natural slopes that they have assumed are In 
harmony mth thex piiyslcal propertxes These are often highly dIssected and 
present an extreme contrast to the allux~um and to the level upland. 

Sectlone where the material has been entirely removed can hardly be 
classlfxd mtb the Tertxry mantle (plate 54) Although these ml1 contan a 
mde variety of land forms corresponding to the type of rock that has been exposed, 
It 1s necessary to discuss them since they are so lntlmately associated with the 
plans materxils 

Seldom are these materials found tllted at steep angles, so that when 
erosion of these strata occurs, they bear a strong resemblance to the land forms 
described In the sectlon on sedimentary rocks In horizontal nosltlons Here, as 
In other areas, the clay shales assume soft, gently rounded slopes and the more 
reslstant lImestones and sandstones form abrupt breaks In the pattern Occasionally 
dykes and related forms of igneous rocks may be seen 

Surface Dramage. In the areas of gently undulating relxef there 1s very 
little surface drainage of the priory type since the light ranfall characterlstlc 
of those areas 1s generally absorbed by the solI mantle. In the plate (51) shwng 
the Ogallala formatlon, the prunary dralnage system 1s unusual In that It concentrates 
water In the depressIons, seepage Into the sol1 and evaporatlon account for the 
total rainfall Where the Tertiary mantle has been removed and steep slopes are 
common, the high percentage of run-off due to these steep slopes creates very active 
surface dralnage and erosion In these instances the surface dralnage pattern 1s 
not so Important sake the weathered slopes of the different materials are easily 
observed and have a slgnlflcance erectly related to their physlcal propertIes 

Frosmn In these areas two types of erosIon are encountered, occasionally 
they are found In dx-ect assoclatlon Wind erosion, formlng sand dunes and slit 
hills, 1s very active In many alstrlcts and these two land forms have been covered 
In the dlscusslon of aeollan soils Water eroson, where It occurs, 1s particularly 
lndlcatlve of the texture and proflle, since It not only provides gullies for a 
study of their shape, but also gives an opportunity to study the texture of the 
materials of alluvial fans at the bottom of the slopes. Fig 69 shows that the 
characterlstlcs of gullies In hurmd clxnates do not apply uniformly to gullies In 
the arld reglons Here It 1s necessary to place more emphasis on the shape of the 
gully mth respect to Its posltlon In the watershed, slope of the channel, and 
whetPer the material 1s of recent @rIgIn or partially consolidated and cemented by 
callche 

m Occaslorally color 1s one of the weakesi elements In the sol1 
pattern In some Instances It folloas a very close rela;lonsh:p with the texture 
and/or nolsture In nany areas where there are varlatlons ln the sol1 It will be 
notlced In plate 51 that the bottoms o? the depresslox are extremely dark wnen 
compzred rvlth the slightly llgnter color of the higher areas In these sltuat:ons 
It ~111 Le iound that the sol1 In the bottom of the depressions has a much higher 
clay content than the ?.dJacent lqht gray ~011s However, In vast areas where 
the Taterlals are well-draIned internally, as well as where w1r.d actlon has Frovlded 

'. 

recent coverIng, the color pattern wrll be corflned to only slight varlat;ons In 
shadlrg, representIng varlatlons that are xx?lgnlflcant In the lqht of present 
Inforw.t:on ;uhere the Tertiary mantle has been removed 1: 1s not uncommon to 

T 
bserve red colors that are assoclited with some of these consolidated materlais. 
he light colored fringe that 1s assoclaued with erosion In many of these areas 1s 

tn Indlcztlo7 of the cailche formIn.-- In tie subs@11 The relative abruptness of 



the slopes associated mth thx, eroslo" 1s a" lndlcatlon of Its depth and degree 
of cementation 

Vegetation and Land Use In exarmnlng these materials in the more dry 
clxuates, the sol1 moxsture condltlons are uniform and there .seems to be little 
sqnlflcance 1" the relatIonshIp between plant growth and sol1 texture The 
mqorlty of plants in these area are of the grass and low shrub variety There 
1s a dlstlnct relatIonshIp between local ai-eae of seepage water and exceptionally 
lush growth of come species of mouture loving trees, this 1s not necessarily 
related to sol1 textue In these areas land use 1s almost entu-ely conflned to 
grazing and therefore 1s of little slgnlfxance Gram crops are also common but 
they do not add appreciably to the lnterpretatlon except that they lndxate sorre 
small degree of sol1 mov&ure preference over the drier areae 

Typcal ProfIle The typlcal proflle can hardly be developed for this 
area The mde varlatlons that occur in texture both vertxally and laterally make 
It lmposslble to establish any one proflle as typIca 

Problems The lnflnlte variety of textures and water condltlons I" the 
plans makes It unwise to attempt a generalwatlo" on en~neermg problems Pow- 
evei-, by examlnatlon of the photographs the small localized areas of ground mater 
can be ldentlfled tie" present and considered from the standpolnt of theu relation- 
ship to the texture of the SOIL and the contemplated englneerlng structures One 
of the most lnterestlng problems that 1s yet relatively new 1s that created when 
a large unpervlous surface such as a runway 14 constructed 1" these dry clunates 
There 1s evidence that after some period of tune the protection afforded by the 
impervious surface cuts off evaporation and perrmts mouture to collect 1n the 
subgrade either by capillary action or by vapor transfer 

Land form The Lana form of, and that sssoclatec mth, fllied vzlleys 
conslets oz high upland areas, usual;y ?ountalnous =n character, on atPer one or 
both sloes oi z unde valley I" the sense that these Land forms are referred to 
lr thx report, they occur only I" the arld southwestern and wesfern sectlons cf 
the country The sqnlfxance of the arld climate 1s great because of its Influence 
o" vege',atlo" and the characterlstlc ranfall that occus I" aria regions T>e 
lack of coinplete vegetatwe cover crrblned mth the Intense ranfall maies eroslo" 
extrer,eLy active Therefore, the mountains thir. are largely devoid cf vegetation 
and are blghly dIssected by eroslo" that 1s contrlbuxlng the materials to :he fill 
1ng of the central valley 

This land form, illustrated I" plate 55, x,cludes two dxtlnct dlvxaons 
The fuet occurrIng in the mountainous zone 1s that characterized by erosion and 
the second lncludlng the lower valley reglon 1s being bult up by the deposltlor 
of the materials eroaed from the higher slopes. Tne latter 1s the Important zone 
to those concerned mth the construction of airports 

Surface Ei-dl"age The dranage pattern developed I" these areae follows 
somewhat the same dlvlslon described above In the area where the materials are 
being cut down and removed, the dranage pattern l~lll vary depending upon the type 
of rocks that form the mou"taln In the zone of deposItIon the dranage pattern 
undergoes a constant change from the upper margIn of the deposltlonal area to the 
central SectIon of the basin. At the upper margIn, the general lane slope 1s still 
sufflclent to malntaln a rather sunple dranage pattern The waters descending from 
the uplands are seldom Increased I" the Lowlands by local ranfali Therefore, I" 
the upper margIn of the deposltlonal zone the channels are formed in coarse alluvial 
mater1a:s These channels are characterlaed by steep sides and =n many Instances 
thejr are fairly well eetabllshed 

As the gradlents of the streams decrease toward the central area, channels 
have more of a te"dency to veanaer, elnce It IS here that deposItIon of IntermedIate 
(and predormnant) textures occur Also It 1s I" thu area that much of the water 
1s absorbed in the sol1 to form a relatively shallow ground-water table As the 



central zone 1s approached the average size of the materials deposlted becomes 
ucreas~ngly fine. Often surface water reaches these areas only during brief 
seasons of the year At these tunes lakes form and the fine textured sediments 
settle out and the water disappears by evaporation When no lake 1s present there 
may be seepage lines In local parts of the valley where ground water 1s forced to 
the surface by 1mpervlous strata of lacustrlne orqqn 

1s an 

areas 

Ei-oslon Eroslo" by water In the valley proper 1s very slight since It 
area of aepos~t~on Erosion by mnd 1s the chief type observed m these 

Normally the mnd vvlll gather loose sanae and form groups of dunes that 
~lll move across the level areas sometunes creating sharp contrasts In texture 
mthln very short autances Fortunately these can be ldentlfled easily m aerial 
photographs 

Color The lusted amount of work, I" connection -unth this report In 
these areas , prevents any detalled descrlptlon or evaluation of sol1 colors In 
the central valley In Callfornla, however, the response of color to texturai 
changes has been found to be deflnlte as It 1s In many other climates In the 
area uwestlgated, the lacustrlne clays assume a dark color and the fine sandy 
areas adJacent to lnterrmttent streams are correspondingly light 

Vegetation and Land Use A great deal of uwestlgatlonal work has been 
done by others In correlating vegetative types mth sol1 and moisture condltlons 
AddItIonal work planned In this area contemplates the lnvestlgatlon of the vegeta- 
tlve pattern In aerial photographs. Work done by others has shown that vegetative 
types lndlcate the relative depth to ground water and the presence or absence of 
alkalies III the sol1 In photo-mterpretatlon It has been found that where these 
two condltlons are defunte, then the vegetative pattern formed by the plants 
that correspond to these condltlons can be Identlfled At the present stage of 
development this 1s an element of the pattern that, when combined pilth color and 
knowledge of tke formatlo" of alluvial deposits, must be used as a basx for 
second order Inference of sol1 condltlons 

Typical ProfIle and Problems. The mde variety of textures both In area1 
and vertical dutrlbutlon makes dlscusslon of a typlcal profile Impractical. Here 
the Influence of surface flow 1s important and the protection of engInewIng 
structures against erosIon and deposltlon 1s paramount Since It 1s often necessary 
to avoId the low central areas because of perlodlc flooding, axports may, on 
occasion, be placed on the gentle slopes above the lacustrlne area In these 
sltuatlons changes =n the channels of contrlbutlng streams and seepage along 
u~pervlous strata ml1 constitute the mqor dlfflcultxes AgaIn the evidence 
shows that construction of a large unpei-vlous surface ml1 pernut moxture to 
collect -edlately under the surface mth the possible softening of the subgrade 
If no provlslon has been made to insulate the pavement from the plastic material 

Recent Alluvium 

Land form Streams are generally classlfled mth respect to age deslgna- 
tlons of young, mature, or old This classlflcatlon 1s readily adaptable to a 
general descrlptlon of the type of streams that are observed I" aerial photographs 

The young streams are those that are eroding their valleys and lncreasing 
the local differences 1" elevation They have constructed only muor alluvuJ 
terraces but have not yet reached the stage where they fLolA entuely mthln the 
conflnes of theu own allunum Mature streams are those which have advanced I" 
age to a point where the stream has constructed flood plax~s and terraces and has 
started to Pnden the valley sectlo" by dusectlon and development of local water- 
sheds adjacent to the maIn valley rather than duect cutting by the man channel 
Itself Old streams are those that have developed imde flood plans ana associated 
terraces These streams are characterized by neanders, oxbows and abanconed channels 
In conslderlng the land form of a stream 1n Its entuety, It 1s often the case that 
the headwaters of the stream ~11 be flomng In a young valley and 111 passing down 



L , 

the river to Its mouth, the valley goes through the more advanced stages of maturity 
and old age In a related mannei- It 1s also conceivable that two streams hating 
the same life spa" ml1 have valley sections that pnll be classlfled I" different 
ages The nature of the area through which a channel flom controls this type of 
class~flcatlo" A stream may be many tunes the actual age of a" old stream and 
yat be consIdered young If It happens to flow through areas of resxtant rock 
Another stream may be consldered old I" terms of valley sectlon eve" though Its life 
spa" may be short, provided It 1s flomng through soft, erodable materials. 

Surface Dranage. Surface draInage developed on terraces and flood plains 
1s slgnlfxant where It 1s obserxd Most flood plans are refreshed from time to 
tune by overflow, a condltlo" that generally removed any surface dramage pattern 
that exists or actually prevents any surface dralnage developent because of the 
short Interval between periods of flooding Therefore, the absence of a surface 
draInage pattern on flood plans 1s not necessarily a" udlcatlon of the presence 
of porous mater1a.1 On eleyated terraces that are above overflax - and these are 
largely confined to at least mature and old streams - the tune Interval 1s usually 
sufflclent to have permitted dralnage patterns to develop 1" proportion to the 
permeabll~ty of the partxular ai-ea In places where r1~ers were once glacial 
channels the terraces ~111 probably be constructed of gravels and sands and I" those 
Instances they are sufflclently porous to have developed a very weak dralnage 
pattern. It 1s particularly uuportant that there 1s a dlfferentlatlon made between 
the true draInage pattern and current scars that are made by flood waters; these 
are seldom connected and rerely represent a local channel mth very httle actual 
aranage area. Current scars are nearly always associated mth areas adJacent to 
the normal strevn chanrel 

Eroslo" Eroslo" on flood plans that are perlodxally refreshed 1s 
seldom observed. The very flat slopes that characterlee these deposits are not 
conducive to rapld runoff and, therefore, there 1s little opportunity for ei-oslo" 
to occur, Wlthln a valley area the prlnc1pal sqns of eroslo" ml1 be observed 
on the valley wall and on the steep sides of higher terraces This 1s especv.lly 
true where surface dralnage IS developed on the terrace and the water 1s discharged 
across the face of the terrace onto the recent alluv-~al deposits. In instances 
where the terraces are high and the faces abrupt, copslderable ei-0310" may have 
taken place to form notched yllxs 

The texture of the terrace material ~~11 be lndlcated by this eroslo" 
feature This, together mth the surface draInage, contributes the greatest amount 
of information on these terrace deposits Where very slight surface dralnage 
patterns have developed and are associated mth short, V-shaped gullies on the 
terrace faces, the observer can be sure that the terrace 1s composed of a weathered 
soil profIle "ear the surface that 1s underlaIn by stratIfled granular materials 
In sltuatlons where the gullies extend for considerable distances from the face of 
the terrace and are characterized by soft rounded slopes, then the texture of the 
deposit ml1 be found to be silty clay 

Color The sol1 colors assocxted with alluvial deposits are lndlcatlve 
of the surface texture but do not necessarQ reflect tne ckaracter of the under- 
1y1ng rrater121 As I" other types af formaLo"s, lqht colors are associated 
-vnth-ihe better dralned sandy and s:lty naterlals whihlle dark grsy areas ~"dlca;e 
fine textures and generally poor draInage Across any one sectlo" of a valley, 
It 1s "early always possible to observe the very light color oi the natural levee 
that 1s bult up by deposits of the coarsest rrzterlal that the stream 1s cz-rpng 
Against the valley wall and at some distance removed from the stream channel drab 
colors of the fme-textured naterlals deposltea I" C,he slack-water areas are often 
seen 

Terraces that are of such age to have develop6d a weathered profIle have 
I" sane Instances dxtuctlve color patterns. Gravels that have weathered to form 
a sandy-clay horizon ?re dxtugushed by rich reddlsh-brown colors that photographs 
a medium gray The mottled effect that 1s associated with gravel terraces is caused 
by the very small local areas through which water percolates most readily These 



areas contam a more advanced proflle development and for that reason have a darker 
surface color, thus glvlng the effect of mottling not assocxiteo mth the maJorlty 
of other deposits 

Vegetation and Land Use Since these areas a-e chxfly devotee to agrl- 
cultural use, vegetation has little slgnlflcance except locally where It marks wet 
snampy areas Usuzlly, the land-use pattern 1s slgn1fxa"t since by either the 
absence or presence of dranage mstaliatlons It 1s possible to evaluate the poro- 
slty of the profIle One of the most common features assoclatea alth poorly draned 
terraces 1s the dead furrow developed by the farmers' methoo of plomng, leaving 
these shallow furrows to function as open draInage channels Figure 75 and plate 
43 eve the ground and alp appearances of this type of draInage. 

TyplCd Profile It 1s Impossible to establxh a typxal proflle for 
this vnde variety of materials It can be take" for granted that the profIle at 
any por,t ,a11 contan evidences of stratlf1cat1o" that are causea by changes 11, 
the relative posltux, ol the channels as well as progressive development I" the 
ei-os~on of the watershed It 1s almost a foregone conclusion that in old stream 
valleys and I" areas that have been glaciated, the material I" the proflle ml1 
contan ~ncreas~n@y large amounts of granular material mth lncreasxig depth 
Reference to the dlscusslon under the heading of Recent Alluvium (chapter VI) ~~11 
provide a better understandIng of the varlatlons caused by age, the characterlstlcs 
of the watershea, and local mfluences. 

Fi-oblems The engu-,eer=ng problems assocIatea -with allu~um are generzlly 
relatea to the texture of the materm and the water condltlons created by both 
ground water and iloodlng Because of the generally level terra", cuts are 
rather Infrequent except m passing from flood plans up into terraces and thence 
Into valley aa11s The locatlan of an arport 1s seldom made 1" an area subJect 
to flooding unless levee protectlo" 1s provldea. Where borrow material 1s requued 
for runway fl:ls or the constructlo" of levees, the reconnaissance of the local areas 
~11 provide the locatva" of a mde variety of textures 



CHAPTER XIII 

APPLICATION OF THE DATA TO AIRPORT DEVELOPMENT 

The lnformat~on presented 1" this report dealing mth ~011s and techniques 
for determlnlng sol1 characterlstxs from aerlal photographs and other ads has 
practical applxablllty to several fxlds of englneerlng For use 1" axport and 
hIghway en~neerlng a new technique 1s r,troduced, which, after It has been further 
developed and explolted, 1s expected to provide new tools lmth which not only 
detalled reco""a=ssa"ce for location can be made rapldly, but by tilch tentative 
cost estimates and eve" pavement designs may be proJected The locatlon of con- 
structlon sand and gravel by means of the alrphoto technique 1s of obvious value 
I" all types of constructlo" 1" whxh these materials are utrllzed Excavatu3n 
estxnates can often be wade mth accuracy from axphoto ldentlfxatlon of the sol1 
and rock characterlstlcs, and frequently the propertles of ioundatun materials, 
lncludlng those at dam locations, as well as seepage zones and areas of artesian 
flow, can be deterrmnea xrlth rellablllty by use of the u,format1on and procedures 
discussed I" the precealng chapters 

The potentul value of these data and techniques I" connection with alrport 
design and constructlo" becomes unmedv.tely apparent to the reader Howsver, Its 
use 1s by no means conflnec to the canstruct~or and design phases of a-port develop- 
ment o It 1s probable that eve" greater total econormes may be accompllsbed of 
l"formatlon on ~011s can be utlllzed I" the earllest stages of development when 
the auports are bang planned and the sites are bang selected I" the past the 
character of the sol1 at a" axport site has been, at most, a mlnoi- conslderatlon 
I" selecting the locatIon, and I" the great maJorlty of cases this factor has not 
oee" consIdered at all I" site selectlo" Sod borsngs, for example, are not 
obtalned until the Indlvldual site has been selected and the runways have been 
actually lad out. As show" later I" thz chapter, the character of the sol1 on 
which a" axport is to be built may affect the cost of the auport by large amounts. 

The development of a munxlpal axport, othw than one establlshed for 
rmlltary purposes or emergency landings, should be based upon three sclentlflc 
studuzs Fxst, a" urban arport plan for the munxlpallty and Its environs should 
be prepared Thu should be based upon a thorough econormc study of the air- 
transportation requrements of the entare community and, If properly made, ~111 
include the location, ""mber, size, and class of all axports needed I" the fore- 
seeable future The second essential 1s B site-selectlo" analysis for each of the 
alrports included I" the urban plan This must be based upon a balancing of all 
costs Including, of course, such mayor cost factors as those of pavements, drain- 
age, grading, and turflng which are closely related to sol1 condltlans The 
thud requrement, procedure for vrhxh 1s better establlshed than for the fu-st 
two, IS a" englneerlng design and master plan for each of the lndlvldual auports 
after the sites have been scientlflcally selected by means of the fust and second 
stlxhes 

During the war, the urban planrug of a group of au-ports to ~ei-~e all of 
the avxitlon needs of a community, and the development of sclentlflc methoas for 
site selectlon mth respect to all econormc considerations were relegated to roles 
Of INnor importance In the preparatun of a national plan of alrports It 1s 
recognized that these problems are yet to be solved, and f,rthermore that a large 
part of thx work must be done by local and private engineers The Natlonal 
Axport Plan (House Document 807, 78th Congress, Second Sessxx~, 1944) emphasizes 
ti-at the arports llsted theran have not been located, and of course engineering 

/ plans have not been prepared for them This was clearly set forth I" the letter 
transnnttlng the auport plan to Congress, I" which the Acting Secretary of 
Commerce stated 

"AIrport requrements for most metropolitan areas 
are subJect to change as the planning bodies for such 
dxtrlcts complete conprehenslve munlc~pal surveys. 
Also, many znlltary axports undoubtedly ~111 be 
made avaIlable for clrnlla" use eventually Both 



conslderatlons ~111 make necessary rev1s~o"s 
of the plan to conform mth the policy fmally 
establlshed. Attention 1s called to the fact 
that "a attempt has been made I" the report to 
select sites. This was necessitated by the 
exlstlng llmltatlons of tune, personnel, and 
funds, and as well by our convlctlon that this 
phase should be worked out I" close collabora- 
tlon mth State and local agencies 'I 

It 1s obvLous therefore that nuch xork remains to be done by private, local, 
and State englneerlng organlzatux,s in preparing urban axport plans and selectmg 
sites on a" e"@"eermg basis, as well as I" the more generally understood tasks 
of design and constructlo" Ths 1s not only true 1" co""ectlo" wltr au"ports 
Included I" thu NatIonal Alrport Plan, but also mth respect to those which ml1 
appear 1" its a~ual I‘BY~S~OIIS and those several thousand axports xhhlch It 1s 
expected rvlll ultunately be developed mthout asslstance from the Federal Government 
In this rapId expanslo" of the natlon's axpart facllltles It 1s to be expected that 
some important factors such as sol1 characterlstlcs nught be either overlooked or 
lightly consIdered Although sol1 1s not the only factor uifluencu,g the economy 
of the a-port, It 1s one of the most important conslderatlons, and I" many instances 
may be controlling. In the future these private, local and State agencies which 
lnll perform most of the technlcal dIrectIon far alrport development ml1 find It 
possible to effect mayor econormes by cons1derl"g this sol1 factor I" all planmng, 
site selection, and desqn It 1s expected that the technques presented 1" this 
report pnll prove to be of tangible value to practlclng en&news and to theu- 
communltxs I" thx program, especxilly rtien applied to local sltuatmns after some 
of the generalltles necessarily presented here have been modlfled by local trial 
and verlfxatlon. 

ting to the great cost of au-port pavements, excavation, and storm 
draInage facllltles, and the almost complete dependence of these costs upon sol1 
propertIes, the sol1 assumes relative unportance which may be greater than any 
other slngie factor or group of factors lnfluenclng the Urban Axport Plan, the 
selectlo" of the sites and the economy of each axport. Illustrative of the high 
relative cost of these three Items of expense are the values give" I" Table III for 
forty representative arports of classes 2, 3, and 4, selected at randmr from a 
group of several hundred throughout the Unlted States 

TABLE III 

COM5TRUCTION COST, ZXCLIJSIVE OF IAlD 
AND TERMINAL BUILDINGS. OF FORTY REPRESENTATIVE 

AIRPORTS IN TfiE UhITED STATES 

The urban m-port plan and the National Airport Plan should be correlated, 
and one made a part of the other In addltlon, the dx,trlbutlon of au-uorts wLthln \ 
the urban plan must necessarily conform to established requirements for au-port 
spacmg and obstructmns 1 It mght seem, therefore, that there would be very little 

*A-Pi-port Desq" Information, ClVll Aeronautics Adnunlstratlon, 1944. 



freedom of choice w.th reference to sol1 characterlstlcs if the urban plan contained 
more than two or three ax-ports. Hmever, with the need 1" medium and large cltles 
for segregation of air traffic Into four oi- five categories, each of whxh ml1 
except upon emergency, be required to use a certain type of axport, the load- 
supportr,g characterlstxs, dralnabllity and stablllty of the ~011s at the several 
sites may deterrmne the best use to whxh each site can be put For erample, a 
pavement deslgned to support heavy shape could be constructed on a granular location 
(one conslstlng of sand or gravel) at B cost of several hundred thousand dollars 
less than one located on a clay site, as show" I" a subsequent example in this 
chapter. Conversely, turf, which 1s being widely advocated for surfacing of aIrport 
runways that are to be used by light planes, may be established and malntalned on 
a clay loam sol1 at normnal cost although It might be very expensive or perhaps 
xnposslble to establish the turf on the granular and iiell-dra~ned site because of 
the defxlency I" moisture necessary to eustaln plant life and the continuous loss 
of plant nutrients by leaching through the sand and gravel Here then the location 
of the two arports might be adJusted mthln the urban plan to the f~nanclal advant- 
age of each on the basis of the so11 characteristics, If other factors perrmtted. 
Although more use of thx lnformatlo" can be made 1" co"nectlon mth the selectlo" 
of the x,dlvldual site, It should not be overlooked that vast areas can be mvestl- 
gated accurately and I" detail for the overall urban plan by means of the airphoto 
techniques and other lnformatlon presented MI this report. This degree of coverage 
wuuld seldom be poeable If lt wei-e necessary to make a thorough field mvestiga- 
tlon lncludmg sol1 sampling at each of the possible sites. 

Probably the most valuable use to whhlch the axphoto techniques can be 
put m connectlo" mth a-port englneerlng 1s I" the selectron of a" Indlvldual 
site for an alrport of pre-determlned s=ee and class. This selectlo" procedure 
Is not unlike the solution of other engineering problems, I" whhlch the "umber and 
refinement of unknowns that can be deterrmned are I" proportion to the number and 
refinement of the knowns. If the x,vestlgator has extensive knowledge of the tspe 
of terra" and sol1 exlstlng at sirmlar locations, Including laboratory analysis 
of slmi1e.r sol1 samples, and If he can posltlvely ldentlfy areae having these 
know" characterlstlcs frw the airphotos, It follows that he can deterrmne the 
sol1 characterlstlcs in detail Conversely, If this ground information is not 
wallable much less detail can be obtalned from the techniques here described 
Thxs IS directly I" line mth the hmothesls on which this work 1s based, as stated 
I" the foreword of this volume 

The fxst step 1s ho determIne the mayor so11 areas that ml1 be encountered 
This 1s done by referring to the accompanying sol1 map (plate 1) Second, all 
available lnformatlon on this sx~lar sol1 areas 1s obtained. Sources of thx U- 
formata," mll be found 1" that portlo" of the text of this publxatlon dealing 
mth the partrcular sol1 areas Involved (chapters II to VII) and I" the references 
contained III the blhllography Third, mth this background of knowledge and by 
frequent reference to the A-Lrphoto Sol1 Analysx Chart, the county photographIc 
Indexes oi- other photographIc mosaic of the entlre vlcln1ty I" questlo" are studled 
for the lnalcatlons of sol1 condltlons Continuous reference to the text and 
lllustratlons of this report v~lll be necessary at this time, as many of the ZIP- 
photo techniques and x,dxatlons can be applied to the county photographIc Index 
sheets Fourth, for those areas for whhlch addltlonal detail 1s desired and for 
nhxh stereoscopx coverage 1s needed the lndlvldual alrphoto contact prints are 
requxed. These can be obtaned by reference to the photo index sheets From the 
contact prints the details of the terra", and thus of the soil, ml1 become evldent, 
and If desired, a sollmap of the area sxn~lar to Fig 83 can be prepared. 

As a" example of econ~rmes whstch can be effected 1" some cases by means 
of these methods, the folloning application 1s presented As stated in the fare- 
lord and as repeated in the lntroductio" and elsewhere, It is agal" stressed that 
the use of topographx, geological, and soil maps, and resort to all available 
sources of data are recommended 1" addltlon to the use of these techniques. In 
fact, the method Is often more useful where other dab?. such agricultural sol1 maps 
or results of soil borings are also consulted than in Isolated areas of the world 
where ground information 1s entli-ely lacking As also previously stated, there 



are a great nany factors other than sol1 which influence airport costs and site 
se1ect1on 

Selectmn of an Alrport Site for a Midwestern City 

Problem. A nm class 4 avpart, consutmg of 5,500 foot runways having 
supportmg capacity for 74,000 pounds uheel-loads 1s to be developed mltully. 
The alrport 1s to be mthm eqht mles of the center of the city. If the center 
of the new ax-port 1s closer than SIX rmles from that of the exmtmg class 2 
private-flylng airport, a nem location must be provided for this smaller field 
Wind coverage of 90 percent 1s to be provided m accordance mth alrport sllie plan- 
nmg standard&, from whhlch It 5s detei-mmed that runways in three dlrectlons (N-S; 
NW-SE, and NE-SW) are satisfactory Estimates of pavement costs are to be based 
on CAA sol1 classlfxatum7 shm in Table IV 

% eslgn Manual for Alrport Pavements, Clvll Aeronautxs Administratw,, 
U. S. Department of Commerce, March 1, 194.4. 

7A,,port Desqn, Civil Aeronautics Administration, U. S Department of 
Commerce, April 1, lWJ,. 



Solutmn of the Problem. The sol1 map (plate 1) shows that the area is 
located withm the Wmconsin glacml drift of western Ohm. Referring to chapters 
V and XI of the text It 1s determned that the follmng sol1 formtmns my be 
encountered in the Wisconsin drift (1) upland morainic areas of rolling to 
hilly relief m which the soils vary mdely mthm short dxtmces and are generally 
plastic In the low area and more granular in the higher land; (2) upland glacml 
till plans which Sre flat to rolling and consxt of plastic clays and silty Clays; 
(3) elevated glacial terraces, Some of which may be entirely granular, and others that 
consmt of dmft-covered or alluvium-covered rock terraces; (4) glacial and past- 
glacml channels and outwash areas fllled mith glacial debris, terraces and recent 
alluvium; (5) lmstone areas covered thmly tith glacml drift; and (6j rmscellaneous 
areas, such aS rock outcroppmgs, eskers, kames, and rock terraces. 

The county index sheet shown In plate 58 1s selected for this 1llustratmn 
because all of the SIX glacial formatums make their appearance In this one Ideal 
eX=Dlple Cm plate 58 the follomng features are readily apparent the smooth and 
rather narrow area extending from the north center of the Sheet soJthward through 
the westward edges of the city and southwest 1.3 a fllled stream valley occupying 
the lowest topography and conslstmg of recent alluvium To the northwest of the 
Stream the area hax?ng a mottled pattern consx'ts prlhc1pally of a moraine of 
hilly glacial drift such as 1s shown on plate 35. To the east of the stream channel 
and north of the city the Index sheet discloses many slnkholes whhlch Show that 
l-stone LS present at shallow depths beneath the thin glacial drift (plate 13). 
Throughout the eastern and Southwestern portion of the photograph numerous smooth 
appearing areas are observed These are In n-regular smeeplng svnwE'-appearing 
bands, often bordered by rugged appearing areas such as that the west of the exut- 
Ing axport shown In plate 59 These areas are low, soil-covered, iranular terraces, 
while the more rugged SdJacent areas consist of drift-covered rock terraces Just 
to the northeast of the city there ~~11 be observed an area about 1% rmles In extent, 
which has a general rectangular shape and appears to be an elevated granular terrace 
In the south and southeast portlons of the sheet we find the dlstlnctlve mottled 
appearance that 1s characterlstlc of the glacial till plans Such as those described 
In chapters V and M and Illustrated In plate 36 and the Au-photo Analysis Chart. 
At the extreme southwestern edge of the Sheet, Just south of the ralroad and small 
village, 1s a second elevated granular terrace sun~lar to that northeast of the city. 

Based on the foregoing indxatlons the following tentative conclusions SrS 
drawn prior to the study of the lndivldual aerlal photographic contact prints The 
elluvlal valley (shm on figure 83 as Srea "AL") ~11 be subject to flooding as 
evidenced by the overflow channels and surface erosIon seen In the vlclnlty of the 
numerals "EGA-Z-100 " Nevertheless, the parts of this area nhxh lx In the close 
proximity of the city should be Gven detalled Study because of the econormc 
advantages which they offer over more remote sites The moralnx area to the north- 
west ml1 requre heavy grading and excessive excavation, but In keeping mth the 
principle of locating the axport on the most econormcal site, rather than Sunply 
on level topography, the parts of this area lying close to the city may, If deared, 
be further studled by mSanS of contact prints Both of the elevated granular terraces 
should be studied In detal as they offer the best sites for pavement and dralnage 
eoonomy The terrace just northeast of the city IS adwntageous because of Its 
proxlrmty, but mrght requue mavlng of the exlstlng auport, whhlle the converSS is 
true vlth respect to the terrace at the southwest edge of the area Sites m the 
vlclnlty of the present ax-port and other lcm granular terraces to the east and 
southeast ~TI close proxurmty of the city should also be studled from the contact 
prints Because of the level topography and the close proxuoity to the center of 
population the glacial drift plans to the South of the city should not be reJected 
altogether, even though pavement and dralnage here nil1 be very expensive, and the 
cost of this land ml1 probably be highest y1 the vlclnity, oKlng to its agrxultural 
value 

Pursuing these prelirmnary conclusuxns further, the contact prints are 
obtained and studled, and from them the sol1 map of this urea (fig. 83) IS prepared. 
If, as previously suggested, knowledge of sol1 profIles on &&&r soils (LTB avail- 
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able - es they are in thm case - typical sol1 PrOfilSB of the area in question 
can be prepared as show" in fig. 84 The detailed study of the airphotos and 
information I" the text provide the follmlng information. 

Area "A" - Moramlc (Hilly) Glacml Drift The ~011s of thx mea are 
derived from elacml materlals and reDresent the tvmcal nattern of the Timconsin 
moralnlc areas (plate 35) Here the :olls are "ot":uffx;ently deep to be x,fluenced 
by the underlying limestone In these mora="lc areas (fig U+) the parent material 
IS classed as E-4 and E-5 (table 4) The more rolling areas have developed shallow 
proflles that vary from top sol1 to E-6 or E-7 I" the "B" horizon, and to E-4 and 
E-5 I" the parent OI- unweatherea portlo" of the profile I" the depressed areas of 
the upland morame, the surface ~011s are see" to be darker and the subsurface 5011s 
are known to be more plastx and to have a deeper weathered profIle than soils in 
the rolling-topographic class Their texture 1s suralar to that of the flat to 
rolling till-plan (E-7) They are not as extefisive 1" area as the till plan., 
and usually contan many shallow draInage ways The plastic "B" horlwn consists 
of E-6 and E-7 sol1 and 1s t-o to three feet I" thxkness Pavement design would be 
made on the basis of the poorest 3011, E-6 or E-7 (xth good draInage). Otherwise, 
since the sol1 texture 1s hlghlyvarlable wlthln short distances, It would be 
necessary to vary the design and pavement thickness contlnouously, which would seldom 
be economical, under usual practice. 

Grading would be farly expensive, although no rock would be encountered, 
and balanced cuts and fills with short haul, whxh rould be possible because of the 
rolling terra", would reduce the unit cost somewhat Compactmn of embarxkments 
should be under the most rigid control because of the highly variable character of 
the fill material It would be necessary to provide surface drainage for all areas 
and the pipe sizes would be large because of the relatively low infiltration capacib 
of the ~011, but because of the many available outlets the cost would be lessened 
somewhat 

Along the valley walls of the river the drift 1s somewhat thinner with rock 
outcrops in many places These ai-e shown on the map (fig. 83) as a mixture of area 
nA" and area "Bn symbols. 

Glacial Drift on Limestone. There are two areas of glacial drift on lime- 
stone 1" this vxlmty These have been separated because of differences I" their 
mode of depasltlon and their topographic position and the depth to bedrock The 
fust, which has been designated area "B" on figure 83, consists of relatively thrn 
glacial drift on lxnestone and contans numerous sinkholes The second, which IS 
designated as area "TR", occurs as a drift-covered rock bench or terrace. In 
topographic posltion it lies between the granular terraces and the deep drift uplands 

Area "B' - Thin Glacul Drift on Limestone Ttis erea Is located north of 
the city and east of the x-IVBI‘ valley The area contains "umeroue conspicuous sink- 
holes nhlch 1ndlcat.e the presence of limestone near the surface The relief ia flat 
to rollmg; hence, two representative profiles are shm I" fig. 64 I" the more 
rolling areas limestone may occ"r at depths from four to ten feet and the soil is 
influenced both by glacial drift and limestone In the depressed areas "ear the 
sinkholes the soils are shallow and more plastic, bang influenced more by the rock 
Plate 13 is a" airphoto clearly showing sinkholes mhich occur only in these areas of 
soluble luxestone It can be see" that these s~"kholes have numerous gullies drain- 
mg Into them, and that the area surronnd~ng them IS quite dark. Both of these facts 
lndxate that the limestone has been covered by a" ""associated material, as residual 
limestone soils are naturally porous due to theu open structure which develops a 
free draining sol1 with a" absence of surface gullies. l-"e glacial-drift soils are 
relatively lmpervlous and contan V-shaped gullies This area contains all of these 
elements, which shows that the area is glacial drift on rock The shape bf the 
stream valley and the sharp right angle turns in the channel also lndxate the 
presence of eti-atifled rock. 

The limestone areae to the north of the city present favorable eltes except 



for the excessive cost of the rock excavatlo" Although accurate estxnates of this 
cost would requ~e topographic analysis of the air photos not Justlfled 1" this 
report, this cost would probably amount to several hundred thousand dollars for the 
Class 4 arport under conslderatlon. 

Areas "TR" Rock Terraces These terraces consist of glacial drift or stream 
deposits or both on a gently sloping rock bench or shelf In posltlon they are lower 
than the uplands and hlghpr than the stream terraces. There 1s a gradually r?.slng 
ground slope from the stream to the upland. These terraces were probably fonred by 
laterlal planatlon of the stream at a time -hen the stream was much larger Bock 
terraces occur on lmestone I" this area, and in some sectlans a few sr,kholes are 
present, wblch lndlcate B shallow cover as compared mth the more rolling areas where 
the depth to rock is greater These terraces are not flat since they are covered by 
a rmxture of drift and stream alluvium 

The rock terraces contain elements often assocx,ted lrlth upland drift areas, 
elements found in alluv~l deposits, and elements found 1" lxestone areas some of 
these are the presence of sInkholes, the topographic posItlo" conslstlng of a shelf 
oi- bench-like fornatIon; the presence of ripple marks; upland dlssectlon I" rolling 
areas, and the absence of gullylng and dlssectlo" I" the flat areas These, together 
with the gradual ruse I" elevation from the stream to the upland, tend to class the 
formatlo" as drift and alluvium on rock 

Alrport canstructlon on these areas ml1 be slmlar to that on area W, 
except perhaps that these areas are generally smaller and frequently can accommodate 
small arports only However, the area vmnedlately east of the southernmost part 
of the city, and one three miles due south of the present alrport, are sufflclently 
large for the airport unaer conslderatlon, and because of proxxnlty to the city the 
first of these offers good posslbllitles for total econacr 

Area "C' - Till P&UX - Flat to Roller Glac~l Drift Although the sol1 
characterlstlcs of the glacxl till plans are slightly variable throughout the 
'W~consm drift (Dlate 36). becomlnn shallower and less ulastlc toward the west where 
ralnfall 1s somewhat lo&; I" general the proflle shown-l" fig. 84 preva113 1" these 
areas The color contrast between the white silty clay of 'r&e slightly elevated areas 
and the black piastlc clay of the depresslo".? 1s one of the most conspxuous dlstlngmsh- 
Ing features see" on the ax-photos 

These ~011s are developed I" upland topography of low relv.?f varying from 
level depressIons to perhaps six percent slopes The pattern 1s common of upland 
areas of deep Wlsconsln drift The depressed areas, whhlch a-e two to five feet 
below the bIgher land, are extensive, and contan the darkest, most plastx, and 
most deeply weathered ~011s of this group. The top soil 1s organic and usually extends 
to a depth of 12 to 18 Inches This 1s underlax, by a plastic layer of yellow to 
gray mottled clay of E-7 to E-8 class, extendlng to a depth of 36 to 48 Inches. The 
parent material 1s of E-4 and E-5 class and conslsts of unweathered slit zath clay, 
sand and calcareous gravel particles The ~011s 1" the higher parts of the rolling 
areas are light I" color and better draned lntei-"ally than the depressed ~011s me? 
are of E-5 and E-6 class The weathered profIle conslats of a few inches of silty 
top sol1 on a two-to-three foot layer of E-6-7 so11 conslstr,g of clay with slit and 
sand underlaIn by the E-4-5 slit with clay, sana and calcareous gravel partxles. 
Not mfrequently, the sane. contained in the lower horizon exists I" layers, or lenses, 
a few Inches thick. Where thxs occurs free water may become trapped I" these layers 
snd cause much damage 1" regions of severe frost. 

Area "TG-2". The Low, Soil-Covered-GranularStream Terrace (plate 59) This 
terrace formatIon covers considerable area 1" this vlclnlts. In "oation the terraces 
are higher than the alluvium or flood plans of the stream; and 1*&r than the elevated 
terraces designated as "TG-1' The terraces contaln granular material that has bee" 
covered by stream alluvium and sedxnenxs lAashed from the uplands The depth to granu- 
lar materz.1 vai-les from three to perhaps ten oi- twelve feet Smce the soil cover 
I" some places appears to be quite organic and of an lmpervlous nature, It folloas 
that It mas deposited under slack-water conditions I" the low and dark-colored 



depressed areaa the cover 1s deep and consists of mpervlons organic clay of E-7 and 
E-8 class The lighter colored areas are slightly higher I" elevatm" and have a 
three-to-four-foot layer of fine sand and silty clay on the granular material The 
natural draInage of the llghtar and higher areas 1s better than that of the dark, 
ponded areas. Because of these varlatlons, the profile representative of soils in 
thx group 1s dlvlded to illustrate both condltlons (fig. 84). 

Certan elements make It possible to ldentlfy the soil characteristxs 
ccmmcm to this formatlo". First, the ai-ea 1s waterlaid as It occupies a broad, 
flat posltlon I" a valley and contains "umer~us flow marks due to current action 
Since the area IS 1" a elaclal valley. the floor of which IS granular, and because 
there IS an absence of medium and large streams, the subsoll 15 Indicated to be 
p0i"o"s Holrever, the soil cover?.ng has erased the granular pattern and contains 
Instead a relatively Fmpervlous patter" rhlch 1s evidenced by a network of fine 
surface drainage ways and dark depressed areas. Obviously, the water table in these 
terrace areas waas omglnally high, but because of the texture of the subsoil, 
artlfxlal dralnage I" the form of open ditches has been efficient I" lrmerlng this 
water level and perrmttlng profltable uee of the land. The spoil banks on most of 
the ditches appear as white lines, offering further evidence of the underlying 
gra.""iar mater1a1. 

mere the sol1 coverIng 18 thin, and where flooding by nearby streams 
~111 not occur, the low granular terraces offer very good airport sites I" pave- 
ment and dralnage economy they are probably superior to all other formations 
in this vicinity except the elevated granular stream tsrraces "T&l" Plate 59 
shcms the contrast between one of these areas on which the present airport is 
located and the nearby soil-covered rock terrace. 

Area "TG-1" Elevated Granular Stream Terrace (plate 60) Terraces of 
this hnd were formed by deposItion of granular materials frma large quantities of 
glacxll-melt water These terraces are lo~ei- than the uplands and higher then the 
flood plans of the present stream. They consist of granular materials and are 
well draned internally One 1s two moles northeast of the city (plate 60). Another 
about SIX miles southwest of the city contains a large esker located I" its nester" 
part (fig 83) 

The elevated terrace areas contal" a typical gravel patter" such as that 
shaw" 1" plate 60. First, the general color tone 1s light; second, they contan 
numerous small dark spots lrhlch are small clay deposits formed by the weathering 
of calcareous gravel; thxd, there is a deflmte directional patter" caused by IV~Y~ 
actlo" whhlch Indicates that the material was waterlad, fourth, the sol1 is porous 
uhlch IS Illustrated by the lack of dlssectlo" and gullyiing; fifth, all but the 
largest of the upland gullies dxcharge on to the terrace and do not cut across it, 
but develop outwash fans of granular material as the water IS absorbed by the 
terrace, and sxth, stereoscopic examlnatlo" shows that the terraces are flat, and 
higher than the flood-plan areas. 

A" excellent stereoscopic ~press~o" of the elevated granular terrace 
northeast of the city 1s obtalned from plate 60 This locatlon, and the one on a" 
Identical granular terrace so11 SIX rmles southwest of the city, offer the finest 
aIrport sites from the standpoInt of pavement and dralnage costs No xnported sub- 
base ~111 be required for the pavement, and where gradmg operations expose sultable 
5avel 11, place, It ml1 not be necessary to Import base material Pavement gravel 
1s avaIlable at the site for the cost of quarrying and washing Pavement design 
pnll be based on E-l or E-Z classIflcatlo", good draInage Subsurface draInage ~111 
be entirely unnecessary -"g to the high porosity of the subsurface ~011, and the 
m"lmum pope slzlng for storm drains ~111 be requred owing to the very high Inflltra- 
tlon capacity of the surface so11 which may be m the order of 1 to 1 5 inches per 
hour, or higher. 

Because of the absence of rock and the fact that the topography is relatively 
level with small well-spaced knolls and depressions, which provide easy balancing 



of cuts and fills on short haul, grading costs ml1 be normnal. 

A compar~o" of the estimated costs of pavement and dralnage for a" au- 
port at thx xte and for one located on one of the plastx clay sites I" the vxlnity 
is give" 1" Table V 

Area "AL" - Stream Valley This valley occupies the lowest topographx 
posltlon I" the area under conslaeratlo" as It 1s the flood plan of the present 
streall It 1s a fllled glacx,l stream valley, and 1s u"der1a.l" by granular material 
at varyng depths depending to some extent upon Its vndth In areas n'here the 
valley becomes "ari-ow the alluvium cover 1s only one to two feet I" depth mere 
the valley 1s mde, water was pooled or moved nlth very slow velocltles which enabled 
the finer suspenaed particles to settle. Because of thu the alluvium cover 1s 
thicker than I" the "arrow reaches, and consxts of slit and clay lmth fine sand and 
some organic matter 

The valley contalns several areas of natural levees conslstlng of sand 
that has bee" deposIted during recent periods of high water These natural-sand 
levees are adJace"t to the streams and are lighter I" color and better draned than 
the sol1 o" which they were deposIted The areas where gravel 1s "ear the surface 
are shm by a" x-uxeased shading of the gravel symbol on the map 

The stream valley to the north 1s xxde It becomes "arrow Just west of 
the city and mdens agal" to the west of the area show" The stream contans severa 
rIghtangle turns xvdxatlng that a resIstant obstruction has forced It to change 
Its course Under stereoscopic exarmnatlon the valley walls are see" to be steep 
and 1" some places they rise vertically, lndlcatlng a resIstant rock material. As 
this rock contans sinkholes, It 1s ldentlflea as lunestone 

The present stream valley contains elements that show the "resence of a 
high ground-wzter table, orgarlc soils, sand levees, and gra>el in the subsoll. The 
overall color tone of the entue allu%lal area 1s dark, which, together R-th the large 
a-edged ditches lndxates a high ground-water table The light color of the spoil 
banks lnclcates the presence of subsurface gravel Filver terraces are often found 
I" locatIons where the stream velocity has changed due to a sudae" change I" the 
mdth of the channel 

The ground water vnll be high aurlng the winter and spring, often coming 
to the surface Thx fact pill1 render the othervslse relatively fax material un- 
stable during those seasons, and pavement design should be made on the basis of 
E-4 poor-di-alnage In addltlon It ~111 be necessary to provide expensive dlklng 
and pumping facllltles to prevent surface flooding during perlads of high water. 

Granular Material Granular materials can be obtesned fror any of the 
followng locatIons, all of which are marked on fig 83' (1) upland eskers and 
kames, (2) elevated terraces, (3) th e stream bed, and (4) the large, glacial- 
outwash area "ear the "ort'n county line Granular mate-la1 I" the form of crushed 
stone can be obtalned by quarrying operations along the steep valley walls of the 
?.Tver . 

At many places throughout the uplands, especially 1" the flat till-plans 
arez, deposits of sand and &-ravel occw I" the form of Isolated, smooth, rounded 
hills ~~SI"P abruptly above t>e surrounding terra". These mounds or ~rre@lar shapes, 
whxh are kames, and eskers surnlar to those I" plate 40. They consist of sorted 
boulders , gravel, sand, and fine sand, and were deposlted during glaclatlon by melt 
water flomng from a crevice or opening beneath the LCB This IS lndlcated by theu- 
characterlstlc stratlfxatlon, the rraterlal grading from coarse 1" the center to fine 
on the outslde edges In addltlon to the eskers found on the uplands, a series of 
these formatlons 1s located on the large terrace I" the southwest edge of the area 



TAaLE v 

CCMPk~ISON OF ?AT:ING h\iLI DWiIUGE COSTS FCR 
TWO ,sIPPCE(T SITES 

To lllnstrate the difference I" w.veme"t and drainage costs at two widely 
dlfferr,g available sites, thosp esturated costs for a site on the "ore plastx 
sol1 SIX miles south of the city are compared rnth those slm~larly estimated for the 
gravel terrace site two miles northeist of the city Final cost estunates would, 
of course be basec upon flela surveys 

Plastic Site SIX Yules South of City 

So11 classlfwatlo", E-6 to E-S Deslgr based on E-7, severe frost, poor 
draInage, for flexible pavement (F-S) 

RunWayS 13-Inch subbase 220,000 sq yd @ 70$ $ 154,000 
ThIckened 1%inch suboase 120,000 sq. yd 6 906 . . 108,000 
turn arounds 
and tanways 

Base 9-Inch crushed aggregate base 330,000 sq yd. D 80# . 264,000 

Surface Z-Inch surface 330,000 sq yd 0 706 231,000 

Total, paving $ 757,000 

Total cost of draxr,ge lnstallatlon 160,000 

Total, site 1 917,000 

Granular Site on Gravel Terrace 

Sol1 classlfxatlon, E-l to E-2 Design based on E-2, severe frost, 
good dranage for flexible pavement 

No subbase (F-O) 

9-inch crushed aggregate base 220,000 sq yd @ 50$ $ 110,000 

ll-Inch crushed aggregate base, enas ana taxlaays 
120,000 sq yds @ bo$ 72,000 

Z-Inch surface 330,000 sq yd Q 60$ 198,000 

Total,pan"g $ 380,000 

Total cost of draInage lnstallatlon 35,000 

Total, site 2 , . D $ 415,000 

. . 

Apparent savings, granular site over plastx site . . $ 502,000 

___--_--------_- 

Axport Site III Red 3ed Shales and Sandstones 

As a second example of the appllcatlon of these techniques, the followr,g 
report covers the en&neeru,g characterlstlcs of ~011s UJ the vlclnity of a small 



Oklahoma city For the general purpose of aiding in site selection the vai-lcus 
sol1 areas are described with emphasle on those having terrain suitable for axport 
locatlo"s 

Locatlo" Reference to the sol1 map (plate 1) shows that the area in 
questlo" lies withm the residual so11 group developed from the red bed shales and 
sandstones. The area studled lies mthm a" e@,t-mile radius of the city (plate 61) 
At present the area 1s served by one airport located one and one-half mles south 
southwest of the city (plate 62a) An area having a radius of eight mles surround- 
~ng the city 1s consIdered for a "ea arport site. This erea is shorn in the county 
aerlel photographic Index of part of the county show" in plate 61, and on the map of 
the area (fig 85) which was developed from the arphotos. , 

summy 

1. The area mcludes (a) residual soils developed by the weathering of sand- 
stones and of shales, (b) high terraces, and (c) alluvial foils subject to overflow. 

2 The reeldual sol1 areas have a relatively shallow soil developent of 
approxlmate1y five feet The sandstones give rise to sand clay soils (E-4); the shales 
meather to produce plastic silty clays (E-6-B); the terraces are of clayey sand texture 
(E-2-3), and the alluvml ~011s are predommantly silty. 

3. The existing airport is located on residual sol1 developed from sandstone. 

Soil CTwl" l-he ma~cr upland sol1 of thu area 1s represented by profIle 
No. 1 (Area A on map). The sandstone weathers easily and produces a rather friable 
6011. In the transltlon to bedrock the texture becomes qu+te sandy Profile No. 2 
(fig. 86) represents the ai-eas marked A1 and B mth area A representlng the left 
sectlo" of the profIle, which is a transitlo" between the two extremes of the area 
These soils are probably derived from calcareous shales. The terraces (profile No. 
3 fig 86) are extremely old deposits (see Airphoto Analysle Chart, Landforms, Old 
Streams) They a-e semi-granular I" nature and are relics of the time when the 
nearby bedrock formed mountains that were subject to severe erce1c". These terraces, 
cnce river flood plains, are "on from thirty to fifty feet above the present allunal 
sects. There 1s some lndxatlc" that eve" higher and mere extensive terraces exist 
"ear the present ax-port. Hcwever, they are somewhat dissected end can only be 
ldentlfled deflnltely by local examinatxr,. 

The alluvium In the i~"er flood plains appears to be remarkably maform. 
The slit texture of this sol1 area can be attributed to the retardation of the eroslo" 
process and the type of valley Small areas of silty clay, developed I" depressed 
areas of alluvium, are lndxated on the so11 map of this area (fig. 85) which vas 
developed from the au-photos. 

Aerial Photography The pattern of ~011s I" ths area naturally follms 
the same 1lne.1 as the outcrop or occurrence of the varloue rock strata The differ- 
ence I" sol1 texture I" the areas outllned on the map 1s due to the varlatlons I" 
rock type The sandstone ~011s have the marks of a highly ercslve soil-sheet eroslo" 
on ""Iform elopes, terracing on hlllsldes, vertical gullies Plate 62a shcws the 
site of the exlstlng alrport, which 1s two miles south of the city, one-half rmle 
west of the central north-south hlghuay, and south of the main east-west road. The 
ercsu~" marks of a friable sol1 can be see" I" the viclnlty of, and east of, the 
central hlghway The two gulllee (black) west of the auport represent the head of the 
ercslc" channel At their upper end they are mere ci- less V-shaped and sunport 
vegetation As they progress southward they cut through the silty clay portlon of 
the proflle which 1s responsible for the V shape and proceed lntc the sandy substratum 
which was produced from the sapdstanes At thu point the gulley takes the shape of 
a U which 1.s typIca of gullxes I" sandy ~011s and vegetatlcn duappears. Plate 62b 
shows the pattern of one of the sem-granular high terraces located four mles north- 
west of the city For runways not to exceed four thousand feet I" length this site 
would offer very good condltlons for economy I" pavement and drainage. 
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ENGINEERING SOIL MAP 

LEGEND 

CITIES AND TOWNS - HIGHWAYS ;;;j PRESENT AIRPORT 
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Ezl RIVER TERRACE - SOIL BOUNDARIES 
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(SEE TEXT AND PROFILES FOR DETAILS OF SOIL AREAS A A’ AND 8) 



REPRESENTATIVE SOIL PROFILES 
FOR RESIDUUM DERIVED FROM SOME RED BED SHALES AND SANDSTONES 

Figure 86 

General The silty sol18 of the present flood plans m this area offer 
level terra* for an alrport location However, the texture of these 8011s makes 
them dlfflcult to handle during construction. Grading III thu area would be a 
minor conslderatlon because of the low relief Ground neater condltlons ml1 be 
adverse during the spring and early summer, especially near the valley walls. In 
addltlon, the area 1s subJect to flooding Slty 8011s such as these, when eupplled 
mth adequate ground water, are often dlfflcult to compact, and eu~e some fill con- 
structlon would be requued, comoactlon would be necessary. 

Because of the prevalllng slopes the residual sol1 areas III the upland 
are fairly well craned except where 8011s derived from clay shales are encountered 
Rock excavation may be expected HI cuts having a depth greater than five or SIX feet 
mere rock underlIes the so11 at shallow depth, provision should be made to protect 
the subgrade from the seepage water that often flows on the rock at the base of the 
so11 This ?a11 not generally be necessary on ridge tops The development of relative- 
ly porous 8011s from the sandstone and of lmpervlous clays from the shales m these 
areas often produce closed aquifers mth the clay trapping the InfIltered water If 
this condition 1s not recogmzed and adequate artlficlal draInage provided, these 
pockets may fill mth water and flood the subgrade for long periods, causing eerlous 
pavement failures 



If one of the terrace areas can satisfy other requuments 1" site 
selectmn, It would probably furnish the best location from the stantipomt of 
soul, draInage, and eaee of constructlo" These are relatively level areas of 
serm-granular sods hanng reasonably gond mtemal dramage They are as 
stable as any major sol1 area I" the vlcmlty Because ai theu elevatlo" they are 
well above present floods, and their posit-on unth respect to the upland mlnlmlzee 
the danger of poor ground water condltlans 

There does not appear to be any granular deposits of appreciable size in 
this area 

A Study of Ground Water Conditlone 

A third uee of the tectmlques 1s 1" the deterrmnatlon of ground water 
condltlons In some locations excess ground water may seriously affect the sta- 
blllty of subgrades and pavements The sources of this xater may be a high water 
table, as often encountered I" valley bottoms, artesian flow whhlch may develop if 
the aquifer be tapped by very deep grading 01‘ other operations, and net-weather 
spring flon which appeers to erlst 1~ the folloKl"g example, and nhlch may be 
entirely overlooked If the detalled field survey is made dwxng dry weather. 

Often the geoloec formations dxtlnmlshable a" the alrphotoe, together 
lrFth the informatlo" contained 1" chapters II to VIII and the literature cited I" 
the bibliography, ~11 dlsclose to the lnvestlgator the existence of potential 
danger from this source A sltuatlo" of this nature was encountered I" the 
development of a" alrport in the Appalachia" reglo" of sandstones, limestones, and 
shales. Although it was fully recognized that excess ground mter rmght develop 
later, no other feasible nearby site aas available in this caee, and It was 
necessary to proceed with construction et this site as a aar expediency. Water 
developed m the base course shortly after construction and for several m.mt,he 
temporary drauw flowed persistently far several days follomng rams until it 
became necessary to install complete subdralnage . 

The au-photos of this area shoam I" plate 63 were taken follomng the 
layout of the three rumrays, survey lines for which CB" be seen on the photographs 
Those pictures show that the highest surface elevations at the airport are at the 
northwest end of the field where a rock ridge trending northeast-southwest exlets. 
From the top of thu ridge the land surface elopes northward to a creek and so"th- 
xard and southeastward to the i-l"er Immediately south of the airport is a similar 
rock ridge, and a thu-d rock ridge crosses the field dugonally The northeast- 
southwest r-y is on this ridge The arport has a general east-southeasterly 
slope toward the river. Cuts have been made wherever the rock ridges mentloned 
above have been encountered dunng constructum, and the remainder 1s on fllled 
ground. 

The underlying rocks are gray to black, fxale, calcareous shales, under- 
lam by lImestone A quarter to half a mile east of the alrport rocks belonD"g to 
another formatlo" crop out, lndlcatlng the posltlo" of a thrust fault that 1s present 
along the east side of this broad valley. This fault 1s well established I" geologic 
literature pertauang to this particular area. About three-quarters to one mile rest 
of the air field is a high ant1 cllnal ridge The formations composing the east limb 
of this fold dip under the airport but at considerable depth. 

The ezastence of sInkholes 1" the valley 1s not conspicuous and the ground 
surface appears to be held up by the cap of black shales overlying the more deeply 
burled limes tone In a few places, hoxever, sInkholes are dlstinguxhable on the 
airphotos Along the crests of the rock ridges surface water appears to be entering 
the underlying formatlo", and these are therefore areas of ground-water recharge, 
and eprlng discbarge occurs at sane places along the bases of the rock rldges These 
are, apparently, wet weather springs that flom only when the water table is high. 

There is a strung possibility that, In the constructlo" of the field, sink- 
holes ex~stmg beneath the airport were obstructed by fill, thereby causing water 



that would normally dram awSy through them to back up and flow out at the surface 
beneath the mnweye Surface Seepages at the bases of rock ridges, whhlch cut dla- 
gonally acroSS the ax-port, could have bee" obstructed 1" a Smlar mnnei- and mth 
slrmlar results. 

As the origmal field survey were made durmg relatively dry weather, such 
wet-weather seepages, or sprlnge, were not I" evidence, for the mater table was too 
low at that tune to permt ground-water discharge at the Surface 

Another posslble tp of ground-water discharge to be consldered 1" thm 
area 1s that along normal faults The Structure of the rocks underlymg the airport 
Seems to be that of a closed sy"clme, the closure bang brought about by the relative- 
ly mpermeable formatlo" along the thrust fault Just east of the axport The 
mountain northwest of the au-port (plate 63a)appears to be composed of rocks that 
have been folded Into a" anticluml ridge The formations composing thm ridge 
Include among others, a water-hearmg sandstone Fractures resultmg from normal 
faultmg of the rocks underlymg the auport mght penetrate the deep-lymg Sand- 
stone formatlo", pemttmg water to rlSe along the faults and discharge beneath the 
export. This type of dmcharge would he mdlcated by lines of Springs cuttmg dla- 
gonally across the air field However, no such regularity of discharge areaS can 
be observed on the axphotos of this area. 

Although mdlcatmns of excess gromd mter potentlalltles as clear as 
those in the foregmng example are not found I" the maJorlty of the areas encountered, 
the excessive cost that develops when It becomes necessary to mstall subsurface 
drams on peacetme comercml airports after the other construction work has been 
completed JUStlfleS exhaustive study of each potential danger spot, eve" though only 
one may be disclosed 1" many amports mvestlgated In areaS where the folding and 
outcroppmg of mterbedded porous and "on-porous Strata are as clearly Indicated es 
these shown on plate 63, disturbance of the natural permeahllity of the Soll-rock 
mass by excavations and fills may be expected to result I" concentrations of flow, 
especially where "umerous nearby intake zo"eS are exposed. . 

Non-sod Areas of the West 

In many of the mestern states Such as Colorado, Idaho and others, the 
Scattered bcdles of sol1 lymg withm the extensive non-sol1 areas described I" 
chapter VII are of utmost mportance as axport sites They usually offer the only 
feasible landmg ai-eae mthm a broad reglo" So rugced as to render many types of 
flying othemse unsafe. Yet those engaged m private flymg, frequently m 
low service-celling eqm+mant, will often fmd themselves over these areas and in 
desperate need of a" SIrport of some kmd. Although such small sol1 areas as these 
could not be shown on the map (plate 1) their location a"d their Soil, geologx, 
and dramage charactermtlcs can be readily determined from the aerial photographs 
for any partacular 1oca11ty. The many mtei-medmte landmg areas that will be 
necessary 1" these rugged regions, both for safe local flying and for cross-country 
flights between the East and the Pacific Coast, can thus he located and theu- 
establishment facllltated by the uSe of axphotos Kany of them can be made safe 
emergency landmg areas for contact flying merely by removal of boulders and other 
obstructmns, flllmg of gullies, and Smple dramage, all of whhlch can be quickly 
and accurately mvestlgated on the m-photo, but tilch would othemse requre much 
dlffxult field mvestlgatlon and Study of meager large Scale topographx maps 
generally available for these areas 
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