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GEOLOGIC ATLAS OF 'THE UNITED STATES. 

The Gcolo,::?;ieal Survey is making a geologic atlas of the 
United States-, which is heil1g issued r.lilletl folios. 
Each folio includes topographie and 
area, together with descriptive text. 

THE TOPOGRAPHIC MAP. 

The featul'(:,s on the topograpllic lllap are of 
three distinct inequalities of sllrfacc, called relief, 
as plains, plHtenus, hills, alld lllount"lins; (2) distribu-
tion of water, called as streams, lakes1 a.nd 
(3j the works of man, CUUl1ye, ns roads, 
boundaries, villages, and eiLies. ~ 

Re1iej.-All elevations are measured from HlCHll sea level. 
The heights of IIlall)" points are H('curateiy determined, and 
those of the most important ones are given on the mi'lp in 
figures. It is desirable, ho\vf>ver, to gi\'e the elevation of all 
parts of the aroa mapped, to delineate the outliue 01' form of all 
slopes, an (I to indiclIte their grade or This is done 
by lines eadl of whieh is dnrwn through of equal elm'a-
tion above mean St:'<l le\~el, the vertical iutt:'l'Ynl represcnted by 
each spaee betwf'en lines being the same throughout eHcll map. 
These lines nre called cOJ/four lines or, more brietl \', ('ontours, 
and the uniform H'rtical (li"hlIH'e bet\\een ea"h two"eontours is 
called the contouT intr:rml. Contour lines and elevations are 
printed in brown. The manner in whi('h eoutour lin,es express 
altitudf', form, and grade is shown in figure 1. 

FIOT:RE \.-ldeal view and correspondillj.{ contonr map. 

The sketch :J ri vcr VB Hey bt'tweell two hills. In 
tIlt:' foregrOlliul till? seH, \\lth a bay that is partly elosed hy 
a hooked sand hal'. On eaeh sirlf' of the v:dley is a terral'e. 
The terrllcc on the right merges into a gentle hill slope; that 
on the left is u[Ll'keJ by a asct'ut to II cliff, or Sl'fll"p, whidl 
contrasts with the gradunl awny from its ncst. In the 
map each of these features jndicat.ed, directly benoatIt its 
position in the sketch, by contour lint's, The map docs not 
include the cliHtant portion of the yiew. The following notes 
may help to explain the use of contour lines: 

1. A contour line reprt:'sents 11 eertain height abow sea lE'\·e1. 
In this illnstration thc eontoUT interval is 50 feel,; thel'efore 
the contour lines arc llrawn at 50, 100, J 50, and 200 feet, and 
so all, ahove mCHn sea level. Along the contour at 250 feeL lie­
aU points of the surfllce t.hat Ht"e 250 f~et above the sea-that is, 
thii:l contour would be the shore line if the sea \vere to rise 250 
feet; alon!!: the rontour at 200 feet. are all points that nrf> 200 
feet abo\'e the sea; and so on. Tn the ."pace bet,"ween Hny two 
contours are ul1 points whose elevations are aboy,=, the lower 
and below the Iligher ('on tour. Thus the rontour at 100 ft'f't 
falls juSL helow the edge of the tenare, and tltat at :l00 feet lit:'i'! 
aboye the terrace; therefore all points on ille t.errace arc shown 
to be more tlwn 150 but less than 200 feet abo\"e the sea. 
The summit of t.he higher hill is rm:nh(1 GiO (feet aboye sea 
leyel); the ('ontom at (),)O feet surrounds it. In 
t.his illust.ration the contoUl' lines arc nuwbered, and those 
for 260 and riOO fef:t are arcentuated by being Illade heavier. 
Usnally it is !lot desirable. to number all the contonr lines. 
The aeeentnating 1111(1 nnmht'ring of certain of them-::my eyery 
fifth one-suffires and the ht'ights of the others may he l.lSeer­
tained hy cOllnting up or dO\vll from th('se. 

2. Contour lines show or' express the forms of slopes. ~\.s 

eon tours are eontinuous horizontal they wind SlllOOtllly 
about smooth surfaces, rC('t:'dt:' into rt'entrant of 
rayil1E'8, and projert. in .passing around spurs or I"·o,mi,,wnees. 
These relations of' eont.onr curn's Hnd 1:..0 of' t.he 

('an be Been f!"Olll. the map and 
lines sl~o\v the approximate of any sl~pe. 

The yertieal interval between two \'(mtours the same, whether 
they lie along a diif or on a gellLle slope; but. to attain a gi ven 
heif!;ht on a gentle slope olle must go £ll'ther than on a Htcep 
slope, and therefore contOun:> are fill' aplll't on gentle slopes 
and near togethf'r on steep one8. 

A small contour int~ryal is necessary to express the relief of 
a flat oj' gently undulating eountr)'; a steep or mountainolls 
country ean, as a rille, be a(lequately representell on the SHme 
seale by the use of a huger inten-al. The smallest interYH I 
used on the atlas sheets of the Ueologieal Survey is 5 feet. 

This is in regions like the Mississippi Delta and the Dismal 
Swamp. For grellt mountain masses, like those in Colorado, 
the interval may he 250 feet nnd for less rugged country ('on­
tour intervals of 10; 20, 2iJ, 50, and 100 feet are used. 

Draina,lje.-\Yater~ol1I"sf's are indicated by blue lines. Fora 
perennial stream the line is unbroken, but for an intermittent 
stream it is hroken or dotted. 'Vhere a stream sinks and 

the probable underground course is shmvll hy a 
blue line-. Lakes, man~hcs, and adler bodies of ,vater 

by conventional signs in blue. 
for the works of' man and all letOOr­

arc printed in 
,)ca,tc.,.-j~l1e arca of the Unit..ed States (exclusive of Alaska 

and island possessions) is ubout 3,027,000 square miles. A 
mup of thif'. area, drawn to the scnle of 1 mile to the inch 
would ('over 3,027,000 s<jlHlre incile"" of pnper aI1(1 measure 
about 240 by J80 feet. Each sqLUHe mile of ground Slll-iaCe 
wonld be represented hy a inch of lllilp snrfllee, and a 
linear mile on the ground a linear inch on the map. The 
seale- ma.v be also a fradion, of whieh the numer-
ator is 11" 011 the map and the denominator the eorre-
sponding lengt.h in nature expressed in the same unit. Thus, 
as there arc 6:3,;~60 inehes in a the scale"] mile to the 
inch" is by the fradion 

Three are used on the sheets of the Geological 
Ilnd (\~.:"'()IJ' eorresponding approxi­

mately to -4 milt's, and 1 mile on the ground to an 
inch on t.he map. On the seale of ineh of map 
surface about 1 square surt"i-lee; ,on the 
scale of a bout. 4 s(]unre milf's; and on the se<lle of ~OOJ , 

alJOHt lG '3<jIUlTe miles. At the botton! of each atlas Bheet the 
scale is in three a gradua,ted line repre­

a similar line indieating 
a fraction. 

O"""',',,,,UI,,.·-j "cmap of the Unit.ed Stat.es 
is being shed~ of eonycnient size, whieh 
represent areas boul1(lc,d parallels IltHl meridians. ThCBe 
~Heas are ('aIled qnadrangle8. Eaeh sheet on t.he seale of ~"O~Oili) 
represents one S(llmre degree~that is, a of latitude by a 
degree of longitude; each sheet on thp of reprcbents 
one-fourth of a squal'e degree, and cHch sheet on scale ot 

one-sixteenth of a square degree. The areas of the corre­
sponding quadrl.lnJ!;les a.rc about 4000, 1000, and 2;)0 square 
Uliles, though HH'Y vary with the lat.itude. 

The atl:lS sheck;, heing only parts of Olle map of the United 
State-s, are not limited by politieal boundary lines, such as 
those of Slates, ('ounties, all (I tow nships. ~hny of t.he maps 

arell" lying in hw or m'en three States. To each 
and to the quadrangle it represents, i::; given the name of 

some weJl-known town or nntural featurc within its limits, and 
at the sides and comers of each sheet nre printed the Hames of 
adjacent quadrangle::;, if the maps are published, 

THE GEOLOGIC MAl'S. 

The nwps l'eprt'6entillg the g-eology show, colors and 
conventiowll sip;ns printed on the topographic map, the 
distribution of rock musses on the surface of the land and, by 
means of strueture sections, their underf!;round relations, so far 
as known and in suell detail as the scale permits. 

KDi'llS OF lWCKS. 

I{oeks are of Ulany kinds. On the geologic mnp they are 
diRtinguisheil as igneous, sedimentary, and metamorph~c. 

19n~'lms 1'oclcs.-Rocks that haw cooled and consolidated 
from a slate of fusion are known as igneous. Molten material 
hay from to t.ime IJeen forced upward in fissures or ehan-
lie],.; of and sizf's through rocks of all to or 
llearly to t.he Itocks formed by the of 
mohen material, or magma, within these ehannels-that is, 
below the surfu('('---:-art! called ·irlil'u.siL'C. "'here the intrusive 
rock a fissure wit.h approximately pm'allel WllltS it is 
called u where it fills a large and irregular conduit the 
mass is termed a Bloch:. "\Vherc molten map;ma trayerses strat­
ified rocks it be intruded along betiding planes; sueh 

or "hed.s if eomparatively thin, and lacco-
chambers prod ueell by the pressure 

of t.he mal!;ma. rock molten material rools 
slowly, witll lhe result that rocks are generally of 
crystalline texture. vVhere the channels reach the surfaee 
the moltell material poured out t.hrough them is called IwVll, 
and lavas often build up volcHnir mounti:lins. roeks 
that. have solidified at" the sllrface are called 
Lavas generally cool murt:' rapidly than iutrusive 
a:--1 a rule contain, espf:'f'ially in their superJieial parts, wore or 
lel::1H voleanic produced by rapi(l ehillillg. The outer parts 
oflanl How,:;; are UHtml1y porous, owing to the expansion of' 
the gast.,:; originally present in the magma. Explosive action, 
due to these gases, often aceompanies volcanic eruptions, 
causing cjt,etions of dust, ash, lapilli, and .larger fi .. agments. 
These materials, when eOllsolidated, constitute breecias, agglom-

and tuffs. 
l'oclcc~.-Uoeks composed of the transported 

fragments or partieles of older roeks that haye undf'r~one 

di~illtegration, of volcanic ejecta deposited in lakes and seas, or 

of materials deposit.ed 111 sueh water bodies by chemical precipi­
tation are termed sediuu:nta1-Y, 

The ehief flg-ent in the transportation of roek 46bris is water 
in Illation, illduding rain, streams, Ilnd the water of lakes awl 
of the sea. The materials are in large part carried as solid 
particles, and the are then said to be mechanical. 
Buch arc which are latel' consolidated 
int.o Sfllldstonc, shale. Some of the mate-
rials are carried in solution, and deposits of these are ealled 
or,!!anic if formed with the aid of lift.', or ehclIIical if formed 
·without the aid of life. The more important roeks of chemical 
and organie origin are limestont', eilert, salt, iron on" 
peat, lignite, and coal. Anyone of the named 
may be f'\eparatf:'ly formed, or the different he 
intermingled in many way~, produeing a great variety 

AnodiCI' transporting ag-t'nt is nil' in llIotion, or wind, lmd a 
third is icc in motion, or glaciers. The mORt characteristic of 
the wind-borne or eolinn deposits is loess, a fine-grained earth; 
the most characteristic of g-lacial deposils is t111, a heterogeneous 
mixture of bo·wlders and pebbles wit.h day or sand. 

Sediment.ary rocks Ilre usually made up of Illyt'r",. or beds 
·which can be separnted. These ure ca1led 8imta, 

and rocks in such layers are to be strHtified. 
The snrface of tlIe e-arth is n~t immomble; 0\ er wide regions 

it yery slowly rises or sinks, with reference to the sea, and 
Rhore . lint's ~re thereby changed. .L\.s a result of upwanl \ 
moyement manne sedimelltary, ro(~ks may become part. of the 
land, and most. of our land areas are in faet occupietl by rocks 
originally dcposited as sedilllents in the 

Rocks exposed at the snrff~ce of tlle air, 
watf'r, ice, animals, and plants, 
known as bacterin. They and morc 
soluble parts UTe leaehp(l ont, the material being 
left as a residual laver. \Vater washes this material down 
the slopes, IllHl it. is e~'elJt.ually can~etl by riYers t.o the,oeean or 
other bodies of wat~r. lTsuHlly its journey is not eOlltinuous, 
but it is huilt into river bars and flood plains, 

_-\'l1u \·ial deposits 
belong to 

laver is commonly inelnded 
Their upper parts, o~cupied by th~ roots of 

eOll:'!titute soils and subsoils, the soils being USUH1ly 
dist,inguisim! by a notable admixture of matter. 

and by various 
processes, rocks may in com position 
and in texture. If the new pro-
nounced than the old sueh rorks arc called In 
the of metamorphism the cOllstituents of a chemi(,~ll 

may enter into new eombinatiolls nnd ecrtain subslllnces 
may bc jost or new ones added. A complete gradHtion [rom 
the primary to the metmnorphie form may exist within a 
single roek mass. Surh changes transform sandstone into 
quartzite and limestone into marhle and modify other rocks 
in various ways. 

From time to time during 
been deeply buried and haye to enormous 
pressures, to slo\v movement, and to igneous intrusion haye 
been afterward raised and later exposed by erosion. In snch 
rocks the original structures may h:1\ e been lost entirely and 
new ones substituted. A system of planes of division, along 
which the rocK. splits most readily, may have been deyeloped. 
This structure is ealled and may cross the original 

roel;:s rbanwterized by it 
Crvstals of miea or minerals may have gr~wn 

in tbe rock in "such a as to produce It laminated or foliated 
structure known as The rocks characterized by this 
structure are schisfl3. 

As a rule, the oldest rocks are most altered and t.he young,=,l" 
formations haw esruped metamorphism, hut to this mle there 
are many illlpOliant t'speeially in l'egiolls of igneous 
activity [mel complex 

TOlOl.A.TlO.KS. 

For of 
above are into A f(edimentmy 
formation l'ollt.ains bet~yeen its upper and lower limits either 
rocks of uniform ehflrad~r or rocks more or 1ess uniformly 
"\\il.riell in eharacter, for example, an alternation of shale Ilnd 
1imestone. 'Vhcre fl'{}m one kind of rocks t.o 
another is graduHI it. may TWef:'Sf(ary to two contigu-
ous formations by an arbitrary line, aTHI some rases the 
dist.ill(~t.ion depends almost. <"nt.irdy on the contained fossils. 
An igneous fOl'mat-lon cont.ains one or more bodies of one kina, 
of' similar oecurrence, or of lil;:e origil1. .r\ metanH1l11hie for­
mation lllay C'Olwist of rock of uniform chara('ter or of se\ eral 
roeks having eOlllIllOIl ehal'aetel'isties 01' origin. 

'Yhen for seicntifie or e('onomic reasons it is desimhle to 
reeognize and map onc Ol' more dcyploped parts of a 
yaried formation, sueh parts arc member", or In" oom(' 
odler appropriate term, as '(!ntil.i:J. 

.\GES OF ROCKS. 

Geoloy'ic {i'llie.-The time during which roeks ·were made is 
divided into peripds. Smaller tim~ di visions are called epochs, 

/I 

• 



and still smaller ones stages. The age of a rock :is oxprC'Ssed 
by the name of the time interval in which it was fonned. 

The sedimentary formations deposited during a period are 
f!)'oll}1f'd to,2:f'ther into a 8Yl:Jt€1n. The prilleipal divisions of a 
system are l'alled 8('}'ie8. Any aggregate of formations less 
th1ul a sf'rie); is called a !Jrollp. 

Inasmuch as sedimeIlta:r;y deposits accumulate successively 
the youn~er rest on those tlwt aro oldor, and their relative 
ages may be determined by observing their positions. In 
many rcpjons of intense' disturbance, however, the beds have 
been o\'ertnrned by folding or superposed by faulting, so that 
it may be difficult to dntcrmine their relati \"e from thcir 
present positions; under !:lUch eondiLi,ons. if prcsent, 
may indicate which of t.wo or moro formations oldest. 

Many stratified rorks contain the remains or 
imprints of plants and animals at time the strata 
were dcpositcd, lived in bodies of' ,yntcr or were ... ,ashed into 
them, or were bmied in surficial deposits OIl the hlncl. Rueh 
roeks- are ('alled fossiliferous. By studying fossils it has 
been found t.hat the life of each period of the earth's history 
was to a extent different from that of other periods. 
Only the kinds of marine life existed when the oldest 
f()ssilifel'ous rocks were deposited. From timl:' to time more 
complex kinds awl as the 8impler ones lived on in 
modified forllls life more yaried. But during each 
period there liYl:'d peculiar forms, did 1Iot exist in ('arher 
timl:'s and lwve not existed sinpe; are c/w/Ylcieril5tic types, 
and they define the tlp;e of any bed of roek in whieh they are 
found. Other types passed on from period to period, and thus 
linked the forming a chnin of life from the 
t.ime of the rocks to the present. 'VJlere 
two sedimcntHry formations are rernot.e from ea('h other ami it 
is impossible to ObSCrY8 their relative positions, the charncter-
istic fossil found in thelll may (letermillC which 'was 
deposited Fossil remains in the strata of different areas, 
provinc(~8, and eontineutr: afford the 1ll08t import.ant meHns for 
comhining local histories into a earth hist.ory. 

It is JllHll~V places diffieult or to dt'terllliue the agc 
of an igneons frfrlllation, hut rlw rdatiw age~of .:mell a f()rm;l­
t.iOll can in generaJ be ascertailled by 
associated sedimentary formation of known 
igneous lllaRS or is depositetl upon it. 
which metamorphic' rocks ~,pre formed from the 
may be shown bv their relations to formation.., of 

age; hut the T('cohlt'd on Dlap i.., that of the 
masses llnd not. of dwir metamorphit>lll. 

culon;, and pa.i/(jms.-Ench f()l'lnation is shovm on 
the map hy a dist.inetive combillation of color awl pattern allii 
is'lalwled hy a speeiallett.cr symbol. 

Patterns <compoAPd of parallel 
format.ions 

lineR are mwd to 
ill tlw jn lakes, 

tlots awl 
eirdes represent idluyial, nnd eolian i{ll'll1lltions. Pat­
tel'l1~ of trianglf's and rhombs arc u:::5ed for ignf'ous fi)l'Illations. 
:Metamorphic rO('k8 of unknown origill llre 
short <l~:shes irn.>)!"ulady placed; if the 1'0('];:: is 
may lw arranged ill \\avy lincs pm'Hllcl to the t>truetll1"e 
Suihlble combination THlttel'llR an' used for met.amorphic 
tions known to he of or of igneous origin, The 
patterns of eaeh cbs.., are in various (~().lol's. \Vith the 
patt.erns of parallel colors are used to indicate age, a 
partieular culor to CHell t>YSt(·lll. 

The s\'mbols of two or more letters. If the age 
of a fOJ'~ation is known the snnhol includet> the 
bol, which is H eapital lett('; or monogram; 
symbols a!"e ('01l1p08ed of smalllet.tel's. 

sym­
tllC 

The llamPS of t.he systpms and of sl:'ries that have heell given 
distincti ve in or(lf'r from to olaest, with the 
eolor and assigne(l to 
subjoined 

Symbols and colors a8.~if}ned to the l·ock systems 

Sy.tAll 

f'TTRF.\CE l"O.l:GUI:'. 

llillfl, Ynllt'ys, 11l1d 1,11 oiher slLffflce forms IJaYI"' beeD produced 
F9r example, most thp result. 

streawtl that l1(nr through 1), 
p}ains hOJ"(]('ring- mall)' streams were up 

hy thc st.reams; \\ayes cut tlPJl (lliH;" lllltl, in cooperation \\ith 
c~rrcllts, l)uild up sand spits aIld ham. Topographic form" 
thus eonfltitute part of the rcC'ord of tIle of dlP ('arth. 

Some forms are inseparahly eOIll18cr,cd with TIH~ 

hooked sh9wll in figure 1 is an illustration. To thi.8 dnss 
belong alluvial plain8, lava streams, drumlins (smooth 
oval hills of till), and moraines (ridg-('s of drift made 
at tJlC Ot.her forms are produced by erosion. 

The sea cliff is an iHustration; it may be carved from any rock. 
To this clllSS belong abandoned river channels, glacial furrows, 
and peneplains. In the making of a stream tf'IT1WC an n lluvial 
plain is first built and afttrward partly eroded flWlly. The 
shaping of a marine or lacustrine plain it> usually a douhle 
proeess, hills bei~g- worn awa.y (degraded) and yalleys being 
filled up (aggraded). 

AU parts of the land surfaee arc to the action of air, 
water, and ice, wlrieh slowly wenr down, and streams 
carry the waste material t.o the sea. As 1.he Jep~'nds 011 

the £low of water to the sea, it ean no,t ('arried belo'w Sf'a 
level, and t.he 8ea is therefore called the basf::-Iet'el of prosion. 
LnkPs or hlrg: rivers may dd(~rmine loefll hase-Ievels for certain 
regions. When a large traet is for a long time undisturbed hy 
uplift or subsidence it is degraded nearly to bast'-lcYt'l, tmd tIll:' 
fairly pven snrface thus produ('(;(l is called If the 
tract, is aftenvlln{ uplifted, the ele\ated 
re('ord of the former close·relati.on of the tract. to base-level. 

'1"111: V~UtlO\JS GEOLOGIC f'HEE'1"tl. 

lllap tlho'wing the areas occupied 
is called an areal geology map. On 

,,,.hich is the key to tIle map. To aseer-
tain the meaning any color 01' pntterIl and its lett.pr 
the rfwler should look for that color, pnttern, und 
the where he will find the name and 

If it is desired to find 
name should be sought in the 
llotcd; well the areas on the 
pnttel'll ma'y be iraeed out. TIle 
ment of tIle ,2:eologic history. In 

according 
unknown 

group t.hey are placed in the order 
so far as known, t.be youngest at. t.he top. 

map.-The map reprf'sfm1.ing the distribu-
tion of and roekl::1 ,ina their relat.ions 
to the topogrllphie fpatures and to the 
~e1"lIled the economic Heolog!l map. The that appear 
ou the areal geology lllnp are usually shown on t.hi:::; map by 
fainter color and the areas of produdive formationH 

(~()lors. .A mine symbol shows the 
or qualT,v and is accompflllied tlw 
mineral lllined 01' stone If 

mining indust.ries or artetlillll in the 
nmpy to show thuse additional economic features 
in tht' folio. 

shaftl-1, and otJler 
different beds to 

cutting that exhibits thosc 
a sectiun, and the same term is applied to a 

repees.,,;t;;ng the rebtions. The arrangeillf'llt of'rocks 
is the enrth'c I5lrLtclum, and a seNlon exhihiting 

arrdn~,emenLis (,ll11ed <l :;irudUt'(J .~ecti()n. 
is llOt limited, fIOWf'Ver, to naturnl and arti­

for hi" iuformnt.ion eoneerning the earth'l::1 
the lUallner of f()rmation of rock, and 

the be(1;.,; on the surface, 
they Pl18S benclith the 

surflwe and ean draw repref<(,Jlt.ing the strueture to a 

f:Ollsi(ierable uept.h. i:"3uch a see~iou is illust.raled iIl figure~. 

t'IGURR 2.-r\ketch ~howing a venieaJ section at the front and It landscape 
beyond. 

The figure represcnts a landsrape which is eut off sharply 
iu the foreground ou a vcrtieal plane, so as to show the 
underground relations of t.hc roeks. The kinds of rock are 
indicaLed by appropriate patterns of lines, dots, and dasht:'-I:l. 
These patterns admit. of 111ueh variation, but those shown in 
Ggurc a arc used to represent the commoner kinds of roek. 

':l=cj"t<>n~HalHl~'Hl' 
glolJl<"cate" 

ShaJylm18st0]1CS 

l',Hl;Rr. 3 -SYlllholB 1l6ed ill sectioIlB to represent different kinds of rO(Jk~. 

The plateau s.hown at the kft of figure 2 prescnts toward 
the lower land an escarpment, or fi'ont, \\hich is .made up of 

sandstones, forming the cliffs, and shales, con.'ltituting t.he 
slopes. The broad belt of lower land IS t.raversed by several 
ridges, which are seen in the sccdon to correspond to" the out­
erops of a hed of sandstone that rises to the surf~lce. The 
upturnefi f'Clge8 of tIlis hed form the ridges, and the inter­
mediate yalleys follow the outcrops of limest.one and calcareous 
shale. 

'Yhere the edges of the strata appear at the surfaee their 
thickness can he mell'"mred and the' angles at which they dip 
helm·" the snrffwe call be obscl'\"eJ. Thus their positions 
underground can he int"(·Tred. The direvtion of the intersee­
tion of a lied WitJl a hOl~zoIltal plane is ealled thc ,~irike. The 
iudinntion of the bed t.o the horizontal plane, measured at 
right angles to the strike, is called t.he dip. 

Tn many regions the strat.a are bent into troughs and nrehes, 
sllch as are seen in 2. The arches arc eallt'(l anticlines 
and the troughs As the sandstones, shales, aud 
limestones were deposited beneath the sea in nearly flat sheets, 
the fltct that dley arc now bent. and fcildf'd is proof that forces 
haye frolll time to time caused the earth's surface to wrinkle 
along eertain zones. In plaees the 8trat.a are broken across 
and the parts haye slippC-'d Neh other. ~uch brenks are 
tel'me(ljaults. Two kind8 arc 8hown in iigure 4. 

At the rig11t of figure 2 the section chows schists that are 
tra "ersed by igneous roeks: The schists nrc much contorted 
nnd their arrangement uwlerground can not llC inferred. 
lIenee that. port.ion of the section delineates what is probably 
true but j~ not known by ohseryation or by well-fOlUldf'd 
inference. 

The st:'dion also shows three set." of formatioIls, distinguished 
by th!:'ir underground rehttions. The uppermost set, ~een at 
the left, is made up of sandstOlws and sbales, which lie ill a 
horizolltal position. These straw were laid dO'wn under water 
hut are now hi,2:h above the forming a plateau, Imd their 
ohange of elo"mtion shows that u of the earth's mast< has 
beell uplifted. 1'11(; strata of set are parallel, a relatioh 
wlJieh is ealled cm.ero/·muolC. 

The second set ('ollsistR of strata thnt have be-en 
folded into arches and troughs. These strata were OIll'e eon­
tinlloUR, but the crests of the archf'!:l litl\Te b;'en rt'llio,'ed bv 
erosion. The beds, like those of the li1"8t set, a!"e conf'ormabl~. 

The horizontal strata of the plateau rest upon the upturned, 
erodf'd edges of thc heds of the :::;eeo]J(1 set. shown Ht HIe left of 
the section. The overlying are, from their position, 
e,·idently younger than the deposits, and the bend-
ing awl t'roding of the older beds must havc oeeurred betwe~n 
t.llf'ir deposition Itnd the accumulation of the younge!" beds. 
The rorks arc to the older, and the 
suriuee ic 11ll "nconformity. 

The third set of formations ('onsisti,; of crystalline sehists awl 
igneou8 roe1o::s. At 80Ille period of their history the !:lchists 
were folded or by fll'f':::;sl1r.e and t.raversed by emptions 
of moltell But the pressure and intrusion of igneous 
ro{'ks have llot affected lhe overlyinf!; stmla of the sprond set.. 
Thus it is evidellt that a con8iderable int.enal elapsed between 
the formation of the srhists and the beginning of deposition of 
the st.rata of the seeond set. During !llis interyal the sehi<;lts 
were metamorphoscd, they were (listurbed by eruptive 
and Lhey were deeply eroded. The contact between the 
Imd third sets i::; another unconformiLY; it marks a time 
intenal bet.\\een 'two periods 'of roek forrr;ation. 

The section and landseape in figure 2 are idf'al, but t.hey 
illush'J1te aetnal relalions. The sediolls on the struetUrL'­
st'etion sheet arc related to the maps as the seetion in the 
figure is related to the landscape. The prolile of the surface 
in the section corresponds to t.he aetual slopes of the ground 
along the section line, and tJlC depth from the surface of any 
min~ral-producing or water-bearing stratum that appea.rs in 
the seetioll may be measured usillg the seale of the map. 

Columnar secLion.-The maps arc usually accom-
panied by a c()lumnaJ~ 8l.'ction, which {',ontains It eondse 
description of the sedimentary formationt-i that oecm in the 
qU:idrangle. It presents a sumIllary of the fiwts relating to the 
<character of the roeks, the thi(~kness of the formations, awl the 
order of aeeumulation of l::1ueeessi ve deposits. 

The rocks are bri.efly described, and thf'ir eharaders are 
indiellted in the columnar diagram. The thickne8ses of for­
illations are given in figures thaL stnte the least and greatest 
me:L'lUl'ements, and the thicknesfl of cu-eh formation il'l 
shO\\n in the COlUlllTl, which drnwn to w~ale. The order of 
ac('uIllulation of t.he sediment8 is shown in the columnar 
arrangement-the oldest being at the hOttOIll, the youngest at 
the top. 

The intervalt> of t.ime that correspond to events of uplift and 
degradation and eonst,jtute illterruptions of deposition are 
indieated graphically and hy the word" uneonformity." 

GEORGE OTIS SMITH,. 

May, 1900. Director. 



DESCRIPTION OF'" THE LEAVENWORTH 
SMITHVILLE QUADRANGLES. 

AND 

INTRODUCTION. 

GENERAL RELATIONS. 

The Leavenworth and Smithville quadrangles lie between 
parallels 39° 15' and 39° 30' and meridians 94° 30' and 95° 
and include an area of 461.7 square mil~ in northeastern 
Kansas and northwestern Missouri, comprising parts of Leaven~ 
worth and Atchison counties in Kansas and of Platte, Clay, and 
Clinton counties in Missouri. (See fig. 1.) Leavenworth, the 

FIGURlll 1.-Index map of a part of Missouri and Itan~as. 
The loes.tioD ot th" Leavenworth and 8mlthvlile quadrangles (No. 1lO6) 1& shown by the darker 

ruling. Publlahed toliol cleaorlblng other quadrangle!!, Indicated by lighter ruling, Rre Nos. 
lOa, Oottonwood FaIUl; 148, Joplin district; 16Q,lndependenoe. 

principal city in the area, is on the west bank of Missouri River, 
in the southwestern part of the Leavenworth quadrangle. 

GENERAL GEOGRAPHY AND GEOLOGY OF THE 
REGION. 

TOPOGRAPHY. 

The region in which the Leavenworth and Smithville quad­
rangles are situated includes two main topographic divisions­
the Glaciated Plains and the Osage Plains-which have char­
acteristics that bear important relations to past and present 
conditions in the quadrangles. (See fig. 2.) The Great Plains 

FIGURE B.-Sketch map of MIssourl and surrounding region, showing the 
major topographic divisions and the southern limit 01 glacial drift. 

The L.avenwortb. and Smithville quadmlll'lell are In western MI",ourt and IlUtem Kan!IU, as 
Ilr.own In tlgure 1. 

on the west and the Ozark region on the southeast have some 
features that are also related to the geology' of the quadrangles. 

1 Geologie mapping was done in cooperation with Miuouri Bureau of 
Geology and Mines . ' 

By Heliry Hinds and F._ C. Greene.t 

Glaciated Plaim.-The Glaciated Plains is _ a very large 
region, including most of the United States north of Ohio and 
Missouri rivers and extending ,vestward to the Great Plains. 
It consists in greater part of more or less featureless plains. 

In late geologic time glaciers which moved acro!'ls the country 
in a southerly direction deposited great quantities of unconsoli­
dated materials, filling many previously existing valleys and in 
this and other ways greatly modifying the topography of nearly 
all of the Glaciated Plains. The southern limit of the ice inva­
sions may be roughly placed 'at Ohio and Missouri .rivers, 
though it lies some distance beyond the present position of 
the Missouri in northeastern Kansas, eastern Nebraska, and 
the Dakotas. After the retreat of the ice much of the invaded 
territory was a nearly level plain in which the drainage was 
poor because of the' obliteration or obstruction of many of the 
old valleys. In the area reached by the later glaciers, including 
much of Minnesota, Iowa, Wisconsin, Illinois, and other north­
ern States, the drainage is still poor, and there are numerous 
lakes and ponds and broad stretches o( 'level prairie. North­
eastern Kansas, Missouri north of Missouri River, southern 
and western Iowa, and eastern Nebraska, though covered by 
the older glaciers, were not reache~ by the younger ones, and 
sufficient time has elapsed since the last ice retreat 'to permit 
the development of more extensive drainage lines. East of 
Chariton River, in Missouri, there are many broad, flat divides, 
but the uplands west of that stream are rolling and less of the 
surface remains as it was left by the ice. 
. The surface of most of the Glaciated Plains lies 500 to' 1,500 
feet above sea level. The local relief is slight, being less than 
100 feet in'many places and more than 500 feet in.only a few. 
In northern Missouri and northeastern Kansas the maximum 
altitude is a little more than 1,200 feet and the local' relief is 
generally less than 300 feet; the greatest 'lo~al relief is along 
the escarpment formed by the limestone' beds at the base of 
the ,Kansas 'City formation and along Missouri River, where 
the riYer 'bluffs rise to a maximum of about 350 feet above the 
flood plain. 

Along the southern margin of ' the Glaciated Plains glacial 
drift was never very thick, and much of it has been -removed 
by postglacial erosion. In an irregularly shaped area bordering 
Missouri and Kansas rivers on the north the drift does not 
materially affect the topography, and the character of the sur­
face is much like that of the unglaciated region farther south 
and west. Escarpments are only slightly less conspicuous, 
divides are not, much broader, drainage is -well developed, and 
extensive flat ujland prairies are exceptional. The Leavenworth 
and Smithville quadrangles lie chiefly in this bordering transi­
tional area. 

I Osage Plains.-In southmstern Missouri, eastern Kansas, 
central Oklahoma, and n.ortheastern Texas the surface is 
ungladated and is called the Osage Plains. The northern 
part of this area consists of a series of plains separated by 
escarpments' produced, by tlw erosion of gently dipping strata 
of unequal resistance, belonging to .the,,-Pennsylvari.ian series. 
The plains commonly conform to,the dip 'o( a resistant stratum, 
so that the combination of plains and scarps is like a huge stair,.. 
way with each step ·sloping gently west or north'west,- and the 
to'p of each esca.rpment only slightly higher than the top of the 
one next east of it. As thick limestone beds are more resistant 
than most of the other rocks exposed each escarpment comprises 
limestone at or ,near the top, with less resistant rocks below, 
The plains are 5 to 30 miles wide and the escarpments 100 to 
300 feet high. The principal escarpments from southeast to 
northwest are those formed by the Henrietta formation and 
the oyerlying Hertha to Winterset, Plattsburg to Stanton, and 
Oread limestone members; S€rileral others are only locally devel­
oped and hence separate plains that are not so well defined. 
Many of the characters of the Osage Plains' may be seen in 
the southwestern border of the Glaciated Plains, which includes 
most of the Leavenworth and Smithville quadrangles. 

Great Plains.-Between the Glaciated Plains and Osage 
Plains and the foot of the Rocky 'Mountains lie the Great 
Plains, whose eastern border extends north and south throug-h 
eastern Kansas and Nebraska, not far from the Leaven'worth 
and Smithville quadrangles. The Great Plains are character­
ized in general by smooth outlines caused by extensive tabular 
or rolling Areas traversed by the broad shallow valleys of the 
larger streams. As a whole they slope to the east, away from 
the mountains, and are higher than the' Glaciated Plains and 

the Osage Plains. The smooth outlines are not universal, 
however, for lateral drainage has cut many deep, narrow 
valleys, and in places long esearpments, areas of badlands, 
and sand dunes have been formed. The relief ranges from 
6,000 feet above sea level at the foot of the Rocky Mountains 
to much less on the eastern border of the province. 

Ozark region.-Structurally as well as topographically the 
Ozark region is a low dome of elliptical outline, occupying 
much of southern Missouri and northern Arkansas. It is 
characterized by higher altitude, p:reater relief, and older out­
cropping formations than neighboring areas on the west and 
north. The northeastern part of the region includes the Salem 
Plateau and the St. 'Francis Mountains Hnd contains only sn~all 
patches of Carbonifel'ons rocks; the northwestern border fs a' 
smoother area in which Mississippian rocks outcrop. The 
Ozark region culminates topographically at thE} ~Outh in 'the 
Boston Mountains, a long, narrow plateau' 2,000 feet' abo,'€ 
sea level. The part of the region that lies it)' Missouri/which 
is less than 1,700 feet in maximum altitude, borders the 
Glaciated Plains along Missouri Rivet; one of its lowest' parts. 

DRAINAGE. 

Nearly all of the Glaciated Plains lie, in the basins of 
Missouri, upper Mississippi, and ,Ohio rivers and the Great 
Lakes. The southern part of the Osage Plains is drained 
chiefly by Arkansas and Red ri\'erd. The surface waters of the 
northern part of the Great Plains are tributary t.o the Missouri 
and those of the southern part to the Arkansas and other 
streams. The drainage of the Ozark region is to the Missouri 
and the Arkansas and through these and smaller streams to 
the 'Mississippi. Northern Missouri is drained chiefly by 
Chariton, Grand, Platte, and Nodaway rivers, all, of which 
flow south into the Missouri. Northern Kansas lies 'chiefly in 
the basin of Kansas River, which empties into the' Missouri 
at Kansas City. Southern Kansas lies in the basin o~ the 
Arkansas. A small area in east-central Kansas and west­
central Missouri is drained by Osage River, which flows east' 
and northeast across the northern border of the Ozark Plateaus 
to join the Missouri below Jefferson City. 

STRATIGRAPHY AND STRUCTURE. 

1'4e dominant structural feature of the region is the Ozark: 
uplift in southern Missouri a.nd northern Arkansas, in which 
the older rocks lie at relatively higher levels than in surround-

.. 
MIDDLEi3.UPPER CAMBRIANi3.LOWER 
ORDOVICIAN ORDOVICIAN 

FW-URB a.-Generalized geologic map of Missouri and surrounding region. 
The Leavenworth !bnd Smithville qUadra.nglea!bre In we.tem Missouri IlIld eastern Kansa.s. IlB 

Ib.ownln figure 1. Geology ~rom Geolog!o map of Nortb. America, U. S. Geological Survey, 
1{111. ' 



ing territory and from which they dip away on all sides. The 
rocks exposed are chiefly Cambrian and Lower Ordovician lime­
stones, with intercalated sandstone and shale. Pre-Cambrian 
igneous rocks outcrop in a comparati vely small area in the St. 
Francis Mountains. Small patohes of Carboniferous strata are 
scattered over all parts of the Ozark region, and Silurian and 
Devonian rocks outcrop at a few places in narrow zones around 
its border. Mississippian rocks, chiefly limestone, occupy con­
siderable territory in southwestern and northeastern Missouri, 
in the southeast corner of Kansas, and in a narrow strip near 
Missouri River in central Missouri. (See fig. 3.) 

The older Paleozoic formations dip gently away from the 
main part of the Ozark region and pass beneath Carboniferous 
~ormations on the north and west. The Pennsylvanian series 
of the Carboniferous system, which contains all the important 
coal deposits of the region, outcrops in much of northern and 
western .J.-1issouri, in southern Iowa, and in adjacent parts of 
Kansas and N ebmska. In north-central and northeastern Mis­
souri the beds, broadly considered, lie nearly horizontal, being 
disturbed only by low anticlines trending northwest and south­
east. In west-central Missouri they dip northwest; in north­
western Missouri, west; and in southern Iowa, southwest. 
These dips, which are commonly less than 10 feet per mile, 
are continued into Kansas and Nebraska, and the Pennsyl. 
vanian passes beneath younger rocks-Permian and Creta­
ceous-a short distance west of Missouri and Iowa. Cretaceous 
ro('ks also cover the Pennsylvanian in part of western Iowa. 

The Pennsylvanian series has been divided into several 
units. The Cherokee shale-the chief coal-bearing forma­
tion-is at the base and is overlain successively by the Hen­
rietta and Pleasanton formations of the Des Moines group and 
the Kansas City, Lansing, Douglas, Shawnee, and 'V"abaunsee 
formations of the Missouri group. Owing to the nature of the 
general dip the Cherokee outcrops in a fairly broad zone 
around the outer edge of the Pennsylvanian area and dips 
beneath younger formations to the north and west. In a 
similar manner each of the other formations outcrops in an arc 
around the next younger and passes beneath it on the north­
west. The 'Vabaunsee, the youngest formation, appears in 
Missouri only in Atchison County, in the extreme northwest 
corner of the State. 

In parts of the region the consolidated rocks are covered by 
unconsolidated glacial deposits, consisting chiefly of clay con­
taining numerous pebbles and bowlders that were brought in 
from the north by the moving ice. Similar glacial drift covers 
most of the United States north of Missouri and Ohio rivers. 
In northern Missouri, near the Iowa boundary, the drift is 
400 feet thick in a few places, but as a rule it is much thinner 
and is less than 100 feet in most parts of Missouri and Kansas. 

A mantle of' wind-blown loess covers most of the region near 
Missouri River, especially east and south of that stream. 
Near the ri\'er the loess C'overs nearly all other formations, but 
it thins notably within a few miles and is inconspicuous in the 
greater part of the region. The loess is a sandy silt that lends 
great fertility to the lands on which it lies. 

CLIMATE AND VEGETATION. 

The annual rainfall at Kansas City is from 24 to 50 inches, 
and the average for a number of years during which accurate 
weather observations have been made is 36.4 inches. The 
precipitation is fairly well distributed throughout the year but 
is greatest between April and October, the period when it is 
most needed. The soils of the region retain moisture well, 
and droughts are rarely so prolonged as to cause serious 
damage. The average growing season-the period between 
the last killing frost in the spring and the first in the autumn­
is 181 days. Obsenred temperatures have ranged from 1060 

F. in July to _220 F. in February, the mean temperature 
being 760 during the three summer months and 31 0 during 
the winter. 

Vegetation is abundant' and is essentially the same as in the 
rest of the famous H corn belt" of the central part of the 
United States. A very large proportion of the total acreage is 
under cultivation. Various grasses grow luxuriantly in the 
pasture lands and the principal farm crops are corn and wheat. 
There are no extensive forested areas, trees being confined 
chiefly to the rougher valley slopes and to small "wood lots" 
that furnish fuel for local use. 

TOPOGRAPHY. 

RELIEF. 

General jeatures.-The Leavenworth and Smithville quad­
rangles are deeply dissected near Missouri and Platte ri vel'S 

but contain extensive rolling uplands. The maximum relief in 
he quadrangles is about 400 feet, the altitude above sea level 
ranging from less than 740 feet (at low water) where Missouri 
River crosses the southern boundary of the Leavenworth quad. 
rang[e to more than 1,140 feet on the ringe southwest of 
Leavenworth. The upland surface, broadly considered, slopes 
slightly to the east, some of the highest points being on the 
b1uft's along the Missouri, one of which (near the center of sec. 
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33. T. 54 N., R..36 W.) rises about 340 feet above the flood 
plain and has the distinction of being one of the highest in 
northern Missouri. The uplands and the smaller valleys 
include about 400 square miles and the flood plains of Missouri, 
Platte, and Little Platte rivers about 62 square miles. 

Uplands.-Erosion of the consolidated rocks both before and 
after glaciation produced more or less conspicuous escarpments 
capped by limestone and rolling plains on nonresistant rocks. 
The Oread escarpment, which is a strong topographic feature 
150 to 340 feet high in the west third of the Leavenworth 
quadrangle, forms steep slopes bounding Pilot Knob Ridge and 
other narrow, irregularly sh!lped ridges west of the Missouri 
and the exceptionally high ridge north of Bear Creek and east 
of the river. Beautiful views of the city of Leavenworth and 
of the broad'valley of the Missouri may be obtained from the 
tops of these ridges. The escarpment was formed by erosion 
in the nonresistant shale of the Lawrence shale member, which 
is protected by the overlying resistant Oread limestone member. 
East of Bear Creek the escarpment is in part masked by glacial 
drift. The Plattsburg-Stanton escarpment, which is in plaC'ed 
the next conspicuous one southeast of the Oread, is not con· 
spicuous in the quadrangles, because the limestone members at 
the top of the Lansing formation, which are the resistant beds 
that govern its position, are topographically low. It is marked 
by rather steep slopes, however, in the lower part of some of 
the valleys. The Hertha~Winterset escarpment, the next con­
spicuous one on the southeast, lies a short distance southeast of 
the quadrangles. In the part of the south third of the quad­
rangles in which the highest indurated rocks are massive sand­
stones in the lower part of the Lawrence shale member the 
uplands are slightly higher than those that border them on the 
north. 

The topography of a part of the uplands is controlled or 
considerably modified by the drift. Areas that lie chiefly west 
of the Missouri and east of the Platte, however, resemble the 
neighboring parts of the Osage Plains, the small upland 
streams flowing through shaUow valleys with gently sloping 
sides that grade imperceptibly into the rolling well-drained 
upland prairies. Most of the triangular area between the 
Missouri and the Platte has more of the characters that typify. 
the Glaciated Plains. Along the southern border of this area 
hills of drift rise 100 feet or more above the general level and 
are prominent features. At no place in this region are flat 
uplands or tabular divides so common as in northeastern 
Missouri. 

The topography of the territory adjacent to the flood plains 
of the Missouri owes its character in part to the thick accumu­
lation of loess along the bluffs. The loess east of the river, 
where it is thickest, forms a ridge which runs parallel to the 
flood plain and is generally highest within a mile or less of the 
edge of the bottoms. A similar ridge lies along the bluffs 
west of the Missouri in places, but it is not so pronouuced. 
Away from the bluffs the ridges are progressively lower and 
have the appearance of H giant swells of a stormy sea which 
haf!: been suddenly fixed." Some of the ridges are several 
miles long and their crests, as seen in profile, are slightly 
wavy. 

The topogmphy, outside of the area of thick loess near the 
l\Jisso)lri, has not been affected by loess accumulations, except 
that it has possibly been made slightly more rolling. A not­
able feature is the tendency of the roads to wear down to the 
underlying till where the loess is thin and to make miniature 
cllnyoils where the loess is thickest. 

Valley8.-The valley of Missouri River is by far the largest 
in the quadrangles, the width of its flood plain ranging from 
2t to 3% miles and averaging 2i miles. Along this part of its 
course and as fai' south as Kansas City the river has car\Ted a 
valley that is exceptionally deep in proportion to its width. 
Above'the Leavenworth quadrangle and below Kansas City 
the valley is wider because there is less resistant limestone in 
the valley walls and more nonresistant shale. 

Bluffs rise abruptly from the edge of the bottom lat:i.ds 
except at the mouths of tributaries and near Leavenworth. 
The bluff's are highest where the valley cuts across the Oread 
escarpment, rising 340 feet above the flood plain in an eighth 
of a mile in Missouri and 380 feet in half a mile in Kansas. 
The bluffs on the east side of the river are in general higher 
than those on the west side, and their bases, especially those 
on the east side, have a, remarkably straight alignment. "Test 
of the river the bluft's are low and inconspicuous from a short 
distance above Fort Leavenworth south to the mouth of Five­
mile Creek. The city of Leavenworth and Fort Leavenworth 
are built on a rolling plain lying only 50 to 100 feet above the 
flood plain and bounded on the west by a steep-sided ridge 
rising about 200 feet higher. 

The flood plain of the Platte averages less than a mile wide; 
the valley is much more irregular than that of the Missouri; 
and the outline of the bluffs is extremely ragged, more so than 
in most of the "alleys of northwestern Missouri. The Platte, 
like the Missouri, is c!lrving most of its valley in the quad­
rangles in resistant rocks. In a few places, however, it has 
cut across the drift filling of preglacial valleys and broadened 

its valley considerably. A typical illustration of such broaden­
ing is aft'orded by the Little Platte southeast of Trimble, in 
the Smithville quadrangle. At two places isolated rock- l' 

capped mounds rise in the flood plain. Along the Platte, 
its larger tributaries, and Bee Creek the stream banks are 10 
to 30 feet high, and in many places are bordered by low 
terraces, locally as many as three. 

The smaller valleys, of which that of Bee Creek is the 
largest, closely resemble the valley of the Platte and exhibit 
many of its characteristic features, such as the ragged outlines 
of the flood plains, the isolated mounds, and the moderately 
high and steep banks. They contain more terraces, howE>ver. 
The smallest valleys, those in which water flows during only 
part of the year, are commonly steep sided and are carved 
chiefly in drift and loess, Their chief characteristic is the 
number and distinctness of the terraces which border them 
and slope toward the outlet. These terraces are by no means 
continuous from the heads to the outlets of the ravines, and 
those which originate near the heads of the hollows commonly 
merge into the irregularities of the valley sides. Some of the 
hollows show in profile as many as five or six terraces. 

DRAINAGE. 

The Leavenworth and Smithville quadrangles lie entirely 
within the Missouri River basin. Most of their drainage enters. 
Missouri River above its junction with Kansas River, but that 
of the southwest corner of the Leavenworth quadrangle reaC'hes 
the Missouri through Kansas River by way of Little Stranger 
and Stranger creeks, and that of the southeast corner of the 
Smithville quadrangle flows into the :Missouri below Kansas 
City. 

Missouri River flows approximately S. 300 E. across the 
Leavenworth quadrangle with a gradient of only 0.8 foot per 
mile. The estimated mean discharge between October 4, 1906, 
and October 21, 1907, above Kansas River at Kansas City, was 
71,030 cubic feet per second, and during the same period the 
suspended matter passing a given point was 567,500 tons per 
24 hours. The channel frequently shifts, and the river often 
cuts across the necks of meanders and leaves oxbm,y lakes, 
sloughs, and marshes to mark its former course. Horseshoe 
and Duck lakes, as well as the other small bodies of water in 
the flood plain, lie in abandoned 1)1eanders of the river, and the 
line 'between Missouri a,nd Kansas marks the site of the channel 
at the time when the State boundaries were surveyed. The 
general tendency of Missouri River along the western border 
of Missouri is to hug its right or west bluff. The water is not 
deep at normal stages of the river and is given the appearance 
of boiling by numerous small whirlpools and eddies. The 
range between high and low water at Leavenworth is 23.8 feet 
and at Fort Leavenworth, 26.2 feet. 

Platte River and its chief tributary, the Little Platte, rank 
next to the Missouri in importance. Bottom lands are mod~ 
erately wide and well marked but are rarely marshy, even 
below Platte City, where the stream gradient is low. The 
stream banks are 10 to 30 feet high and steep. Numerous 
meanders have been formed by the Platte and the Little Platte 
and are very intricate in places. One bend brings water flow­
ing in the main river toward the mouth of the Little Platte 
within a few feet of water that has already left the Little Platte. 
At present, the Platte enters'Missouri River near Farley, but' 
formerly it did so nearly 12 miles below, near Parkville. 
'When the Missouri is in flood, water is backed up the Platte 
for many miles. 

The principal tributaries of the Missouri are Plum, Salt, 
Fivemile, and Sevenrnile creeks in Kansas, and Bee, Pedee, 
Bear, and Brush creeks in Missouri. The chief tributaries of 
Platte River and the Little Platte are Jowler, Prairie, Todd, 
First, Second, Wilkerson, Dick, and Grove creeks and Camp ~ 
Branch. All these streams are small and contain very little 
water during part of the year. Some of them, especially Bee, 
Plum, and Salt creeks, have fairly well developed alluvial flood 
plains and small but complex meanders in the lower parts 
of their courses. . 

CULTURE. 

The Leavenworth and Smithville quadrangles are thickly 
though not densely populated. Leavenworth, with a popula­
tion of 19,363 in 1910, is the largest city. Fort Leavenworth 
with 2,000, Soldiers Home with 4,281, and Lansing with 712, 
might be properly considered part of Leavenworth. Weston, 
with a population of' 1,019 in 1910, is the only other place 
with more than 1,000 inhabitants. Outside the towns the 
population is evenly distributed except on the flood plain of 
Missouri River, where few people take up permanent residences. 

The region is exceptionally well supplied with railroads, 
both steam and electric, which are so distributed that every­
where in the quadrangles there is at lea.st one within a few 
miles. The wagon roads follow land lines in the smoother 
areas and ridges and valleys in the rougher districts near the 
rivers. At present few of' the country roads are graded or 
macadamized, and the others are not all that could be desired 
in wet weather. There are splendid roads on the Military 



Reservation, and a paved street. extends from Leavenworth to 
Lansing. The Interstate Trail, which crosses the Smithville 
quadrangle Rnd connects Kan.R. City with St. Joaeph Rnd Des 
Moines, is also a good road and is an example of what can be 
done with moderate expend~ture. 

Agriculture is the principal industry in the quadrangles, but 
there is considerable manufa.cturing and coal mining at Leaven­
worth and at Lansing. The United States penitentiary, the 
military post, college, and prison ~t Fort Leavenworth, and 
the United States Soldiers' Home are within a few miles of 
Leavenworth. The Kansas State penitentiary is at Lansing. 
The other towns are chiefly agricultural trading and shipping 
points. 

DESCRIPTIVE GEOLOGY. 

STRATIGRAPHY. 
GENERAL CHARACTER OF THE ROCKS. 

The rocks of the Leavenworth Rnd Smithville quadrangle, 
consist of indurated strata of Pennsylvanian age, overlain in 
mo.t pi.... by uncon80lidated till and wind-blown 10... of 
Pleistocene age and in many places by alluvium of Recent age. 
Beneath the rocks exposed at t.he BUrf!lCEl there is, as shown by 
deep borings, a great thickness of older Paleozoic strata resting 
on a floor of granite. The general character, thickness, and 
sequence of the formations, both those exposed and those 
beneath the surface, are shown diagrammatically in columnar 
and structure sections. (See figs. 4, 5, and 7.) The forma­
tions will be described in their order of age, beginning with 
the olde.!. 

ROCKS NOT EXPOSED. 

SECTIONS. 

Many well. that range in depth from 300 to more thRn 1,100 
feet and three well. more than 2,000 feet deep have been drilled 
in or near the quadrangles. Of the three deep wells one at 
Leavenworth, Kans., is 2,116 feet deep; another at Bonner 
Springs, Wyandotte County, Kans., is 2,150 feet deep; and a 

FIGURE '.-Generalized columnar sections of roub penetrated by deep 
wells In and near the Leavenworth and Smithville quadrangles. 

1ca1e: 1 lnoh-IOO feet.. 

third at Raytown, Jackson County, Mo., near Kansas qity, is 
2,400 feet deep. (See fig. 4.) No direct paleontologic evi­
dence is available to show the age of the pre-Pennsylvanian 
etr~~ ~ncp~n~ered in th~ bo~ngs, and the lithologic evidence 

Lea.ve, .. ::'ortb-8mltb .. UIe. 
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which can be derived from drill records is not commonly 
sufficient for the differentiation of beds' tbat have no easily 
recogniz~d characteristics. Correlation of several beds, how­
ever, can l be made from well to well throughout large areas 
with a fair degree of accuracy. 

The rocks penetmted by the boring near Raytown, Mo., 
not far from Kansas City, include all of the Paleozoic section 
present, as well as some of the underlying pre-Cambrian crys­
talline rocks. The record of the drilling is as follows: 

Record of dtamond driUtng near Raytown, Mo. 

Carboniferous system: 
Pennsylvanian series: 

KansBB City fonnatlon: 
Llmeltone and shale ___________ , _________________ 112 111 

Pleuanton and Henrietta formatioDI and Cherokee 
shale: 

Shale, sandstone, limestone, and ooaJ. _ .___________ 688 750 

Millllsslppian series: 
Keokuk and Burlington liweetones: 

Lillle.atone, shelly In places. with sha1e parlings___ 75 825 
Llmt'ltone, light colored, flinty Inyt'rs ____________ _ 

Kinderhook ('I) group: 
Lhuestont', dark, with sht"lly layers ______________ _ 

CarboniferO~~'(:~;=~;:::):--D~~~~I~~~--~;--o~~j;~I~~-
IIY8telll: 

280 1,085 

100 1,185 
15 1,000 

Limestone, bluish. flne gra.ined, shelly in places___________ 57 1,257 
Ordovlcbtn system: 

St. Peter IlBDdstone: 
Sandstone, white at top. reddish at bottom _____ ~_____ 64 1,891 

Ordovician and Cambrian systems: 
Limestone. gray and brown __________________ ~~___________ 129 1,460 
Liwestone. shelly and ciayey ____________ . _____ h___________ 10 1,480 
Limestone, ligbt, coal'lle, porous ________ ~ __________________ 160 1,600 
Liulestone. sbelly ________ ._________________________________ 20 1,640 
Sandstoqe. whlte ____ . ____ , _____ h__________________________ 18 1,838 

Limestone. light. flinty. porons; water dlsappea.red ______ ~ 74. 1, '130 
Limestone, gray, clayey and sandy ____ ~_._________________ 20 1, '1110 
Lhnestone, gray, bard, flue gralned_ . __ ~_v________________ 70 1,820 
Sandstone, gray, bard, flne graJned ______________________ . lIJ 1, I!8IS 

Limestone, gritty. porous. crystulline, white and flinty In places ___________ ._. _______________ ~~ ____ ._______________ 211'i 2,000 

Sandstone, hard, coarse ______ . ______ v_____________________ 150 2,100 

Limestone, with seams ot gray and brown shale ,_________ 40 1,140 
Limestone, dark and llght, One gralned___________________ 110 1,230 
Sandstone. hard, coane _______ . ___________ . _______ ~_w_____ 98 2,848 

Pre-Cambrian: 
Granite, determined by microscopic examination of part 

of the core by the autbors ____________ w ____ ., _____ ~.______ IN! 2.401 

A proepect drilling for oil and gao wa, mad. in 1887 .t the 
north edge of Leavenworth, due south of the United States 
penitentiary and a few rods south of the road which marks the 
boundary of the penitentiary reserve. The drilling was con­
tinued to a depth of 2,116 feet, and a careful record of strata 
penetrated is said to have been preserved. 1 As the beds of the 
Pennsylvanian series were noted in greater dfltail in the shafts 
and bOI'ing at the North mine, a mile distant, only the coal 
beds in that series are given in the following log: 

Log of dt!ep wen at LeM61lWorth, Kans. 

[Altitude iU sul'faoe. a.bout 880 feet.] 

,~~- Depth. 

Quaternary system: 
Loam and clay ~ __________ . ______ • ___ w ______________ ._____ 00 20 

'Catibonlferous system: 
Pennsylvanian eeries: 

Shale and Umestone, some sandstone _________________ '700 720 
Coal (Bevier) _____________________ ~ww__________________ 721 

Clay and shale _____ ~~ ________ . ___ . __ v_~______________ 2l) '747 
CoaL __ ~ ____ .v ___________________________ . ___ v_________ '149 

Shde and IlBDdstone, lOme clay _____________ w _____ ,,~~_ 289 988 
Coal _________ .~ _______________ ._ ._____________________ 990 

Sbaleand sa.ncistone, some clay ______________________ _ 185 1,1'115 

MI!sillllippianseries: 
Keokuk and Burlington lime.Rtones: 

~=:n:So;'=a::::n ~]~~:~_~~~~_~~~:~ 8711 1,liliO 

Kinderhook (t) group: 
LimeBtone, brown ___________ w_v _________________ ~_ 20 i,'370 
··Ironp;y:r:ltes" ____ . ______ . __________ ~._____________ 5 1,1175 

Elhale, white_______________________________________ 75 1,8110 
Limestone, browu __ w ___ .__________________________ 80 1,680 

Ordovician system: 
J~ (1) limestone: 

Limestone, l1ght gray _ . ____________ ~ ___ . _______ ~ ___ ~__ 80 1,710 

St. Peter sa.ndstone: 
Sandstone. gray, ha:rd_~ __________________ ~____________ 102 1.812 
Sandstone, "Bha.rp," sOft. ____________ v ___ ~___________ 18 1,880 
"Pebble sandrock," white ____________________________ 40 1,870 

Ordovician and Cambrian systems: 
"Rock," white. hard [limestone1] ____ ~____________________ 50 1,000 
Sandstone, blue to white, soft _______________________ . ____ 90 2,010 
IJmestone _______________________________ ~ __ .______________ 106 2.118 

1 Ja.meson, E .• Geology of the Leavenworth prospect well: Kansas Acad, 
~cJ. Tran&., vol. 11, pp. 87-88, 1889. 

The very accurate record of the strata penetrated by the 
hoisting shaft of' the Kansas Sta.te Penitentiary coal mine at 
Lansing, in somewhat condensed form, is as follows: 

Log of hoisting shaft 0/ PenUenUary mine Q,t Lansing, Kum. 

[AltitUdeatsurt'aoe.about@llOfetlt.] 

ThJcknen Depth, 

------------1----
Ft. t... Ft. in. 

Hoisting house ftoorto top of stone cllrbing_. ______ . ____ 8 2 8 2 

Quaternary system: 
Sur1p,ee clay and d~bris _______ . _________ . _________ ~~_ 22 8 80 1:5 

Carbonirerous system: 
Pennsylvanian serIes: 

Lansing formation: 
Stanton limestone member: 

Shale and yellow clay __ .______________ 3 0 85 3 
Limestone, gray ~ _______________________ . 12 0 47 15 
Shale. black, slaty _______________________ 8 11 31 4 
Limestone, blne ________ . ___________ • ___ _ 

Vilas shale member: 
Shale, light drab, slaty ~ ___ , _____ . ______ . 

Plattsburg limestone member: 
Lilllestone. gra.y. hard; two very thin 

clay partings near base ____ ~ __________ _ 

Olay, green, and green "marlite" con· 
taining limestone nodules __ . __________ . 

Lane shale member: 
Shale, green; contains fOllllll plants ____ ~_ 
Limestone and shale ~n thin beds_. _____ _ 

Limestone, brown and gray; two thin 
ahale pari,ings in upper ha.lf _______ • __ _ 

S~rl~~~~e*'~:~ _~~~_t~i~_s __ ~~~ __ I~:~~_ 
Kanlas City formation: 

lola limestone melllber: 
Limestone. chiefly light gray, brown at 

top, dark gray at bottom, bard and compact __ . _________ • _____________ ~~ ___ _ 

Chanute shale member: 
Shale, black ______ ~ _____________________ _ 

Limestone; 4 inches of shale nea.r base __ 
Shale, gray at top. black a.nd bltumi· nous at bue _______ . __________________ ' 

Limestone, brown, hard ___ . ___________ ~_ 

S~~B ~:!it~E; _~~~~~_~~~~:: _~~~~_ 
Limestone, gray; has 18 inch8l!l of green sbale in lower half _________ . __________ _ 

Shale. gray and purple, very IOft _______ _ 

Drum Umestone member: 
Limestone. drab, c:Q.erty; has 8 Inches of shale near bottom __________________ _ 

Cherryvale shale member: 
Shale, gray at top, black below ________ _ 
Limestone, gray, 'bard and compact _~ __ _ 

S~a:cfe:~fitu~~o~:f: l~~!~:if_~~_ 
Limestone, dark gray _________ , _________ _ 
Shale, dark gray _______ . ____ ~ ______ -----
Limestone, light gray. soft _________ ~ ___ _ 
Shale, gra.y and bbwk __ . ____ . __________ _ 

Winterset limestone member: 
Limestone, gray, blue, and buif; has 

fn°:s~~s~~~,~_~~_:~~_=.!~.~~_~~_~~. 
Galellburg shale member: 

Shale, black a.nd slaty at top, gray at base ___________________________________ _ 

~thany Falls limestone member: 
Shale, gray, hard. m.i:x,ed with large 

nodules of limestone ______ ~ ___ . _______ _ 

LIg:~o:~/~~a r~USatb~se~ns~i 
spring at contact of two beds _________ _ 

Ladora shale member: 

Sbl~~trokgJ~t:::~~~~~~--s~~~-
Limestone, dra.b; has 8 inches of shale near middle __________ ~ ________ • _______ _ 

Shale ____________ . _______ ---------~------

Hertha limestone member: 
Limestone, light gray, BOft, sm..ly; hlUl 

, , 
28 6 

10 • 

, 4 

18 8 
, 0 

14 6 

87 0 

1810 

10 8 
4 10 . , 
1 1 

6 0 

10 4 
10 6 

10 , 

" . 
77 • 

9911 .. . 
11811 

11511 

180 • 

167 5 

186 '8 

19611 
201 9 

204 11 
206 0 

214 0 

'" 4 28910 

"" 0 

18 4 268 4 
2 8 27010 

4 8 275 
111 277 
510 28210 
1 7 28! II 

1 8 28511 

2IJ 0 81011 

5 1 816 0 

3 0 821 0 

20 1 841 1 

2 7 848 8 

B 6 847 

1 6 848 

cla.yseams ______________________ ~______ 6 0 IIIS:4 8 

Limestone, blue, hard and compact _____ 6 8 860 11 

Pleaaa.nton formation: 
Shale. drab, blue, purple, and black _____ . ___ 110 0 470 11 
Limestone, gray to dark, soft________________ 5 0 475 11 

Shale, drab to black; has two 8·lnch lime· 
stone layera and 1 ineh of ooaJ. _____ . ____ ~__ 88 0 511 11 

Coal ______________ ~M _______ ~ ____ • -------- ----

Olay, underla.in by drab shale __________ ~ __ _ 

Henrietta. formation: 
~estone, light brown, top sbaly, bottom hard . _____________ .. ________ • ______________ _ 

Shale, blue and black _______________________ _ 
Limestone, gray, hard _______________ . _____ ~_ 

Shale, black _____________ ~ _____ --------~-----
Limestone, gray, very hard _______ . _______ ._ 

Shale, blue, drab. and black __________ ~------

:r.:~h,.ei~:rtN!jl~_~~~_~_~~~~~_~~~I_~~_ 

2 512 1 · , 
, 0 

• • 
1 0 
1 0 

• 2 

521 8 

526 8 

IIBO 0 

liBl 0 

'" 0 .M 
7 a 1542 

, 11 348 6 

Sandstone, gray and brown, shaly at top and bottom~ ______ ~ ________________ c_______ 8 B M6 9 

Shale, black, IIOft _______ ~~_v ______________ ._" 12 0 568 9 

Limestone, brown, very hard, flne grained__ 8 8 572 0 
Shale, black, bituminous __________________ , _ 2 6 5'14 
OoaJ, good qQaJity_~ ____________ . _________ ,__ 8 575 
Olay __________________ ._~ __________________ _ 8 575 8 
Sandstone, gray; contains fossil plants______ 4 0 1179 8 
Shale, drab, buil, and b1ack; fOSBUferns____ 5 7 11815 
IJmestone, light gray, very hard __ ~ • 0 589 
Shale, drabandg:reen, IOft _______ .. ______ ,.,._ 9 8 398 9 
Limestone, light gray, ha.rd ______ ~___________ 2 S 600 11 



Log 01 MuUng (ihalt of PenUmUary tMne at Lanring, Ka1'l8.~00nt:lnued. 

CarbonilerouB Bystem-Oontlnued. 
Pe~nsylvanian Beries-Contlnued, 

Cherokee Bhate: 

Th~. 

Shale, blae,kj has 4-ineh layer ot BOtt lime-
Btonenearmiddle _____________________ .____ 4 9 60Ii 8 

Coa1(Lexington)j burnswell _______________ • 7 806 
Clay, drab _______ .___________________________ 0, 1 6q 
Limestone, gra.y _____________________________ 8 8 614 7 
Sbale, 'drab __________________________________ 2 8 618 10 

Limestone, llght gray, in two layers,l8pa-
rated by thin shale parting__________ ______ 4 9 621 7 

Shale, black at top, llght colored belowj 
haBsoftlimeBtoneatbottom _______________ 29 11 6lil 6 

Shc!'lTi~::t~n~ri~ ut;t!-~ ~~~ !=~r:: 
inlowerj muehgas ________________ . _______ 18 7 670 1 

Coal; burns weIL_._ . ____________ . _____ .. _____ 10 670 11 

Sandstone, blaek, hard; much gall __________ 6 2 677 1 

Shale, drab and black, slaty; 2 inehes of 
eoalatbase, muehgas _ _________ '1 8 684 4 

Shale. drab and blaek, slaty; contain. fossil shells and ferns ______________________ ._____ 27 8 712 0 

Coal (Bevier, the bed minedJ.________________ 1 9 718 9 

The top of the hoisting sh$ft of the North mine at Lea ven­
worth is 24 feet above the top of the Lansing formation, and 
the Bevier coal bed is 709 feet beneath the surface and there-­
fore 71 feet above sea level. The rocks penetrated differ only 
slightly from those shown in the Lansing record: A prospect 
shaft was sunk in this mine to a depth of 290 feet below the 
Bevier coal bed, and a boring 172 feet deep was made in the 
bottom of this shaft. The record is as follows: 

RMord, of shaft and, boring /f'Om bottom of Nd1'fh mine, Laa'Den'Worih. Kans. 

________________ IThlCklleM Depth. 

It ~11. .n .... 
Coal (Bevier, the bed mlned). _______________ . ___ .________ 2 0 708 10 
CIay----~ _____________ ~ ________________ .. ____________ .. ___ 2 0 'tl0 10 

Lime8tone________________________________________________ 2 8 718' 
Shale,~rk,sl~ty~wtth21nchesolcoa.1._ .. __________ 4 9 7181 
LimeBtone _______________ _ 
Shale ______ .. ____________ _ 
Coal ________ ~ ____________________________________ ... ____ _ 

Sha1e, dark; has 8 inches of clay at top _____ . __________ _ 
Sandstone ________________________ _ 
Limestone _______________ . __ _ 

Sandstone, light, ):niea.ceous __ 
Shale __ ' _____________ . ______________________________ _ 

1 • 
, 9 

• 0 

722 10 
7272 
7286 

'" , .. 
1 6 740 9 

14 • 
1 0 '" 

Limestone, very hard _ 2 0 
'06 
758 B 

Olay; h8.I'l red strea.ks __ ______________________ ~ 6 '68 • 
780 B 
785 8 

79' • 
79' 8 
81710 .. .. 
829 B 

Shalej eontains iron pyrites ______________________ 18 6 

Sandstone, light _ _ __ .. _ .... _____________ 15 15 

Limestone, white_______________________________ 4 10 
Sandatone, variegated ______________________________ ._____ 8 2 

Shale, light at top, black at bottom_______ ______________ 19 2 
Sandstone, wbite. soft ______________ . _ .. _____ • _________ _ 
Shale. in I*rt slaty ________________ . ____________ • _______ _ 

Sandstone, gray, dark; has black shale near base; con-tainB piland wa.ter ________________________________ _ 
Shale, black .. _________ _ __________________ ~ __ _ 

Sandstone. ve'rY hard at top, d.a.rkat bottom ______ .. ___ .. 
Shale, black, slaty _____________________________ _ 
Coal ___________ _ 

Sandstone. hard, seamed with "flint" ___________ ... ____ _ 

Sha1e, bla.ek, slatyj contains ferruginow: conoretioDs 
near top; bears streak. of eonL_ •• ____________________ _ 

Coal __________________________ . ___________ • _____________ _ 
. Shale, dark ______________________________________________ _ 

Ooal ___________________________________ • ______________ ~._ 

, . 
4 , 

,. , , . 
3011 

• 0 

• 11 
1911 

I • 

• 

M810. 
8017 

'" . '" . 
88811 
898 10 

9111 9 
9181 
917 8 

9179 
Parting oliron pyrites ________ .. ___ .. __________________ ._ 91711 
Ooal _____________________________________ : _________ ~ __ " .. _ 918 2 

Sandstone, soft __ • _____________________ .. _________________ . 11 929 2 
Shale, blaek, sandy ______________________________________ •. 2 981 4, 

Sandltone, gray at top, dark at bottom, miea.ceouB; 
con~a.iDB many plant impressions; bears g88 and water _ 48 4 979 8 

SbaJe, black. slaty; contains toHll plants____ ______ _____ 12 2 99110 
Coal _______________________________ .. ________ .-_____ _______ 1,Q 992 8 

Sandstone________________________________________________ 4., 99'1 1 
Coal__________________________________________ 2 2 999,8 
Clay ______________________________________________ ~ __ .____ 1 4 1,000 7 

Sandstone, micaceous I contaiwl fOlsll pIa.nts at bottom __ 
Shale, black _____________________________________________ • 
Ooal, Impure ________________________________ • ___________ _ 

Clay--------------------------------------------.----- ___ _ 
Shale, black, Blaty ______________ . ___ • _______ • ___ ~ _______ _ 

Sandttone, whitish, fine gtalnedl breakBeasily _________ _ 
ShaJe, black, sandy _____________________________________ _ 

Sandstone, white. micaceous. peppered with black 
specks; contains much wa.ter _________________________ _ 

Ooal ____________________________________ ~_ .. __ • _____ ~ ____ _ 

SandBtone, ripple marked; grade8 down into dark 
sandy shale __________ • ________ ._. _______ .--------- • ______ _ 

Ooal, good ______________________________ • ____ v ___________ _ 

Sandstone, white; has seam of" flint" • __ ... __ .• _________ _ 

21 8 1,02110 
6 '71,028 15 
2- 4. 1,080 9 

101,0817 
10 2 1,041 
3 8 1~ 047 

00' 2 1,069 7 

16 8 1.08310 
1 0 1.086 10 

9 7 1,096 3 
31,09610 

-". 1 1,10011 
Shale. in ~t blaek and slaty and in part sandy, seamed With "flint" ________ . __________________ • .,.______ 21 81,1222 

2 1,128 4 
9 1,124 1 

Sandstone. black; contains iron pyriteB ___ • _______ .______ 1 
Shale, black, slaty _____________________________________ _ 

Sandltone; conta.insgreenfOlBllil _______________ ~ _______ • 2- 6 1,128 '7 
Shale. black, slaty ________________________________ • ____ .__ "1,126 11 
CoaJ ___________________ .... ______________________ • 6 1,127 II 

Shale, blMk, slaty; bul'nerea.dily _________ .. ____ ~ ___ .---___ 2 0 1,129 3 

Shale, black, .. andy, lIeamed with "flint"; fOlllJil plants__ 16 7 1,146 0 
Sandstone, leamed with flint; has ehale partinglj eon-

talns ~atvolumeofwat61'-----------------:---------- 24 8. 1,170 8 

The sandstone at the bottoln of the boring is stratigraphicslly 
near the top of the "hard' white sandrock" reported in the 
Leaven'worth deep boring and probably lies near the base of 
the PennsylvaniaD series. 

A test boring for oil and gas by the Tiffany Springs Oil Co., 
~ short dis~nce south of the sonthwest'corner of the Smithville 
quadrangle, showed the following strata: 

Log o/well Dfl. the Higglns !fM"TTI, (811, iseo. 8, 1.'. 51 N., R. 84 W.), Platte 
Oownty,HD. 

[Altitude .. t surta.oe, .. bout 980 ~l 

~-Depth, 

----------------------j--
QUM.ernary lyetem: 

Soi1,l'ed"sofL_ 
Carbo~iferou8 BYBtem: 

Pe;WBYlv~ian series: 
. LansfDg forma.tion: 

S~ant6n limestone member-~ 

---------- lIS " 

Limestone, white, hard ____ .. ___________ • ___ ~ 18 28 
Shale. aoft,'slaty ____ ~ _____ .. ____ ._ ... __ • _____ •• 88 
Limestone. gray, hard _____________ . ____ ~_____ 88 

VillIoIlhale member: 
Shal"e, b~k at top, gl'ay.below_______________ 12 ISO 

Pla.ttlbnrg lim8l!ltone member: 
. Limestone, gray, hard .. ______ " .. ___ .__________ lS 68 

Lane Bb.ale member: 
Shale. soft, gray __________________ .... __ h______ 27 95 

Limelto:l1e, gra),,' bard (Farl.,. bed) _____ ______ 00 I1IS 
Shale, black., BOft ______ .. ______ 815 ·11S0 

KanlRs City formation: 
I~la.limestone member: 

, Limestone, gray. hard .. __________ .• ____ ~_.___ 80 1815 

~anute shale meIl).b81': 
Shale, gray, soft __________________ .... ___ ______ lIS 200 

I Limestone, white, 80ft (Raytown bed) ______ .__ 0 0015 
Shale, gray. 8Oft ___________ ~___________________ 115 220 

Lim,estone, gray, hard (Oel;llent City bed). _~__ 10 . 280 
Shale, black, soft. __ • __________________ ~______ 20 250 

rlrum llmeatone member: 
Lim~tone, gray, hard ___ "_____________________ 255 

qherryvale shale member: 
: Shale. black. soft ____________ .. __ ,. ___ • _____ ••• _ Hi 270 

WinterRet limelltone melJlber: 
Limestone. white, hard __________ .____________ 20 290 

GaleBburg shale member: 
Shale, brown, BOft _______ " ___ + ________ ..... ____ 295 

Bethany Falls1imeBtone member: 
Limestone, white, bard________________________ 25 820 

l:.a.dore shale member: 
; Shale and ooal, black, soft ____ ________________ 821S 

Hertha limestone member: 
Limestone, gray, hard _______________ .. ________ ]0 8815 

Pleasanton and Henrietta formations and Cherokee 
ah~le: 

Shale.IP"&Y, sott _________ . __ • _________________ ~ ____ 100 4815 
"Gas land" _______________________________________ 12 447 

Sbale;.gra.y, 8Oft _____ • _________________ .. __________ 10 4117 
Sand",gray, 8Oft _______ • ____ ._. __ ~ _____ • _____ ._____ 18 470 
S~ale, gray _______ ~_______________________________ 20 490 

"Op. sand" ___ ~------------ ____ . ______________ : ____ 1~ 500 
Sha.1e, gray, sott: ____________________ .____________ 80 580 

.. Oil'8ailll."'brown,bard .. ______ ___________ 15 54ti 
···Watereand ... • gray, soft__________ ________________ ' 5110 
Shale, gray and, black _________ .... ____ .____ 180 780 
Sandstone, hard .. _____________ .. _________ 15 745 

Shale, gray and bI8ck, a,oft __ · ___ .... ______ 70 815 
Limestone, gray, ha.:rd ________________ S17 

840 

At' Smithville a churn drilling for oil and gas was made to a 
depth of ~ feet. Coal that seemed to warrant further pros­
pecti~g was found, and a second well was drilled a short dis~nce 
from ·the first, the upper 450 feet with a churn drilJ and the rest 
with. core drill. The record of the second well i, .. follows: 

LOfl 'fJ/ 8¥oOO well in the 8W. i 8R. i see. 18. T. 58 N., R. 38 W •• '1Iear 
8mUhimlle, Mo. 

[Altitudeat.urfa.ce,8I7feet.J 

_______________________________ IThl~M ~ 

Quate;:nary ilyltem: 
S~rfacemateria.L----------------------.--M.~-~-.-----

__ ~aveL-------.-------------~-.--.-----.-----·-,--------

Carbopif'erotUI system: 
Pennaylvanian series: 

I Rani-- City formation: 
Ohanute shale member: 

Limestone (Raytown bed) _______________ _ 
ShaleM __ ~ __________________________ ~_' ____ _ 

Lim8lltone (Cemellt Oity bed) _________ • __ 
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Limestone ________ _ 
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Galesburg shale member: 
Shale, black. slatY _______ . ___ .. ___ .___ __ 16.'i 

Bethany Falla limestone member; 
Limestone .. ___________ .: _____ . ___ : •• ____ ~_ 20 1811 

Tb1ckneirI. Depth. 

Carboniferous system-Continued. 
;Pennsylvanian aeries-Continued. 

Kausas City formation-Continued. 
Ladol'6shale member: 

Shale, black, slaty~----- ____________ : ____ _ 

Hertha. limestone member; 

PleasaDton formation: 
Shale ___ ~ __________ : _____________________ "_,~ 

Henrietta formation: 
Limestone. __________________________________ _ 

Shale __ !_. __ . _______ 2 ______________________ ~ 
Limestone. ___________ _ 
Shale _____ ~ ____ " ___________________ ~ ________ _ 
Limestone ____________________ _ 
Shale ___________ _ 
Limestone _______________________ _ 

Cherokee Iha.le: 
.Bhale _____ .. _______________ • ____ _ 

Sand,stone _________ .. ____ ~ .. ____ •. 
Shale ______________________ .. __ _ 
Limestone ______________ ~ ____________ _ 

Shale, light at top, ~Iack at base_ 
Co8.1 ______________________________ _ 
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At a depth of,730 feet the first well at Smith\jlle reached 
the top of a light-colored sandstone and continued in it f<?l.74 
feet, probably to a point ,nep,r the base of the Pennsylvanian. 

PRE-CAl[BRIAN ROCKS. 

The core of the Raytown boring has at the base a rather 
fine grained crystalline rock, oomposed chiefly. of quartz, micro~ 
cline, biotite, muscovite, and apatite, ot the general type. that 
undoubtedly underlies all the. sedimentary :~ocks of thiS '~gion.' 
Under the.microscope it appears to be a granite, pOlijlibl;y-some-
what gneissoid. . 

OAMBRIAN AND ORDOVIqUN, SYSTEMS. 

The Raytown boring passed through the St. Peter sandstone 
(Lower Ordovician) and 1,027 feet of limestone and sandstone 
beneath it. The limestone is probably chiefly dolomite: and 
predominates over the sandstone. Several hundred' feet of 
strata beneath the St. Peter are probably also' of Lower Ordo~ 
vieian age. According to the opinion recently expressed by 
Ulrich, that the lowest sedimentary rocks in this general 
region lire of Upper Cambria~ age, the Lower and' Middle 
Cambrhm are not represented in the Raytown record. 

In the three deep wells in and near th,e q1,l~,d~ngles ~here 
is a sandstone 48 to 160 feet thick that cOlTesponds t<? the 
widely distributed St. Peter sandsto,ne in thicknP881 charactel', 
and e:tratigraphic relations. Its color is reported as gray an~ 
white in one well and R8 white at top and reddish at bottom in 
the other two. The sandstone is ordinarily composed of loo$.6]Y 
cemented, rounded grains of clear quartz, the reddish color 
being caused by a small amount of iron oxide. 

In the J;taytown well a 57 ·foot limestone above the St. Pet8l' 
sandstone may also be of Ordovician age, though it is possible 
that it is Devonian or even early MissiBSippian. In the other 
two'deep well, 30 to 228 feet of liinestone o.'erli .. the 8t. Peter, 
and it may be that at least the lower part of these beds is Ordo­
vician and that the upper part includes younger rocks. 

CARBONlFEJlOUS SYSTEM:. 

MIS8IS8IPPIAN SERIE8. 

Along the northwestern flank of the Ozark region nO Silurian 
and only a thin series of Devonian rocks ontcrop, but the Mis­
sissippian series is nearly everywhere present and is represented 
by both the Kinderhook group and the BurlingtOn and Keokuk 
limestones. AU three of the deep wells show 100 to 115 feet 
of sandstone, shale, and dark limestone of possibly early ~issis-­
sippian age. The limestone at the top of these beds is pro~ 
'ably Kinderhook, but the underlying shale and .ond'ton~ may 
be either Devonian or Kinderhook, probably the latter. ,It ~ 
'po68ible that some of the strata questionably correlated with the 
Ordovician may be of Devonian or Mississippian age. ' 

The interval between the rocks tentatively referred to the 
Kinderho~k group and the .Pen~sylvanian series is occ~~ie~ 
by 300 to 375 feet of light-colored cherty limestone that Corre­
sponds well to the Burlington and Keokuk limestones r:# th:e 
Ozark border. In the Leavenworth deep well a thick stratum 
that was described by the driller as "hard white sandrock" 
is probably chiefly cherty limestone, like that usually fou~d at 
the top of the Mississippian in this region; If; howeve~,. the 
driller's description be 'correct the "sandrock" would form the 
lower part of the Cherokee shale, and this shale would be much 
thicker than in any' of the many other borings in neighboring 
parts of Missonri and ~nsas. In' several drill records in Mis­
souri, near the quadrangles, the boundary between' the P-enn­
sylvanian and the Mississippian series can be easily determinea, 
but in the deep well at Leavenworth and in that southeast of 
Atchison, Kans., the base of,the'Pennsylvanian is apparently"'8, 



hard light-colored sandstone that drillers have sometimes (''On­
fused with the cherty Mississippian limestone below, making 
the determination of the boundary difficult. 

OHEROKEB SHALE. 

The Cherokee shale consists of shale and sandstone, with a 
few thin strata of limestone and several coal and clay beds. 
It rallges in thickness from 476 to 580 feet, averaging a little 
more than 500 feet, and lies unconformably on the uneven 
surface of the underlying Mississippian series. The formation 
is important economically, as it contains the most valuable coal 
deposits of the region., No coal has been found below its hase. 

The portion of the Cherokee shale above the Bevier coal 
horizon contains several rather persistent beds !it its outcrops 
in north-central Missouri. Rocks that mark the horizons of 
the Summit and the Mulky coal beds have been identified in 
many parts of an area of several thousand square miles. In 
the records of the shafts in the Leavenworth quadrangle these 
beds can not be identified with certainty, for the section is 
somewhat different in detail from that in the nearest district in 
which the Cherokee outcrops. As shown by borings in and 
near this part of the Missouri Valley, however, the beds pene­
trated near Leavenfiorth are fairly persistent throughout rather 
large areas, and this persistency applies to beds even lower 
than the Be"ier coal, which is about 115 feet below the top of 
the Cherokee and is well marked by the SO-inch bed of char­
acteristically nodular limestone upon which its underclay rests. 
Although it can not be identified with certainty in the Smith­
ville borings, the Bevier coal and the characteristic beds just 
above and below it are much the same at and near Leaven­
worth as in north"'Central Missouri. 

Many fossil plants hav~ been obtained from these beds in 
tbe sbaft of the Penitentiary mine at Lansing, and the follow­
ing species are recorded by White and Sellards j presumably 
thflY are from the roof shale of the Bevier coal bed. 

Eremopterillolida. 
EremopterfB miSliouriensis. 
PseudopecopterJs obtusiloba. 
Pseudopooopteris squamosa. 
MarJopterJs occ!dentaJls. 
Sphenopteris denticulata. 
Sphenopteris pinnat18da. 
Pecopteris vestita. 
Peeopteris squamosa. 
Peoopteris vllloea t 
Pecopteris unita. 
Alethopteri8serlii 
Alethopteris serlii miuour:lensis. 
CalIipteridium sullivautii 
Odontopteris papilionacea. 
Neuropteris rlU'inervis. 
N euoopter!s vermicularill, 
Neuropteris OVIj.ts.. 
Neuoopterl8 missouriensis. 
Neuoopteris corlaeea. 
Neuropteris caudata. 
Neuropteris scheuchzeri. 

NearopteriB gilmani. 
NearopteriB clarkson!. 
Linopterie obUqaa. 
Calamites 8uckowif. 
A8terophylllteB equlsetiformis. 
Annularla sphenophylloid611. 
Annula.rJa 8tellate.. 
CalarDostachys brevifolia1 
Sphenophyllnm emarginatllm VlU'. 

minor. 
Sphenophyllum ouneifollum? 
Macrostachla infundibuliformis. 
Lepidodendron 8eutatuw. 
Lepidodendron clypeatum 1 
Lepldostrobw cultrifonnis. 
Plintheotheca angularis. 
Rbabdo&U'pos mammiiatuB. 
Rhabdoca.rpOB cf. multistriatuB. 
Trlgonocarpum schultzf.a.nnm. 
Cordianthus ovatus. 
Cordaicarpon cinctum. 

According to White, this list includes several species not 
known above the upper Pottsville in other regions. Other 
species are found only in the lowest Allegheny beds of the 
Eastern Interior coal field Emd the Appalachian trough, and 
still others have a higher range. The flora evidently is not 
younger than the Brookville flora, the lowest in the Allegheny 
formation. On the other hand, it might be regarded by sonftl 
paleobotanists as older. According to the Old World classi­
ficHtion, it would appear to flln in the Middle Coal Measures of 
Great Britain and in the uppermost zpne of the Westphalilin 
in Continental Europe. Recent paleobotanic work by White, 
in Mi:3130uri has shown that the Bevier coal bed marks approx­
imately the bound!lry between the Pottsville and the Al1egheny 
formations of the Appalachian basin. 

The invertebrate fossils in the following list were collected 
from the roof shale of the Bevier coal in mines at Leavenworth: 

Lingulidise:ina missourfendlil. I Pustula. nebrai!kenm. 
Ohonetes mesolobus. Marginifera muricata. 
Chonetes mesolobu8 var. decipi· Spirlfer cameratUi!. 

ens. . Oowpoaita subtUlta. 
Ohonetes verneuilianus. A viculipecten rectllaterariw. 
Productus semireticulatas. Pseudortho06rae knOIeWle. 

HENRIETTA. lrOHHATION. 

The Henrietta formation, like the Cherokee shale, underlies 
a large area in northwestern Missouri and eastern Kansas, 
including the I...-eavenworth and S~ithville quadrangles. It is 
distinguished from the Cherokee shale and the overlying 
Pleasanton formation by the number and persistency of its 
limestone members, though shale and sandstone form about 
half its thickness, which in this region is 40 to 80 feet. The 
chal'Hcter and stratigraphic relations of the formation are essen­
tially the same as those which it possesses in outcrops in north· 
ern Missouri. 

The Henrietta rests conformably on the underlying Chero­
kee shale and in most places is overlain conformably by 
the Pleasa.nton forma.tion. Erosion that took place during 
the PleasantoJ) epoch, however, removed the lower part of the 
Pleasanton formation in a few places and, less commonly, 
the upper part of the Henrietta, so that beds of the upper 
Pleasanton rest unconformably on the Henrietta. 

Le.veaworth-SmlthvUle. 
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The Henrietta has been divided into three members, which 
are, beginning with the lowe.st, the Fort Scott limestone, the 
Labette shale, and the Pawnee limestone. All three subdivi­
sions can be recognized in most of the borings in these quad­
rangles, but shale partings in the limestone and limestone 
lentils in the shale make it difficult to define their limits aceu· 
rately. The Henrietta is nearly equivalent to the Appanoose 
formation of the Iowa Geological Survey and is the lower part 
of the Marmaton formation of the Kansas University Geolog­
ical Survey. 

The PleRsanton formation consists chiefly of shale, some 
sandstone, thin lellses of limestone near the middle, and a few 
rather lenticular and .thin coal beds. In thickness it ranges 
from 110 to 200 feet and averages about 150 feet. It thins 
toward the northwest. 

Lithologically and stratigra.phica1ly the formation here termed 
the Pleasanton closely resembles the outcropping beds origi. 
nally grouped under that name in Kansas. l The restriction 
of the name to the upper part of the formation by some geol­
ogists appears to be unjustified, 8S it has been used for years 
in its original sense in both Missouri and Iowa. As mentioned 
in the description of the Henrietta formation, there is an 
unconformity within the Pleasanton, so that sandstone of late 
Pleasanton age, which is absent from many places, rests in 
other places on beds of early Pleasanto~ or even of Henrietta 
age. 

ROCKS EXPOSED. 

CARBONIFEROUS SYSTEM. 

Di8tribution.-The Kansas City formation outcrops along 
the creeks near Smithville and on the headwaters of Shoal 
Creek, in the southeast corner of the Smithville quadrangle. 
Only the upper half of the formation is exposed at these places 
(see fig. 5), but the whole of it has heen penetrated by several 
shafts and drillings in other parts of the quadrangles. Between 
the Leavenworth quadrangle and the vicinity of Kansas City 
there are many fine exposures of the formation along Missouri 
River. 

Oharacter and thickne88.-The formation rests conformably 
on the underlying Pleasanton formation. It consists essen· 
tially of limestone, although it contains much shale and in 
places some sandstone. The shale is prevailingly blue but in 
some beds is reddish or greenish. Most of it is of the com· 

In the detailed log of the Kans," State Penitentiary coal shaft 
at Lansing, where the formation has about the average thick· 
ness, lOBt feet of the total of 193j feet i, limestone. The 
thickness of the whole formation ranges from 175 to '228 
feet in this region and averages about 194 feet. 

Subdivi8ions.-The formation is subdivided on lithologic 
grounds into the following nine members, in order from the 
base up: Hertha limestone, udore shale, Bethany Falls lime­
stone, Galesburg shale, Winterset limestone, Cherryvale shale, 
Drum limestone, Chanute shale with Cement City and Ray· 
town limestone beds, and lola limestone. All these members 
are persistent and va.ry only slightly in detail from plllce to 
place. The following is a generalized section of the members 
that outcrop in the quadrangles: 

(hnerali$ed, aectum of Kamas Oity formation In 8mithrJille guadf'anglB. 

lola limestone member: Feet. 
Limestone, gray, thin bedded ______________ ~ ___ h__ 8-14 
Shale, blue or gray ~~ __ ~ ___ ~~_~ _______ ~ __ ~ ________ ~ t-l 
Lim6.l!ltone, even layer: contains fOl!lsil sponges_~__ 1 

Ohanute shale member: 
Shale, blot', argillaceous, ealaareoua at top In places 8-20 
Limestone, thin bedded, baa shaIy partings; a 

coarse-grained orlnoldal layer at base (Raytown 
bed) ~. __ . ____ • __ ~ _______________________________ ~ 8-4i 

Sbale, black, slaty where thin but containing dark 
clayey shale above slaty portion where thlck____ 1-7 

Limestone, even layer _____ . _____ ~ ___________ .------ i-l 
Shale, blue or buff; contain8 a hard Jayer of mlaa-

ceous sandstone in places __ ~~ ____ ~_______________ 10-1~ 

Limestone. gray (Oement City bed) ___________ ~ ___ ~ 6-6 
Shale, greenlsh ___________ ~ _________ ~ ______ ~~_. ____ 5-10 

Drum Ilmestone member: 
Limestone, gray, oolitic In plaees _____ .. __________ . _ 6-8 

Cherryvale shale member: 
Shale, blue __________ ~ __ ~ __ ~~ ________ ~~ ______ .. _____ 9+ 

The log of the Penitentiary coal ,haft.t Lansing (pp. 3-4) 
shows in detail the character of the formation in the Leaven. 
worth quadrangle, where it lies below the surface. 

FoBBi18.-The following invertebrates, collected. from the 
Kansas City formation in the Smithville quadrangle, were 
identified by G. H. Girty: 

Fusulina secaliea 1 
HeUospongla ramosa. 
Lophopbyllum profundum. 
Oonulal'ia crustula? 
Oyclotrypa barberl. 
Fenestella tenax. 
OraWa modesta t. 
Chonetes verneuDianus. 
Productus semireticulatus. 

PaBtula nebrlUlkensis. 
Marglnifera splendenB. 
Ambocoelfa planiconve:ra. 
Splriferina kentuckyensfa. 
Ollothyridina orbicularis. 
Composita BubtlUta. 
Scbizodu8 IIIp. 
GrJiHthidea sp. 

Correlation.-The Kansas City formation is the lower part 
of the Potta watomie fonnation of the Kansas U ni versity Geo-

Four beds of Ilmet!tone 81!p41'&te4 b7 Ih&le. The Fol'IDll. with the undwl:yln&' Ilhllle. till'! hlgharrt 
thlokuppe.rIimHtoDeoont.lulche:rtuodulelJ. UIllII'PllleDtmther:eaiOll. 

Thethlokea.ndlton"atthebaaemt.helouth third 
oetheqUlldrllDl'lelforDlll.hJghupillDdbelt. 

~~~u~~e!~}'n ~~~ao~)Il.t~ ~~ll't~thJ n:':~t~I::!.u'!~':i~=. elclI,rplllent 
thequadraDI!'!8II. 

FIGURE· 6.-Generalizt'd columnar seotion of the consolidated rocks exposed in the Leavenworth and Smithvme quadrangl6ll. 
Scale: Imch=l00feet. 

mon argillaceous type, but three layers are of the black slaty 
variety. The limestones are light gray, blue, and buff, mostly 
fine gmined, and noncrystalline. They range from thin bed­
ded to maSBive and oolitic, and a few of them are cherty, 
particularly those in the upper part of the Winterset member. 

logical Survey and includes the upper part of the Coffeyville 
formation, the Drum formation, and the lower part. of the 
Wilson formation of Schrader in southeastern Kansas. As the 
result of recent cooperative geologic work in Missouri by the 
authors it became apparent that the Pottawatomie formation is 
naturally divi,ible, both lithologically and paleontologically, 
into two units, the lower of which was named the Kansas City 



limestone and the upper the Lansing formation. l In a sub­
sequent publication 2 the name of the lower unit was changed 
to Kansas City formation, and the reasons for its segregation 
and· for the names applied to its members were fully explained. 
The other major and minor subdivisions of the Pennsylvanian 
series, as used in this folio, were similarly discussed in the 
same report. 

Distrioution. - The Lansing formation has a wide surface 
distribution in the two quadrangles. It outcrops on most of 
Platte River drainage, on Bee Creek to '\Voodruff, and on the 
Missouri to points near Weston and Leavenworth. In other 
parts of the quadrangles it underlies the younger Pennsyl­
vanian formations. 

Character and thickne88.-The formation is 120 to 146 feet 
thick, averaging about 130 feet. It. lie~ conforrpablY· upon the 
Kansas City formation and consists chiefly of alternate beds of 
shale and limestone, the limestone being a few inches to 40 
feet thick and comprising less than 'one-third of the whole. 
(See PI. 1) The lower half is known as the Lane shale mem­
ber and consists of argillaceous shale at the base and sandy 
shale and sandstone at the top, the whole being about 60 feet 
thick. Between the two phases, near the middle of this mem­
ber, lies the Farley limestone bed of highly variable thickness 
and character. 

The upper half of the Lansing formation contains thick beds 
of limestone and is subdivided into the Plattsburg limestone 
member at the base, the Vilas shale member in the middle, 
and the Stanton limestone member at the top. The Plattsburg 
limestone member is a blue or bluish-gray limestone in regular 
beds with a few thin partings of dark shale and scattered nod­
ules of chert, the whole being 15 to 25 feet thick, (See Pl. 1.) 
The Vilas shale member is a blue sandy micaceous shale with 
thin layers of sandstone in places. It is 4 to 24 feet thick, the 
most common thickness being 20 feet or more iu most of the 
area but decreasing toward the southeast. The Stanton lime­
stone member is about. 30 feet thick and is composed of three 
beds of limestone separated by shale. The lower limestone is 
a dark, even-bedded rock 2 to 4 feet thick, locally called the 
Hdimension rock;" the lower shale is about 5 feet thick awl 
is in part black and slaty; the middle limestone layer is 10 to 
16 feet thick, gray at the base to buff in the upper 3 to 5 feet, 
and thin bedded and is the ledge usually exposed in bluffs 
(PI. IV); the upper ,hale is 2 to 20 feet thick, argillaceous 
where thin ,but sandy where thick; the upper limestone is a 
gray thin-bedded sandy fucoidal limestone, seldom seen in 
natural outcrops. Except the upper shale layer, which thickens 
notably to the southeast, each of these di visions is remarkably 
uniform OVl;lr large areas. 

8ectiom.-At Lansing, the type locality, the limestone bed 
at the top of the formation is 3 feet thick, and the shale which 
nnderlies it is 7 feet thick and includes a calcareous sandstone 
layer near its middle. The rest of the formation is shown in 
the log of the Penitentiary coal shaft at Lansing, in which the 
highest limestone stratum is the middle bed of the Stanton 
limestone member. The Farley limestone bed, which includes 
practically all the limestone in the Lane shale member, is 
exceptionally thick in this locality. 

The railroad cuts near the Platte River bridge of the Kansas 
City, Clay County & St. Joseph Railway haye furnished 
exposures in the upper half of the formation that differ some­
what in detail from the section at Lansing. 

Section of upper half of Lansing formation 6 miles west of Smithville, Mo. 

Stanton limestone member: Ft. In. 
Limestone, gray; has thin shale parting near base__ 2 8 
Sbale, greenish and argillaceous at base, sandy above 6 8 
Limestone, buft' and argillaceous at top, gray and 

thin-bedded below; bllif shaly partings_________ 15 
Shale, black and slaty in lower half. blue above___ 5 
Limestone, blue, even bedded and in four or more 

layers _____________ ._____ 3 0 

VUas shale member: 
Shale, blue, sandy___________________________________ 4 6 

Plattsburg limestone member: 
Limestone, banded gray, wavy laminfW, weathering 

burr and sandy _______ ._______ _____ 1 

Shale. buft'; contains layers and nodules of limestone g 
Limestone, blulsh:gray; bas three thin shale partings 12 10 
Shale, blue·black at top; contains layers and nodules 

of limestone In lower half ______________________ _ 
Limestone, blue ___________________________________ _ 
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Owing to the exceptional development of the Fa.rley lime­
stone bed near Lansing, the section of the Lane shale member 
at that town is hardly typical for most of the quadrangles. The 
following section, measured in a road near Crows Creek (SE. i­
sec. 30, T. 53 N., R. 32 W.), sho'ws the normal phase-of the 
member in this region. As the Plattsburg limestone rests upon 
the highest stratum of the section and the lowest stratum rests 
upon' the, tola limestone, all the Lane shale is known to be 
represented. 

,'Hinds, Henry,' Coal deposits" of Missouri: Missouri Bur. Geology and 
]tIfnes,,2d Ber., vol. 11, p. 7, 1912. 

~ Hinds, Henry, and Greene, F., :C .. ,Stratigraphy of the P,ennsylvanian 
series of Missoud: Missouri Bur. Geology and Mines. 2d sel'., vol. 18, 1915. 
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Section of Lane shale member $ miles southeast of Smith1)ille, Mo. 

Plattsburg limestone. Ft, In. 
Shale, sandy; has I} inehes of limestone near top _____ 21 3 
Limestone, gray, massive; eomposed of comminuted 

fossils (Farley limestone bed) ___________________ _ 2 0 
Shale, argillaceous at base, sandy and with thin sand· 

stone beds near top ____________________ .,,_ .. _._ 56 0 
lola limestone. , 
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Fossili.-Large collections of invertebrates were obtained 
from the Lansing formation in both quadrangles. The fauna 
is remarkably varied, including an unusual number of speci­
mens and species "from most of the larger zoologic groups. 
The following list, prepared by G. H. Girty, is not complete, 
but it shows to some extent the variety of the fauna and some 
of the more interesting and abundant species. In addition to 
the species listed, the fauna includes most of the common types 
of Pennsylvanian brachiopods. . 

Heliospongia ramosa.. 
Lophopbyllum profundum. 
FistuUpora carbonaria. 
Cyclotrypa barbel'l. 
Enteletes hemiplicatus. 
Derbya bennett!. 
Derbya crassa. 
Chonetes verneuilianus. 
Productus insinuatus. 
Edmondia ovata. 
:fucula anodontoides. 
I.eda arata. 
Monopteria glbboBa. 
Pseudomonotis hawnf. 

I Pseudomollotis kansa.sensis. 

I Hyalina ampla. 
Myalina kansaseneis. 

I MyalIna subquadrata. 
Myalina swallow!. 
Deltopecten occidentalis. 
Euphemus carbonarlus. 
Bucanopsis meekana. 
Bucanopsis bella. 
Goniospira lasallensis. 
Metacoceras Inconsp!cuulll. 
Philllpsia major. 
Ba1rdia beede!. 

C01'relation. - The Lansing formation corresponds to the 
upper part of the Pottawatomie formation of the Kansas Uni­
versity Geological Suryey and the upper part of the Wilson 
formation of Schrader in southeastern Kansas. The reasons 
for its segregation as a forn1ation ullit have been mentioned in 
connection with the correlation of the Kansas City formation. 

DOUG-LAS FORMATION. 

Distribution.-The Douglas formation outcrops over a large 
part of the Leavenworth quadrangle and in the northwest 
corner of the Smithville quadrangle. The thick sandstone bed 
that stretches across the southern third of both quadrangles is 
also a member of this formation. The Oread escarpment, 
along which all or most of the formation outcrops, stretches 
Houthwest from Leavenworth across Kansas and is one'of the 
notable topographic features of the region. 

Character and thickness.-The Douglas formation is 280 to 
340 feet thick, averaging about 300 feet. It rests conformably 
upon the Lansing formation in most places. There is a local 
unconformity within the formation, however, and in places the 
oldest Douglas deposits and the top of the Stanton limestone 
member of the Lansing formation were removed, and beds of 
late Douglas age replaced them. In some places, therefore, 
there is a slight unconformity between the two formations. 

The formation consists chiefly of shale but has at the top a 
persistent limestone mem ber, thicker than most limestone beds 
in the Pennsylvanian series of this region, and in its lower part 
two limestone beds that are locally conspicuous; in part of the 
region it contains considerable sandstone. A few thin and 
rather impure coal beds are more or less regularly interbedded 
with other beds. The Douglas is subdivided, on lithologic 
grounds, into the Weston shale member at the base, the Iatan 
limestone member next above it, the Lawrence shale member 
above the Iatan, and the Oread limestone member at the top of 
the formation. ' 

The Weston shale member is as a rule a bluish or drab 
argillaceous shale, containing ferruginous concretions composed 
of concentric shells that weather out on exposed surfaces. Its 
thickness is' 55 to 100 feet but appears to increase consistently 
to the north, not being known to vary more than 10 feet in 
any squ,are mile of the area. 

The Iatan limestone member is a light-gray limestone, in 
many places filled with large brachiopod shells that are in 
part replaced by crystalline calcite. (See PI. TI.) In parts 
of weathered ledges, these shells resist weathering and project 
beyond the matrix, giving the rock the appearance of a 
cemented "oyster bed"; in other parts the shells or the cal­
cite replacing them goes into solution first, giving the rock a 
pitted appearance that has caused' it to be confused with the 
limestone conglomerate at the base of the Lawrence shale mem­
ber. The absence of well-developed bedding planes and the 
presence of vertical joints cause large blocks to slip down over 
steep slopes of the underlying shale wherever the Iatan forms 
an escarpment. At a few places blocks several acres in area 
appear to have been displaced in this manner. The thickness 
of the latan ranges from 5 to 22 feet, but the change is gradual 
from place to place. 

The basal bed of the Lawrence shale member is 9 to 20 feet 
thick and resembles the '''eston shale. Above this is a thin, 
more or less lenticular coal bed overlain by a few feet of cal­
careous shale and shaly limestone that is exceedingly fossilifer­
ous. This is succeeded by thick argillaceous and sandy shale, 
containing one or two thin beds of limestone, one of which 
thickens to 22 feet near St. Joseph, where it is known as the 
Amazonia limestone bed. In a zone 25 to 80 feet below the 

top of the member one or more thin coal seams are interbedded 
with shale and shaly sandstone. Above this zone there is 
generally more or less sandstone and sandy shale to a horizon 
within 10 or 15 feet of the top of the member. A persistent 
bed of red clayey shale, grading to white or blue above, marks 
the upper boundary of the formation. Because of its position 
on the steep slopes of the Oread escarpment, the Lawrence is 
rarely well exposed, and the weathering out of the sand grains 
in the shale has led some observers to believe that it contains 
more sandstone than it does. The thickness of the Lawrence 
member, where the Iatan limestone is present, ranges from 170 
to 210 feet. 

The succession outlined above for the Douglas formation 
holds true in most but not in all parts of the quadrangles. 
South of Onemile Creek in Kansas and of latitude 39° 20' in 
Missouri a thick deposit of sandstone and sandy shale appears 
in the lower part of the formation. In this southern area the 
lower part of the Lawrence shale, all the Iatan limestone, and 
all or 'part of the Weston shale were removed by erosion during 
late Douglas time, and the broad valley thus formed was filled 
before the deposition of the Oread limestone member with sedi­
ments that nOw form massive sandstones and sandy shales and 
that locally carry lenses of brecciated limestone near the base. 
This deposit is more than 100 feet thick in places. It forms 
part of the Lawrence shale member and is shown on the maps 
with the same symbol. At Tiffany Springs there are 100 feet 
of massive brownish-buff sandstone, though ordinarily the mas­
sive phase is thinner and sandy shale is intercalated with the 
sandstone. rrhese beds rest on different parts of the Weston 
shale in most of the Kansas area and on the thickest ledge of 
the Stanton limestone in most of the Missouri area. (See PIs. 
TIl, IV, and V.) The brecciated limestone consists of small 
subangular fragments of' reddish-buff limestone and shale, a few 
clay ballsl and fragments of' fossils, the whole being embedded 
in a calcareous matrix, 8 feet or less thick, and interbedded 
with sandstone in places. Limestone of this type outcrops 29 
feet above the Stanton limestone near the Santa Fe depot at 
Leavenworth, 58 feet above the Stanton at the Soldiers' Home, 
and 15 feet above it near East Leavenworth. The same 
deposit lies on the Stanton near Lansing, at East Leavenworth, 
and 2 miles southeast of Nashua. In places there are large 
concretions of firmly cemented, white calcareo.us sandstone at 
the base of the massive buff sandstone. (See PI. III.) 

At the top of the formation is the Oread limestone member, 
30 to 60 feet thick. It closely resembles, lithologically, the 
three upper members of the Lansing formation and has also 
been confused with the Stanton limestone member. The low­
est bed of' the Oread member is a blue limestone, 3 to 10 feet 
thick, that weathers, buff or gray. Just above it is a bluish 
shale ranging in thickness from 7 to 16 feet and underlying 
a dark, even-bedded limestone that is in two or three layers 
and about 2 feet thick. (See PI. V1.) The shale above this 
limestone is black and slaty in the lower part and bluish above 
and is 5 to 16 feet thick. The highest bed seen in most 
exposures of the Oread is a bluish-gray, cherty limestone in 
layers 3 to 12 inches thick that are separated along wavy bed­
ding planes by buff and shaly material. This limestone is 10 
to 35 feet thick and is the" main ledge" of quarrying opera­
,tions. Above the" main ledge" and separated from it by a 
few inches to 3 feet of blue shale is the "Waverly flagging," 
a bed that has a maximum thickness of 4 feet in this region 
and is a gray, cross-bedded limestone with a splintery fracture 
and thin interbedded layers of" cone-in-cone." The "Waverly 
flagging" outcrops in few places and was probably largely 
removed by preglacial erosion. The lowest limestone of the 
Oread also is generally concealed, but the "ma,in ledge ll is con­
spicuous and has had a marked effect upon the topography of 
the region. . 

8ections.-The following section was measured on the bluffs 
northwest of Weston: 

Section of ])ouglas formdUon 9-1 mile8 northwest of Weston, Mo. 

Oread limestone member: 
Limestone, gray, weathering buft', cherty. shaly; haa 

wavy partings ("main ledge")_________________ 10 0 
Concea.led ____________________________ .. ______ 22 0 
Limestone. buff, in one bed _____________ ._ _ IS 6 

Lawrence shale member: 
Concealed; probably shale ______ •• _______ 17 
Shale, red at top, sandy in greater part________ 44 
Concealed; fragments of shale and sandstone_______ 94 
Limestone, sandy. with linch of shale at baae _____ _ 
Coal. rather shaly __________________________ 1 
8hale____________ ___________________________ 18 

Iatan limestone member: 
Limestone, gray ______ , _____ "'_______________ Ui 0 

Weston shale member: 
Chiefly shale {base not reached)____________ 40 0 

263 1 

The following nearly complete measurement of the .for­
mation was obtained in the Fort Leavenworth :Military 
Reservation. The Oread limestone member was meRiilllred 
at the United States Military Prison quarry on the north 
end of Hancock Hill, the Lawrence shale and lawn limestone 
at the prison stockade half a. mile south of Wade, and the 
Weston shale at the Fort Leavenworth railroad station. 



Section of Douglas formation in Fort Lea'IJenworth MiUta1'Y Rese1'1lation, 
Kans. 

Oread limestone member: 
Limestone, lIght'gray, cherty, irregularly bedded 

at top, yellowish impure layer at base ("main 
ledge") _______ _ 

Shale, blue ______ _ 
Concealed __________________ . __ 

Limestone, dark brown to drab __ _ 
Lawrence shale member: 

Interval, chie6y shale; including allowance wade 
for dip ___ ~ _______ _ 

Shale, dark blue, plastic __________________________ _ 

Limestone, in part crysta11lne,:ln part subcrystal-
line and impure _______________________ _ 

Shale, indurated, calcareous bands near top __ 
Coal _____________ ~. __ . _____________ . ___ . __ 

Shale, blUe, slightly sandy __ 
Iatan limestone member: 

Limestone, llght gray, very fossiliferous and much 
crystalline calcite associated with the fossils __ 

'Veston shale member: 
Shale, drab and light blue, only slightly sandy ___ _ 
Concealed; probably ~hale, to top of Lansing tor-

matlon ____ _ 

810 
2 0 

23 0 
• 0 

154 , 
1 

11 

18 0 

12 0 

35 0 

27 0 
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Nearly complete measurements of the formation where the 
latan member has been removed were obtained by combining 
outcrops from Leavenworth west to the Oread escarpment, 
allowance being made for the dip. In the following section 
the strata down to and including the 107 -foot red and buff 
sandstone were measured near the northeast corner of sec. 33, 
west of the city, the next lower stratum was measured in the 
NW. -l- sec. 34, and the rest of the section a short distance ·west 
of the Santa Fe station at Leavenworth. The lower part of 
the Lawrence shale is highly variable lithologically near the 
city, and the base of the member lies at various distances from 
the base of.the Douglas formation. 

Generalized section of IJouglas formation west of Leavenworth, Kans. 

Oread limestone member: 
Limestone, light gray, cherty at top, mostly irreg-

ularly bedded ("main ledge") ___________________ . 10' 0 
Shale, drab at top, black and slaty at base_________ 6 0 
Limestone, blue, even bedded, compact ("dimen-

sionrock") ______ _ 
Concealed; probably shale _____ _ 

110 
10 0 

Limestone, buft', impure __ _ , 0 
Lawrence shale member: 

Shale, argillaceous _________________ _______________ 12 

Sandstone, gray, calcareous, thin bedded__ B 0 
Shale, drab, slightly sandy 18 0 
Coal, dirty _____ ______________________________ _ /j 

Shale, bluish drab, arglllaceous ______ . _______ . ___ :3 0 
Sandstone, buff, argillaceous, very thin bedded. 7 0 
Shale, drab, sandy at top and bottom. ___________ . 73 0 
Sandstone, red and buft', massive at top and bot· 

tom, alternating with buff sandy shale in greater 
part ___________________________________________ . 107 0 

Limestone, reddish buff, brecciated, ferruginous, 
fossiliferous, irregularly bedded with sandstone 
and grading int{) sandstone above and below ____ 1-6 0 

Sandstone, red, thick bedded ____ .. __ ________ 4 0 
Weston shale member: 

Shale, dark blue. argillaceous, to top of LanSing 
formation _____ "_ . ________ _ 25 0 
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Fossils. - The Douglas formation is perhaps the richest 
faunally in the quadrangles. The collections are numerous 
and include many species. The list below, prepared by G. H. 
Girty, is intended to show their variety and some of the more 
abundant or more interesting types. Many species have been 
omitted, and the fauna includes, besides those listed~ all of 
t.he common Pennsylvanian brachiopods. The Douglas fauna 
closely resembles the Lansing fauna \vhich prp.ceded it and 
shows the same rich variety of forms. Among the types not 
yet obtained from the Lansing may be mentioned Chonetes 
geinitzianus, which is abundant, Tegulife1"a, Bell-eroplwnstevenBi­
anus, Orestes inte1·textus, and Trepospira sphaerulata. 

Fusulina secalica, 
Lophophyllum profundum. 
Hydre:lonocrinus acanthophorull. 
Hydreionocrinus mucrospina. 
FistulIpora carbonaria. 
Fistulipora zonata, 
Cyclotrypa barberi. 
Llopora subnodosa. 
Enteletes hemiplicatus_ 
Derbya bennetti. 
Derbya broadheadi. 
Chonetes geinitzianus. 
Tegulffera kansasenBis. 
Nucula anodontoidee. 
Nuculopsis ventricosa. 
Leda arata. 
Monopterla marian. 
Myalina Bubquadrata. 

Modiola eubelliptioo. 
AlleJ'isma terminale. 
Astartella concentrica. 
Bellerophon stevensianus. 
Patellostium montfortlanum. 
Euphemus carbonarius. 
Bucanopsis meekana. 
Pharkidonotus percarinatus val'. tri-

carinatus. 
Goniospira lasallensis. 
Phanerotrema grayvillense. 
Orestesintertextus. 

I 
Trepospira spbaerulata_ 
Schizostoma catilloides. 
Aclisina quadrlcarinuta. 
Pseudorthoceras knoxense. 
Bairdla beedei. 

Correlation.-The Douglas formation is the equivalent of 
the IIBuxton formation" and the Oread ("Painterhood") lime­
stone of southeastern Kansas, the "Buxton" including the 
Weston, Iamn, and Lawrence members of the Douglas. The 
term Douglas has been in use as a Kansas formation name for 
a long time, but the names applied to the members differ from 
those most recently employed by the Kansas University Geo­
logical ~urvey. 

General character.-The Shawnee formation occupies only 
a very mall area in the Leavenworth quadrangle, having been 

Leavenworth-SmIthville. 
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identified in less than a square mile in the extreme northwest 
corner. Only the lower portion of the formation remains, the 
rest having been eroded prior to glaciation. It is probable, 
however, that patches of the lower part of the formation are 
concealed beneath glacial drift in a few other places above the 
Oread escarpment. That part of the formation represented in 
the quadrangles is shown in the following section, obtained in 
the hills northwest of latan: 

Section of lower part of Shawnee formation northwest o/Iatan, Mo 

Lecompton limestone member: 
Limestone, buff __________________________ _________ 2+ 

Kanwaka shale member: 
Sandstone and ehale, former at top ______ -. ________ .. _ 80 0 
Limestone, blue, shaly, ferruginous; weathers buft'__ 6 
Shale, poorly exposed 18 0 

Douglas formation. 
50 • 

The Shawnee formation is conformable on the underlying 
Douglas formation. The name Shawnee is that of a county 
in Kansas a few miles southwest of Leavenworth and has 
been in use for years_ The sandstone in the Kallwaka shale 
member is the equivalent of the Elgin sandstone of reports on 
southeastern Kansas. 

Fossils_ - The following fossils were obtained from the 
Shawnee in this area and were identified by G. H. Girty: 

Fusulina secalica. 
Fusulina Bp 
Lophophyllum sp. 
Monilipora prosser!? 
Fistulipora zonata. 
Tabulipora distans? 

I ~~~;~~::e~::e~oSi. 
Chonetes granulifer. 
Marginifera wabashensis. 
Spirifer cameratus. 
Composita subtilita. 

QUATERNARY SYSTEM. 

The deposits of Quaternary age comprise bowlder clay and 
loess, with associated beds of sand and gravel, of Pleistocene 
age, and aUu vial deposits and rain wash of Recent age. They 
form a blanket covering nearly the whole surface of the quad­
rangles and nearly everywhere at least partly concealing the 
underlying indurated strata. 

PLEISTOCENE SERIES. 

AlI'TOl'fUN(?) GRAVEL AND SAND. 

Deposits of bowlders, gravel, and sand, found at a number 
of places in the Leavenworth and Smithville quadrangles east 
of Missouri River, have been mapped as probably Aftonian. 
They outcrop in the hills south of Weston, at several places on 
Murray Branch west of Settles station, in the cuts for the Kansas 
City, Clay County & St. Joseph Railway 2 miles northwest of 
Hoover, at the mouth of Crow Creek northeast of Smithville, 
and east of the Smithville quadrangle on the north side of 
Camp Branch. (See PI. VII.) Their distribution and altitude 
suggest that they were deposited in the bed of an eastward~ 
flowing stream and of one or more of its tributaries. Similar 
deposits have been found in wells at a few other places in the 
quadrangles notably 11- miles east of Trimble. These deposits 
are apparently related and are tentatively regarded as Aftonian. 

No two detailed sections of these deposits are exactly alike, 
but all resemble one another in character and general relations. 
The section on the bluff neal' Weston is as follows: 

Seation of Pleistocene deposits a~ Weston, Mo. 

Foo' 
Loess, at top of bluff ______ __~ (1) 

Gravel, waterworn and water-laid, with layers of fine 
gravel and sand; contains lliany foreign pebbles ____ 4-6 

Kansan stage; 
Clay, blue, containing angular bowlders of local lime­

stone-some of them 8 feet in diameter-and many 
bowlders and pebbles of foreign material 8-4 

Aftonian(1) stage: 
Bowlders and gravel and a few thin layers ot sand; the 

bowlders are well rounded. average about 6 inches 
in diameter, and show no difference in size at differ­
ent levels; about 70 per cent of them are limestone 
and are derived chie6y from the Dread escarp­
ment; a few scattered bowlders are of foreign origin 
and are so thoroughly weathered as to crumble at 
the touch; the deposit i~ cemented and in places 
overhangs, with an especially 6rm layer at the top; 
at the base it has a layer ot yellow sand a few inches 
thick __________________ ~~~ 8-10 

Pennsylvanian series .. 

The supposed Aftonian is not exposed between Weston and 
the vicinity of Murray Branch, but the absence of outcrops of 
the latan limestone and the uppermost part of the V\r eaton shale 
in a belt extending from Bee Creek east to Quinn School indi­
cates the probable course of the stream in which the gravel and 
bowlder bed was deposited. The bed outcrops in a number of 
places near Murray Branch, but the thickest exposure is in the 
road north of the creek near the center of sec. 13, T. 53 N., 
R. 35 W., where there is 35 feet of material like that in the 
bed of supposed Aftonian at 'Veston. The Aftonian (?) here 
rests on the lower 5 feet of the Weston shale. The altitude of 
its base is 846 feet. 

In the railroad cuts northwest of Hoover several beds of 
bowlders and associated gravel and sand outcrop in what was 
probably a small tributary of the main stream. Where the 
road crosses the line between sees. 22 and 27 a bowlder bed 
8 feet thick, closely resembling that at Weston, rests on the 
top of the main ledge of the Stanton limestone at an altitude 
of about 83.1 feet. The top of the bowlder bed slopes south 

and is flanked on the south by a bed of gravel, composed chiefly 
of firmly cemented foreign pebbles. The beds of the conglom­
erate dip south, parallel with the upper surface of the bowlder 
bed. The whole is overlain by drift bowlders. The next cut 
to the south shows 7 to 10 feet of stratified sand, orange and 
yellow and with some black bands, resting on the main ledge 
of the Stanton limestone at the same altitude as that of the 
gravel in the first cut. Shale outcrops in the northern part of 
the next cut to the south but is flanked on the south by a bed 
of partly cemented gravel that resembles that flanking the 
bowlder bed in the northern cut. Here, also, the beds dip 
south. The best exposure of the gravel seen in the region is 
that east of Smithville, neal' the mouth of Crow Creek, where 
the following section was measured: 

Section of Pleistoaene deposita at mouth of Crow Creek. 

Kansan stage: 
Clay, lower 2 teet sandy, has few pebbles, and is 

reddish-brown; the rest is typical blue, red, and drab 
bowlder clay _______ ____________________ 25 

Aftonian (1) stage: 
Sand, yellow, very fine and powdery; has a few indu· 

rated streaks and a 2-inch layer of blue clay 8 inches 
above base __________________________________________ 15 

Salldstone, yellow, coarse to tine grained, slightly 
wavy, fn one or two layers about 2 inches thick. 
'Vhere two layers are present, they are separated by 
10 inches or I~sll of yellow sandy clay _______ _ 

Sand, mainly reddish brown; hae some black streaks 
and a 2-inch layer ot flne white sand_ T~e sand is 
coarse all a rule and contains wme pebbles; cemented 
in a few places_. _____________________________________ _ 

Gravel; contains many ehert pebbles and much sand __ 
Bowlders, rounded, mostly local limestone but a few 

are deeply weathered foreign bowlders; the maxi­
mum diameter is a foot, but the average Is probably 
less than 6 inches. This stratum forms an over· 
hanging cliff_ 
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In one place the half-inch sandstone layer and the beds 
below form altrough about a foot deep (see PI. VIII), suggest~ 
ing crumpling that might possibly have been caused by an 
overriding ice sheet. 

The easternmost outcrop of probable Aftonian bowlders and 
gravel is in a road half a mile north of Camp Branch, in the 
eastern part of sec. 9, T. 53 N., R. 32 W., but the exposure is 
poor and no "details were observable. 

Beds of possibly the same age as the bowlder deposits out­
crop 1t miles east of Trimble, where Little Platte River crosses 
a pre-Kansan channel. The following section was measured up 
the west bank of the stream, where it crOsses the line between 
secs. 19 and 20: 

Section of Pleistocene depo8it~ 1t miles east of Trimble, Mo. 

Soil, ash-gray; contains no pebbles; sharply defined 
from the bed below ___ _ 

Kansan stage: 
Clay, brown, crumbly, contains no pebbles__ 1f 
Clay. gray: contains few pebbles _______ 5 
Bowlder clay, yellow ___ 8 

Aftollian (1) stage: 
Sand, yellow, and brown clay, stratified; contains 

many small pebbles______ __ ____ ---------
Clay, like next lower stratum but banded entire length 

of bank, nearly 100 yards; contains fine gray or yel. 
low sand with deep orange or reddish iron-stained 
blotches; layers of sand half an inch to 6 inches 
thick and very regular _______________________________ 21 

Clay, gray mottled with yellow, sandy; contains flakes, 

~:~i:~~~ concretions O~_~i~~~~t~_~~~_ some foreign 14 
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Th~re is no paleontologic evidence to establish the age of 
the supposed Aftonian deposits, but the fact that they invari­
allly lie at the very base of drift believed to be of Kansan age 
and in fairly low topographic positions shows that they are at 
least older than the main body of this drift_ The coarseness of 
the constituents and the abundance of limestones similar to 
those outcropping in the vicinity indicate that the material was 
transported in rapidly moving water for only comparatively 
short distances, and the presence of some pebbles of igneous 
:rock of northern derivation means that the streams had access 
to glacial debris. These facts alone might be taken to show 
that these deposits were laid dbwn in waters pouring from the 
front of the advancing Kansan ice sheet, and such may be 
their origin. But the igneous rocks are so thoroughly decom­
posed that they were probably derived from a drift sheet older 
than the Kansan, and the quartzite pebbles that are so chatac~ 
teristic of the Kansan are very rare. Th~ general. character­
istics, moreover, are much the same as those of certalO outcrops 
in Atchison County, Mo., that contain remains of animals that 
lived in a warm climate. These facts have led to the tentative 
suggestion that the deposits just described are of Aftonian age, 

KANSA.N DRIFT. 

Distribution and thickness. - Overlying the Aftonian (?) 
gravels and extending throughout nearly the whole area there 
is a deposit of glacial drift which is believed to have been laid 
down during the Kansan stage of glaciation. A covering of 
drift was left by the glacier over the entire region but is nearly 
everywhere concealed by the omnipresent mantle of loess. In 



some places, especially west of the Missouri, much of the drift 
has been removed by post-Kansan erosion, but a huge part 
of it still remains on the uplands and in the smaller valleys. 
Only a few outcrops of till were found along the bluffs of Mis­
souri River, thuugh foreign bowlders are not uncommoll. 

The drift is thickest where the present divides coincide with 
preglacial valleys, as in the northeast corner of the Smithville 
quadrangle, where it is at least ]80 feet thick. Elsewhere Oil 

the uplnnds of the Smithville quadrangle it is 40 to 100 feet 
thick, but it decreases westward and is more thall 40 feet thick 
in few places west of Missouri Hi vel'. An exceptional thick~ 
ness was noted;) miles north of Platte City, where drift appears 
in place along a road fro111 the top of a: mound to the outcrop 
of the lawn limestone member, a yertieal distance of 120 feet. 
In the present valleys drift is thin 01' absent, except in the 
vicinity of prE'glacial valleys. 

Till.-By far the greater part of the drift is typical till com­
posed of ash-blue joint clay that ,veathers yellow and contains 
irregularly distributed pebbles and bowlderEl. Most of the 
pebbles and howlders are angular and consist of limestone and 
other sedimentary rocks, obviously derived from strata like 
those outcropping in the region, and igneous and metamorphic 
rocks that must have been transported hundreds of' miles from 
northern ledges. The most cOllspicuous and abundant type 
among these rocks is a red, brown, and variegated quartzite of 
the kind that outcrops in the vicinity of Sioux Falls, S. Dak. 
The largest bo~'lder seen is 9 feet in greatest diameter. The 
till also contains much concretionary calcareous material in 
large irregular masses and in smaller nodules arranged along 
the joints. On drying the clay divides into small angular 
polyhedrons separated by narrow cracks. 

Sand and gravel.-Part of the drift consists of gravel and 
sand beds-the gra vel predominating. These beds and the 
many isolated bowlders are the coarser components of the till 
that were left by the erosive agents that carried away much of 
the finer clay and s~ll1d. Their principal constituents are Sioux 
quartzite, chert, and other notably resistant I'Ocks. The beds 
are thickest just above and near parts of escarpments that are 
capped chiefly by the Stanton limestone member in the Smith­
ville quadrangle and by the latan member in the Leavenworth. 
These resistant limestones seem to have acted much like riffles 
in hydraulic mining. 'Vest of 'Voodruff, above the Tatan 
('scarpment, the gra vel beds attain a thickness of 35 feet. 

Other beds of gravel and small bowlders lie at the top of the 
drift on the uplands. They are not more than 6 to 12 inches 
thick and seem to be confined to places where the Loveland (?) 
clay and bluish-gray loess Hre absent and the yellow loess rests 
directly on typical drift. It is possible that these beds were 
formed hy the removal of the finer material by the wind, much 
as the "desert pavements" of arid regions are formed. 

Loveland(.?) clay.-A_ part of the drift consisting of reddish 
and whitish clay containing few or no pebbles is found in many 
places on the uplands where the drift is thick and only at the 
top of till thl1t is overlain by loess. Such pebbles as are present 
are very small and of resistant rock. A thickness of 20 feet 
was observed near Nashua, Mo. (~VV. t SE. -l- sec. 26, T, 52 
N., R. 33 W.), but this is probably not the maximum. Tliese 
deposits correspond in every way with the Lo\'ehmd clay, as 
described by Shimek,! and are tenta.tively correlated with it. 
They are probably still-water deposits formed in depressions on 
the surface of the till. 

General features.-The formation having the greatest areal 
distribution in the qua.drangles is the loess, a sandy clay which 
differs in texture and properties from the other clays of the 
region. It is spread like a blanket over the entire area of the 
quadrangles except the flood plains and the hare rock ledges. 
It is thicker and more sandy on the bluffs of Missouri Hi Vel' 
than elsewhere, and is thicker on the eastern than on the 
western bluffs of the river. 'Yest of the river it thins notably 
and is not at all conspicuous above the Oread escarpment; 
east of the river it thins considerably for 4 01' 5 miles and then 
more gradually to the boundaries of the quadrangles. There 
are two distinct phuses of the loess, the lower thin and bluish 
gray and the upper thick and yellow or buff-colored. 

Bluish-gray loess.-The lower loess appears to be absent 
from many places near the larger streams but is generally 
present on the uplands. It is a bluish-gray clay mottled with 
orange or brown ferruginous stains and contains much' fine 
sand and many \~rtical bro\vn limonite pipes several inches 
long and as much as an inch in diameter that were probably 
formed in concentric layers around plant roots. The greatest 
observed thickness of this part of the loess is 6 feet, but it is 
not improbable that it reaches 10 feet in places. At" the top 
it is commonly sharply separated by a thin ferruginous layer 
or a limonite band from the overlying· yellow loess, but at the 
bottom it grades more or less completely into tile Loveland (?) 
clay, where this is present. bnly where the Loveland (?) ·is 
absent is its lower boundary fairly clear.' 

1 Shimek. R .. Geology of Harrison and Monona counUes rIowa]: Iowa 
Geol. Survey, vol. 20, pp. 871-375, 1910. 
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The bluish-gray loess seems to be the same as that termed 
post-Kansan loess by Shimek. 2 In these quadrangles it seems 
to contain no fossils nor other decisive evidence of age, but its 
stratigraphic relations, distribution, thinness, and weathered· 
surfaces are strongly indir.ative ofa comparatively old age. 

Yellow loess.-Overlying the bluish-gray loess or, \vhel'fl 
that is absent, resting on Loveland (?) clay, Kansan drift, or 
Pennsylvanian rocks, is the yellow or buff loess, the most con­
spicuous surface deposit in most of the region. As it is 
younger than all other sediments except the alluvium and lies 
like a mantle over practically the whole I':ll'ea, it is in contact 
with aU older sediments, being separated from the drift in 
places by <l thin gravel zone and from the bluish-gray loess 
by thin ferruginous hands. Only the thicker deposits are 
sl!O\vn on the map by a distinct symbol, much of the thin­
ner loess being mapped with the Kansan drift and that 
covering Pennsylvanian rocks on valley sides not being 
represented at all. 

This loess is a light-yellow or buff sandy clay, sufficiently 
coherent to stand in vertical faces in road, stream, and railway 
cuts. It contains calcareous white or cream-colored concre­
tionA a foot or less in diameter, the larger ones being hollow, 
with cracks radiating from the cavity into the walls. In pla~es 
the vertical faces of the yellow loess show well-developed 
columnar jointing due to shrinkage, and a few exposures show 
indistinct banding along lines that are tlpparently paraliel to 
the surface upon which the loess was deposited. (See PI. X.) 
On steep slopes the jointing causes the loess to slip downward, 
or at least facilitates the process, giving hillsides a stepped or 
terraced appearance. 

The thickness of the yellow loess varies with its distance 
from the Missouri River bluffs, being thickest on the bluffs 
tbemsel yes, and thicker on the east than on the west side of 
the river. In places east of the river it is thin or wanting on 
the western slopes of hills and 10 or 15 feet thick on the east­
em slopes, and eyen where farthest from the river is at least 
4 or 5 feet thick. The thickness on the bluffs east of the 
ri vel', estimated along lines perpendicular to the surfaces on 
which the loess rests, ranges from a thin film to probably 80 
feet, the maximum being on the hilltops. On the western 
bluffs, the maximum is pr~bably not more than 40 feet. 

Ol'iiJin.-At one time there was much diversity of opinion 
among geologists as to the origin of the loess, some contending 
that it was deposited by winds and others that it was formed 
by great floods resulting from the melting of glacial ice. 
Unanimity of opinion has not yet been reached, though many 
obseryers are now agreed that the loess is chiefly a wind 
deposit and that water has played only a very subordinate 
part, if any, in its last transportation and deposition. These 
writers believe that it requires a wide stretch of the imagina­
tion to conceive of ('onditions under which the yellow loess in 
these quadrangles could have been laid down in water, whereas 
there are many cogent reasons for believing that practically all 
of it was deposited by winds. Moreover, the distribution and 
the differences in coarseness in different parts of the region 
lead inevitably to the conclusion that fit least a large part of the 
yellow loess has a direct connection with Missouri River and 
\vas hlown up f"om its bars and alluvial plains by westerly 
winds. The amount of silt available for distribution is almost 
unlimited', as the sediment-laden Missouri quickly repll':lces any 
material taken from its shores. 

Another problem about which therf' is much difference of 
opinion is'the age of the yellow loess. It overlies the Kansan 
drift and is therefore later than Kansan. Its presence in 
considerable quantity low down on valley slopes, much of' it 
in situations to which it was evidently blown, shows that at 
least part of it was carried to its present position after most of 
the present stream dissection had been accomplished. The 
upland loess may, of course, have been deposited at an earlier 
date. From evidence derived principally from localities in 
eastern Towa it is believed that most of the loess, at least in 
that region, was formed subsequent to the post-Kansan glacial 
stage commonly known as the Illinoian and before the ad vent 
of the last or vVisconsin glacier. There are, ho\vever, deposits 
of loess of seyeral different ages, and even now loess is being 
deposited in favorable localities. It has been suggested that 
the dust storms that now often sweep over the Missouri River 
£lats result in the accumulation of loess near the river. The 
determination of the time when the deposition of the loess 
ceased in this region, or whether it has ceased, awaits further 
study. 

Fossils.-The loess is fossiliferous in many places, especially 
near Missouri River, being rich in snails and other mollullks 
that Shimek has shown 3 to be largely land forms that prob­
ably lived in a climate very similar to that of the present. 
The following were collected at 'Yes ton and identified by 
W.H.Da]]: 

Succinea lineata. 
Pupoides pl'ocera. 
B!flderia armifera. 

"Idem, pp. 876~386. 
3 Idelll, pp. 395-399, 404-405. 

I Pyramidula cronkhite!. 

I 
Pyramidula aJternata. 
Zonitoides arbol'eu8. 

TERRACE DEPOSITS AND WASH. 

In some abandoned meanders along Platte River and the 
Little Platte there are terrace gravels covered at the surface by 
deposits whose origin is probably to be referred largely to 
rainwash. The principal areas of terrace and wash deposits 
of this character are sho\yn on the geologic map of the Smith­
ville quadrangle. They are probably composed of coarser 
material than the neighboring alluvium, but as there are no 
well records nor exposurE'S that give the requisite information 
their character and depth are not known. Other colIu vial or 
wash deposits occur throughout the area, particularly at the 
bases of valley slopes, but their areal extent is small and their 
boundaries indefinite. 

Most of the larger streams have flood plains built up by the 
depositioll of silt and fine sand during flood stages. This 
alluvium is of two more or less distinct types, one in the wide 
bottom lands of Missouri River and the other along smaller 
streams. Both have been well described in the report on the 
soil survey of Platte County,4 as follows: 

The alluvial soils of the area come from two principal sources. The 
fir~t is wash from the loess mixed to a very small extent with wash 
from the residual soils and deposited in the flood plains of all the 
smaller streams. Soils formed from this material belong to the 
'Yabash series. 'Vhen the alluvial soils come so directly from the 
loess as they do in this area they often differ from the upland loess 
but little in color, texture, or crop value. In places, however, the 
sandier material has been sorted out and deposited, usually near 
the stream channel, while in other places the clays and silt have been 
deposited, thus forming heavy soils, which have often become more 
introotable and apparently heavier on account of lack of drainage. 

Alluvial soils of the second class are found in the flood plain of the 
}Iissouri RIver and have been formed from material brought down 
and deposited by that ",tream. Like the 'Yabash soils, they vary in 
texture from very light, fine sand to heavy clay. Their principal 
distinguishing characteristic is the sandy or light silty character of 
the subsoil underlying the heavier surface soils. These soils belong 
to the Sarpy series. Xeal' the bluff,., bordering the Missouri River 
fiood plain, and especially where small streams enter it, considerable 
areas are covered bv soils which are a mixture of the 'Yabash and 
Sarpy series. The ,iT abash characteristics usually predominate at the 
surface neal' the stream channel, while the Sarpy characteristics are 
found in the subsoil. Farther from the streams the two materials 
are more thoroughly mixed. 

The difference between the two types is probably due to the 
fact that the alluvium of any stream is derived from material 
washed from the surface of its drainage basin and that only a 
comparatively small part of the Missouri basin is coated with 
loess, whereas the basins of small streams in these quadran~les 
are almost entirely covered by it. Under the loess-derived 
part of the alluvium along many of the larger creeks there are 
slabs of limestone and flattened pebbles. In the smaller creeks 
and branches there is usually a stiff blue gravel-bearin~ clay 
that once formed the stream bed. 

The alluvium in all the valleys except that of the Missouri 
lies in one or more benches, the lowest forming the stream 
banks. which at one place are as much as 27 feet high. In 
many places on the large streams there are two to four of these 
benches and in the hollows there' are even more-all composed 
of the rewashed loesslike material. 

Borings in the valley of Missouri River commonly penetrate 
a considerable thickness of valley filling. At St. J oseph bed~ 
rock was found at a depth of 53.4 feet in a boring that started 
at water level. In South St. Joseph a number of wells have 
been drilled to a depth of 80 feet before striking rock; and at 
Atchison and Leavenworth borings 57 feet deep failed to 
reach the bottom of the alluvium. (See fig. 6.) At Quindaro, 

FIGURE S.-Cross section showing thickness of alluvium deposited by 
Missourl River at Leavenworth, as determined by borings. After Mis· 
souri River Commi~8ion. 

Kans., bedrock lies at a depth of 100 feet and near Randolph, 
Mo., at 107 feet.~ It is probable that bedrock is about 100 
feet below the general level of the flood plain in the Leaven­
worth quadrangle. The flood-plain deposits grade in general 
from coarse material at the bottom to finer sand and silt at the 
top, though coarse sand and bowlders are found in the present 

r_iv_e_r_ch_a_nn_e_l in dredging ope_ra_tl_·o_n_'. ____ _ 

'Sweet, A. T., Dunn, J. H., and Vanatta, E. S., Soil survey of Platte 
County, Mo.: U. S. Dept. Agr. Bur. Soils Field Operations. lim, Advallce 
sheets, p.17 . 

• The authority for most of the data is Bingham, Capt. T. A .. Report on 
borings in the Missouri River valley: Chief Eng. U. S. Army Rept. for 1890, 
pt. 4, appendix 20, pp. ~375-8a90. 1891. 



The Missouri received the drainage of the part of the last, or 
Wisconsin, ice sheet that occupied northwestern Iowa, south­
western Minnesota, the Dakotas, and Montana, and also the 
waters from numerous Rocky Mountain glaciers of the same 
age, so that it probably brought down great quantities of sedi­
ment during and following that ice invasion. It is probable 
that the deeper valley filling accumulated at that time, though 
the upper part is probably recent, as the stream now seems to 
be aggrading. Most very large rivers flow over considerable 
vallt'y-filling aUu vium, however, because at a certain stage in 
ordinary drainage development the tributaries carry more sedi­
ment than the main stream is able to transport. 

STRUCTURE. 

STRUOTURE OONTOURS. 

Delineation.-For the delineation of str~cture by means of 
contours an easily recognizable reference stratum, whose posi­
tion can be determined at many points by means of outcrops 
or borings, is chosen. The altitude and dip of its surface are 
determined·at as many points as possible, and points of equal 
altitude are connected by lines on the map just as topographic 
contour lines are drawn. In some places the altitude of the 
reference stratum is observed directly in outcrops, mines, or 
wells, and in other places it is calculated from observations on 
some other recognizable stratum, for generally the layers of 
stratified rock are approximately parallel and the average 
interval between any two may be determined. Thus, if a 
stratum above the reference layer is found, its altitude above 
sea leyel at the point of discovery may be determined and the 
altitude of the reference stratum or key rock at that point may 
be calculated by subtracting from the altitude of the stratum 
discovered the average distance (or the nearest measured dis­
tance) between the two. If the outcrop of a bed below the 
reference stratum is found the average distance is added, thus 
gi ving the approximate altitude at which the reference layer 
would lie if it were present. 

Use.-On the geologic maps of the Leavenworth and Smith­
ville quadrangles structure contoUl'S are drawn at vertical 
intervals of 20 feet on the base of the Plattsburg limestone 
member of the Lansing formation as a key stratum. In order 
to determine the depth from the surface to the base of this 
limestone at any point crossed by a structure contour it is only 
necessary to subtract the altitude shown by the structure con­
tour from the surface altitude shown by the brown surface 
contours on the topo~raphic base. Between structure con-
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the structure accurately. However, outcrops are numerous in 
all parts of both quadrangles, except in the Missouri River bot­
tom lands, and some information from wells and shafts is avail­
able, so that dW:a of this character may be considered ample. 

The most likely SOlll'ce of error in this region is variation in 
the stratigraphic section. Except in districts in which the 
Plattsburg limestone outcrops or has been reached by borings 
or shafts its altitude is estimated from that of strata outcrop­
ping either above or below it, this estimation being based on 
the stratigraphic intervals determined· in localities as nearly 
adjacent as possihle. In most parts of the quadrangles outcrop­
ping strata are not separated from the Plattsburg by long or 
variable stratigraphic intervals, and consequently few errors 
are apt to be made. Where the only outcropping rocks belong 
in the upper part of the Lawrence shale member or in higher 
stratigraphic units, however, the contoUl'S may be 20 to 50 feet 
in error, for the thickness of the Douglas formation is rather 
irregular. 

STRUOTURE OF THE LEAVENWORTH AND SMITHVILLE 

QUADRANGLES. 

The dominant structural feature of the quadrangles is a 
gentle dip of about 12 feet per mile in a direction slightly 
north of west, modified by a series of very low anticlines and 
shallow synclines, whose axes trend northwest and southeast. 
(See fig. 7.) Dips are so slight in most of the region that 
they can be detected only by comparing altitudes of strata at 
points more 01' less widely separated, but in a few very small 
areas of more marked disturbance they range from a few 
degrees to as much as 20°. 

The anticlines-arches along which strata are relatively 
higher than on either side-are low and irregular; most of 
them are short, and their axial lines, if projected, would pass 
into'territory without special structure, or even into synclinal 
areas. A well-defined anticline crosses the northern part of, 
the Smithville quadrangle from Camp Branch northwest to the 
Chicago, Rock Island & Pacific Railway west of Swamp 
School, where it dies out. Another anticline extends from 
Smithville north of west to Settles station and thence north­
west to the Platte Valley School, plunging to the northwest 
and dying out near the bluffs east of the Missouri. Shorter 
anticlines lie 2 miles south of Smithville, southeast of Nashua, 
and south of Platte City. Broad, shallow synclines commonly 
separate anticlinal areas, but few of them are strong. The 
sharp, narrow synclines at East Leavenworth and southeast 
of Farley are probably associated with faulting. 

first described the mine workings passed around the end of the 
fault across a narrow syncline about 30 feet deep. Evidently 
this structural feature is a short fault which passes into a 
syncline at each end. The only evidence of disturbances at 
the surface are gentle southerly dips between the North mine 
shaft and the mouth of Corral Creek and a shallow syncline 
near East Leavenworth, which is probably in line with the 
faulted zone in the mine. 

The tensions to which the rocks have been subjected are 
indicated by the jointing that is common in the limestones. 
The most numerous and best-developed joints are those strik­
ing about ~. 62° E., though others striking K. 3° 'V. are only 
slightly less distinctive. There are also two minor sets, affect­
ing chiefly the thick beds of limestone, one striking approxi­
mately ~. 45° E. and the other N. 45° 'V. Joints are most 
conspicuous and most closely spaced in the thin, even-bedded 
limestone members and are shown to best advantage in the 
"pavements" in stream beds, where the top of a limestone 
stratum has been swept bare by running water. (See PI. IX.) 

GEOLOGIC HISTORY. 
PALEOZOIC ERA. 

EARLY PERIODS. 

At the beginning of the Paleozoic era the quadrangles and 
neighboring areas were part of a great land mass and probably 
remained above sea level until after the middle of the Cam­
brian period, during which time the region was undergoing 
erosion. The available data indicate that the resulting topog­
raphy was of considerable relief and that the general altitude 
was somewhat greater than that of many neighboring areas. 
As the Cambrian sea advanced over the region, the higher 
lands at first remained as islands while sedimentation took 
place about their borders. 

Before the end of the Cambrian period the area included in 
the quadrangles was almost wholly submerged, though the St. 
Francis Mountains and perhaps other highlands in the same 
general region still remained above the sea as islands. Through 
the remainder of the Cambrian and well into the early part of 
the Ordovician period intermittent sedimentation was going 
on, the process being occasionally interrupted by relatively 
short intervals of emergence and erosion. During most of the 
time conditions were favorable for the deposition of limestone, 
but at the first submergence much coarse sand was deposited 
and subsequently thinner beds of sand accumulated. The 
widespread deposit which formed the St. Peter sandstone was 

FIGURE 7.-A, Structure section across the Leavenworth quadrangle, passing northeast through Leavenworth and Platte City. 8, Structure section across the Smithville quadrangle, passing through Smithville. 
Q.I, Alluvium. QI, Loess. Qid, Gi!Wtal drlrt. Cdo. Ore&d Umestone; Cdl. Lawrence shale: Cd,. l"t"n limestone; &Ild Cdw. WMwn shale. (The laIIt tour aJ"ij members of tbe Douglas formatlon.) CI., Lansing fonnatlon above tbe Lane shale member. CII. Lane sbale member of tbe LanSing fonnatlog. 

Cko, K<\nSS8 City tormatlon. cp, Pleasanton tormatlon. Hori.zontal scale same as tlui,t ot geologic maps, approximately linch equals 1 mile; vertical $ca\e 10 times the borizolltal. 

tours the altitude of the limestone is intermediate between that 
shown by the contoul'S on each side. Similarly the depth or 
altitude of any other stratum may be determined by adding or 
subtracting the vertical interval between the limestone and that 
stratum, this interval being taken from the stratigraphic sec­
tions and the discussions accompanying them. 

In addition to showing the depth and altitude of any 
stratum structure contours necessarily delineate the main fea­
tures of' the structure and the direction and steepness of the 
dip in each locality. The dip in feet per mile can be read 
directly from the map; the dip in degrees can be calculated 
but is generally so small in this region as to be of no practical 
value. Undulations of less amplitude than the contour inter­
val can not be shown. 

Accuracy.-Errors in delineating structure may arise from 
inaccurate determination of the altitudes of outcrops, shafts, 
and borings, from insufficient data, and from irregularities in 
stratigraphic intervals. 

On the topographic maps of the Leavenworth and Smith­
ville quadrangles the interval of the surface contours is 20 feet, 
and bench marks are numerous. With the aid of these maps 
it is possible to carry hand-level lines from points of known 
altitude to most of those whose altitude is desired, and errors 
arising from inaccurate determination of altitudes are so small 
as to be of minor im portarrce. 

Where there are few outcrops of indurated strata and few 
wells, borings, or shafts that have penetrated beds whose strati­
graphic horizon is known, it is obviously impossible to delineate 

The general westerly dip is interrupted in several structural 
terraces where the strata lie nearly flat. "One notable terrace 
includes a large area in the southwestern and south-central 
part~'of the Smithville quadrangle, and a smaller one embraces 
the territory south and southwest of Leavenworth. 

Abnormally steep and irregular dips, probably closely 
associated with faults that are not well exposed, were noted in 
several small areas. The greatest disturbance is 2 miles south­
east of Farley, in the S. i sec. 35, T. 52 N., R. 35 W., where 
the strata dip as steeply as 20° from both sides toward a medial 
line, and on Shoal Creek, near the south line of sec. 33, 
T. 52 N., R. 32 W. Dips are sufficiently strong to be evi­
dent to the eye in the small syncline between Iatan and 'Ves­
ton, in the NW. i sec. 33, T. 54 N., R. 36 'V. 

The Bevier coal bed commonly lies nearly leyel in the 
Leayenworth coal mines but is slightly broken and otherwise 
disturbed in a few short and narrow synclines. The largest of 
these synclines was first encountered in the Korth mine many 
years ago, at a point nearly under the middle of the river and 
northeast of the shaft. The coal dipped from both sides at a 
nearly uniform inclination of 1 foot in 4 feet toward a broken 
and faulted zone, the width of the syncline being 750 to 800 
feet and the depth in the center 100 feet. About 700 feet south. 
east of this place an entry from the southwest encountered a 
nearly vertical, slickensided fault face (see fig. 7, A) and was 
driven horizontally across dipping beds for 167 feet. At the 
end of this tunnel a boring was made, and the coal was found 
at a depth of 43 feet. About 1,800 feet southeast of the place 

laid down under conditio~s ·which are not certainly known 
but which may have been due to a combination of the action of 
wind and water. 

How long after St. Peter time the region continued to 
receive sediments is uncertain, the deposits that may have been 
laid down from then until the Carboniferous period being now· 
represented by only a few hundred feet of strata. It is pro~­
able, however, that the region was subjected to subaerial erosion 
through a large portion of the later Ordovician and the Silu­
rian and Devonian periods. Beds that were deposited between 
the close of early Ordovician time and the beginning of 
Kinderhook time are exposed at only a few places on the 
northwestern border of the Ozark region. Farther north, at 
Nebraska City, Nebr., more than 1,300 feet of strata were 
deposited during the same interval. 

CARBOXIFEROUS PERIOD. 

Missusippian deposition.-At the beginning of Mississippian 
time, or possibly during later Devonian time, the sea again 
invaded the region and remained more or less eontinuously 
during the first half of the Mississippian epoch. Most of 
the deposits of this interval now form limestones, but some 
argillaceous muds were brought in at the beginning of the 
submergence. 

Late Mususippian and early Pennsylvanian erosion.-After 
the deposition of a great thickness of limestone the sea with­
drew from a large district north and west of the Ozark region 
at or near the close of the Mississippian epoch. The land thus' 



laid bare stood at least 200 to 300 feet above the level of the 
neighboring seas, and agents of subaerial erosion soon began to 
excavate valleys and lower the general surface. Erosion con­
tinued well into the Pennsylvanian epoch, until much of what 
is now the central Mississippi basin was reduced to a more or 
less featureless low land covered with residual soils and chert 
fragments and pitted with sink holes and shallow depressions 
in the easily soluble limestones. When erosion ended in the 
region near Leavenworth, there were comparatively high land 
areas in what is now southeastern K ebraska and central Kan­
sas, in the Ozark region, and in a strip extending north from 
the Ozarks into northeastern Missouri. 

Pennsylvanian deposition.-'Vhile this erosion was taking 
place, an arm of the Pennsylvanian sea was slowly advancing 
from the southwest over the lowland in eastern Kansas and 
northwesoorn Missouri toward central Iowa. Residual mate­
rials left on the old land surface were washed away from some 
places and concentrated in others, so that deposits of white, 
red, or brown sand, angular fragments of chert, black clay, and 
other materials accumulated in the shallow waters. Coal­
forming plants began to grow in favorable situations, only to 
be covered by mud, silt, and sand in the shifting waters. 
Later the irregularities of the old surface were smoothed ove.r 
and conditions became more uniform. Plant life existed simul­
taneously over wide stretches when the shallow seas temporarily 
withdrew, and marine organisms flourished at other timeR when 
the land stood slightly below sea level-the plants furnishing 
the peats that are now coal and the marine organisms the shells 
and tests that are now consolidated with calcareous muds to 
form limestone. Such conditionR existed only for short inter­
vals, however, for during most of the time sand and clay were 
being brought into the seas or heaped in estuaries and on 
coastal plains. 

At some stage before the Pleasanton epoch, probably late in 
Cherokee time, the Pennsylvanian seas reached their maximum 
extent and covered much of the present Ozark region. Late 
in Pleasanton time differential warping raised the Ozark region 
and shifted the seas back to the northwest. During the 
remainder of Pennsylvanian time warping continued inter~ 

mittently, interrupted by intervals of general stability, at first 
prolonged but gradually becoming shorter. During the inter­
vals of stability widespread shallow seas favorable to animal 
life existed in the region now forming parts of Kansas, Mis­
souri, Iowa, and Nebraska. Plants grew in relatively small 
swamps, which disappeared before very thick masses of peat 
had time to accumulate. During the intervals of warping, 
conditions were similar to those during the first invasion of 
the Pennsylvanian sea. At times, especially during the 
Douglas epoch, the sea withdrew far enough to allow sub­
aerial erosion to act more or less vigorously on the soft, newly 
formed sediments, in which it cut shallow channels, which were 
filled with sand and mud ,,,hen the sea again advanced. The 
exact conditions under which the channels were made and 
filled are, however, imperfectly understood. 

The sea finally retreated beyond the region here considered. 
The land covered with Pennsylvanian sediments was subjected 
to erosion and was probably tilted to the northwest near the 
end of the Paleozoic era. 

MESOZOIC ERA. 

Erosion by streams and other denuding agents continued 
throughout most of the Mesozoic era. In other regions pro­
longed erosion base-leveled large areas and was followed by 
earth movements that rejuvenated the streams, but such phe­
nomena have left no definite record in the area under dis­
cussion. Late in the Mesozoic, in the Cretaceous period, 
deposition took place in western Iowa and farther west, but 
there is no evidence that sediments were then deposited in 
western Missouri and northeasterr;t Arkansas. 

CENOZOIC ERA. 

TERTIARY PERIOD. 

The erosion which characterized the Mesozoic era continued 
during the Tertiary period. In other areas there are evidences 
of earth movements that resulted in the retardation or acceler­
ation of erosive processes, but in this region little remains to 
show the details of the geologic history. The topography 
which had been developed at the end of the Tertiary was prob­
ably not essentially different from that which existed at the 
beginning of Kansan time and which has been largely pre­
served beneath deposits of glacial tilL, This topography was 
much like that of the plains of southwestern Missouri and 
southeastern Kansas at the present time, and though th.e 
escarpments were not very high the contrast between them and 
the intervening plaiDS was much more marked than it is now. 
The Oread escarpment lay slightly east of its present position 
and the Iatan escarpment a short distance east of the Oread, 
extending south nearly to the upland formed by the sa.ndstone 
in the Lawrence shale in the southern part of the quadrangles. 
East of the Iatan escarpment and north of the sandstone 
upland an extensive plain occupied most of the Smithville 
quadrangle and wa.s traversed by lit least two eastward-flowing 
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streams. The valley of one has been identified as far west as 
Weston, and traces of it that may be seen at intervals across 
the quadrangles indicate that its gradient was greatest just 
east of Weston and averaged 5 feet to the mile. The other 
preglacial valley crossed, the northeast corner of the Smithville 
quadrangle and seems to have been wider and deeper than the 
one near 'Veston. (See fig. 8.) There were other small val-

FIGURE S.-Sketch map of the Leavenwort,h and Smithville quadrangles 
showing present streams and probable preglacial valleys (dotted aJ'eas). 

The alTOW~ Indlcata probabia directIon or pregl(lCtal drainage. 

leys in the quadrangles, but their exact positions are not defi­
nitely known. KansRs River was probably at that time a large 
stream that occupied a valley on or near the site of its present 
channel and that of Missouri River east of' Kansas City. 

There is no evidence that a large valley occupied the site of 
the present Missouri River valley above Kansas City before 
the Kansan ice invasion. The small eastward-flowing pre­
Kans~n stream at Weston,. nearly 150 feet above the 'present 
Missouri River, and the character of the alluvial material depos­
.ited in it seem to prove the nonexistence of a deep Missouri 
River \'alley in Tertiary time. The recession of the Oread 
escarpment near Kansas River, compared with the narrow 
gap through which the Missouri crosses the same escarpment, 
indicates that Kansas River is older than that part of the 
Missouri. The high, straight bluff's and lack of well-developed 
lateral drainage lines in the Leavenworth quadrangle may 
also mean that this part of the Missouri Valley is compara­
tively young. 

QUATERNARY PERIOD. 

Pre-Kansan time.-During the Pleistocene epoch a series of 
remarkable climatic changes caused at least foul' great conti­
nental glaciers to invade the northern States from centers of 
accumulation in Canada. The ice invasions were separated by 
intervals during which the climate was fully as ..,,,arm as it is 
at present. Each great glacier transported quantities of clay 
pebbles and bowlders which it left behind when it melted and 
which now form the greater part of the surficial deposits of the 
glaciated area. Only the second glacier, that of the Kansan 
stage, is thought to have reached the Leavenworth and Smith­
ville quadrangles. 

Although the first great ice sheet, that of the pre-Kansan or 
Nebraskan stage, may not have reached the quadrangles, peb­
bles derived from the drift it left in neighboring areas were 
carried in by streams and mixed with bowlders and pebbles 
from local limestone ledges to form the gravels referred to the 
Aftonian (?) interglacial stage. 

Kansan time.-The warm climate of Aftonian time gave 
place to a prolonged cold interval during which the Kansan 
glacier advanced across the quadrangles well into Kansas in a 
direction shown by rock striae to have been slightly west of 
south. This ice sheet also covered nearly all the region north 
and east of Missouri River and considerable adjacent territory 
west of that stream. When the Kansan glacier finally melted 
it left great accumulati'ons of bowlder clay that largely filled 
the valleys and formed a plain of slight relief sloping to the 
southeast. Depressions in the surface of' the drift that filled 
with water became ponds or lakes. in which may have been 
deposited the fine silt and clay now known as the Loveland 
clay. Other continental glaciers invaded part of the north­
ern States after the Kansan stage, though the Leavenworth 
and Smithville quadrangles were never again covered by gla­
cial ice. 

Lues8 accumulation.-Before erosion had dissected the sur­
face of the Kansan drift to any extent a thin blanket of bluish­
gray loess was deposited thereon by winds. This was followed 
by an interval of erosion in which much of the present drain­
age was developed. It is probable that some wind-blown mate­
rial was deposited more or less continuously while post-Kansan 
erosion was ill progress, but much of the upland yellow loess 
may have been accumulated during a comparatively short 
interval. A, maximum accumulation of loess may have imme­
diately followed or accompanied one of the glacial intervals, 
for transportation by wind would be particularly efficacious 
when vegetation was sparse and winds exceptionally strong. 
Late in the Pleistocene and even during the Recent epoch 

loess continued to be blown from the Missouri River flats and 
deposited on higher lands and that previously deposited was 
shifted from place to place. 

Development of present topography.-The great quantities of 
drift spread over the region by the Kansan glacier filled up the 
valleys and destroyed most of the old drainage system. A new 
system began to develop after the retreat of the ice and ,vas 
governed in its initial stages by the slope of the drift surface, 
which in northern Missouri was generally to the southeast. In 
the region near the limit of Kansan glaciatio~, including the 
Lea\'enworth and Smithyille quadrangles, the escarpments were 
not completely obliterated, and the preglacial sandstone upland 
in the southern part of the quadrangles was sufficiently high to 
cause the young Platte Ri ver to swerve to the west. It is pos­
sible that the Missouri assumed its present position during a 
temporary halt of the retreating ice front, when the river, 
swollen by great volumes of water from the melting ice, may 
have flowed along the margin of the glacier and eroded rapidly. 

From the end of Kansan glaciation to the present the deep­
ening and extension' of the valleys has been continuous, though 
hastened or retarded at intenrals by slight regional earth move­
ments and by climatic changes, especially those accompanying 
the later ice invasions in regions not far distant. Missouri and 
Platte rivers, Bee Creek, and other fairly large streams cut 
through the drift and into solid rock, making relatively larger 
valleys where unconsolidated deposits are deepest. 

After Missouri River had cut nearly 100 feet below the level 
of its present channel it began to fill the bottom of its valley 
by dropping part of its load. The river probably began to 
aggrade near the end of the 'Wisconsin glacial stage, when the 
great yolume of water deri ved from the melting glacier on the 
north decreased and the amount of sediment carried in suspen­
sion was great. After this the normal extension of the upper 
part of the river's basin continued to add to the load to be 
transported. There are strong indications that the Missouri is 
now not only depositing the ordinary flood-plain alluvium 
during high water but is also actually raising the level of its 
channel by aggradation. Within the last 50 years Missouri 
River has become an almost unnavigable stream, with rapidly 
shifting bars and shallow channel. The fertile loess on its 
borders is being stripped of its forest and sod covering by the 
ax and the plow, and the rapid erosion of the loess which soon 
follows is adding an extra load of sediment to the already over­
burdened river. 

The erosion of many of the valleys has resulted in the for­
mation of some incised meanders, whic.h may not have been 
inherited from an old peneplain. It is possible that the expla­
nation is to be sought in the effects of alternating layers of 
unequally resistant rock. 'Vhere a stream flowing on shale 
or drift cuts down to a resistant limestone, erosion is checked 
and a local reduction to base-level takes place above the lime­
stone outcrop. The stream ,crosses the limestone as a small 
waterfall or rapids, and beyond it cuts rapidly into the under­
lying shale. As the cascade or rapids works its way upstream 
along the meandering course developed in the shale an incised 
meander is developed and is strengthened as the valley is 
lowered by continued erosion. This action is iUustrated by 
the profile of a stream of this character which is shown in 
figure 9. 

FIGURE D.-Diagrammatic proflle of stream bottom showing rapids or small 
cascade (b) below ou.tcrop of thin :resistant limestone bed and low gra· 
{lient (a) above it. 

By reces.ion o~ rapid. at b meanders which had developed In the stream on the low-gradlen 
section above the c..,;oad" ,",e cut below the general surface and become Indsed meanders. 

Loess accumulation has only slightly modified the topography 
deyeloped by erosion, its chief effects being to soften the out­
lines of hills and slopes near the Missouri and to increase the 
height of the river bluffs, especially those east of the stream. 
Loess has also appreciably narrowed the mouths of the valleys 
of very small streams flowing into the ~issouri, so that several 
of the small valleys resemble amphitheaters with narrowout­
lets through the river bluffe. The slumping of loess on valley 
slopes has given a few of them a stepped or terraced appearance, 
and the contours of some slopes have doubtless been slightly 
affected by the washing of loess toward their bases. 

ECONOMIC GEOLOGY. 

The mineral resources of the Leavenworth and Smithville 
quadrangles include coal, shale and clay, building and road 
stone, limestone and cement material, sand a.nd gravel, surface 
and underground water, and soils. Oil and gas occur also, at 
least in small quantities. 

COAL. 

Outcropping coal heds.-The only coal beds that appear at 
the surface are thin and comparatively unimportant layers in 
the Douglas formation. A persistent coaI bed, 12 to 20 feet 



above the Iatan limestone member, is less than a foot thick 
where exposed on lower Plum and Salt creeks, in the United 
States military prison stockade, and in the bluffs above 
Kickapoo. Two miles below Iatan (NW. i- N'V. i sec. 33, 
T. 54 N., R. 36 W.) it is 14 inches thick. On Salt Creek, a 
mile west of Sentinel Hill (BE. t BE. t sec. 17, T. 8 S., 
R. 22 E.), it consists of about a foot of clean coal and 6 inches 
of very dirty coal. A short slope marks the spot where it was 
formerly mined a little for local trade. A zone of thin coal 
beds lies 25 to 80 feet below the Oread limestone member, but 
all of those exposed are less than a foot thick. There is some 
coal in the Douglas formation in the sandstone area of the 
south third of the quadrangles. A 10-inch coal bed that out­
crops 2t miles southeast of Farley (southwest corner sec. 36, 
T. 52 N., R. 35 W.) led to the sinking of a shaft that is said 
to have penetrated 2 feet of coal dipping at a high angle. 
Some coal was once mined for local sale from a 14-inch bed 2 
miles northwest of Nashua (SE. t BE. 1; sec. 17, T. 52 N., 
R. 33 W.). 

The exposed coal beds are too thin to be of much economic 
importance, but slightly thicker deposits may lie under covel' 
in the Douglas formation. .:\fore than 50 years ago at least 
10,000 tons was taken from a bed 18 to 24 inches thick on 
Little Stranger Creek below Boling, not far from the south­
west corner of the Leavenworth quadrangle. More recently 
considerable coal has been mined about 2 miles south of 
Atchison from a bed of good quality 16 to 20 inches thick that 
lies 25 feet below the Oread limestone member. 

Coal beds beneath the surface.-As a result of his geologic 
work in ~Iissouri Maj. F. Hawn became convinced that a coal 
bed mined extensively in that State lay about 700 feet beneath 
Leavenworth. He organized a company and began drilling in 
1860 in the southeast corner of the Fort Leavenworth Military 
Reservation, but the bed now mined at a depth of 707 feet 
was not reached until 1865. In 1870 the shaft of what is now 
known as the North mine was sunk and operations began. 

The bed mined occupies the same stratigraphic horizon as 
the one from which a large output is obtained in Macon, 
Randolph, and other counties in Missouri and to which the 
name Bevier bed is applied in reports of the :Missouri Geolog­
ical Survey. As shown by mining operations at Leavenworth, 
Richardson, Lansing, and Brighton, the Bevier bed has a 
remarkably uniform thickness, averaging 22 inches. (See fig. 
10.) The same bed is 22 inches thick south of Atchison, only 
8 miles northwest of Iatan j 21 inches at Saxton, near St. 
Joseph; 23 inches at Stewartsville, 19 miles north of Mecca; 
and 21 inches at Randolph, 11 miles south of ~ashua. The 
Bevier bed therefore has a wide regional distribution and 
probably underlies the greater part of the Leavenworth and 
much of the Smith ville quadrangles. It was not found in 
churn drilling at Smithville and may be wanting or very thin 
in other places, especially in the eastern part of the region. 
The Bevier bed lies at an average distance of 620 feet below 
the base of the Plattsburg limestone member of the Lansing 
formation at Leavenworth and Lansing, and its altitude in any 
locality can be approximately determined by subtracting 620 
feet from the altitude of the Plattsburg shown by the structure 
contours on the geologic maps. Its depth below the sUlface 
can then be calculated by subtracting the altitude so. determined 
from the surface altitude indicated by the brovm surface con­
tours on the topographic maps. The interval between the 
Plattsburg limestone and the Bevier coal is not uniform, how­
ever, owing chiefly to differences in the thickness of the 
Pleasanton formation. In the drilling at Atchison this inter­
val is only 535 feetj a mile north of "\Veston it is about 600 
feet; and 2 miles southwest of Platte City it is 646 feet. 

In the Lansing shaft (see p. 8) and the North shaft at 
Leavenworth six and five coal beds, respectively, were found 
above the Bevier bed, chiefly in the Cherokee shale, but the 
thickest measured only 14 inches. Shafts ','ere sunk at the 
North mine to a total depth below the surface of 999 feet and 
a boring made to an additionlll depth of 172 feet, until the 
entrance of great volumes of water caused it to be abandoned. 
(See p. 4.) A deep well at Leavenworth ~outh of the United 
States penitentiary was carried below the top of what is 
undoubtedly pre-Pennsylvanian limestone, so that it is certain 
that all the coal-bearing strata have been explored. (See p. 
3.) A summary of the coals follows: 

Summary of aoal beds in LealJeltworth shaft and borings. 

---------------1 "!""~. :~~ 
Hen,~~~;:rO~:~i~:~tt,,----- ________________ 1" I"Chl!8' s l Feet·567 

Cherokee shale: 
Lexip.gton ___ _ 
Coal _________ _ 
Coal _______ _ 

Coal ______ _ 

Bedford __ _ 

Bevier (bed mined)_ 
Coal_. _________________________ _ 

Lell>venworth-SmUhvllle. 

12i 598 

6 617 

14 

24 
16 

640 
663 

677 
709 

728 
SS, 
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Sltmmary of coal beds in Leavenworth shaft and borings-Continued. 

Depth. 

Cherokee shale-Cont.inued. 

Coal 18 "8 Coal _________________ _ 10 993 
Coal 26 '" Coal _________ . _____ _ 28 1,031 
Coal ________________ _ 12 1,0137 
Coal _______________ _ 1,097 

CoaL_ 1,127 

Aggregate thickness 197 

The total thickness of coal found in beds at least 14 inches 
thick at Leavenworth was 108 inches. As shown by actual 
experience in European and American fields bituminous coal 
beds as thin as 14 inches can be profitably mined under favor­
able market and mining conditions at depths even greater than 
those at which coal will be found anywhere in this region. 
One coal bed was 18 inches thick and 25 feet below the Beyier 
coal bed in the Home mine sump, 16 inches thick and 30 feet 
below the Bevier in the Brighton sump, and ] 2 inches thick 
near Atchison. Although beds below the Bevier horizon 
thicken and thin somewhat irregularly, the results of the 
Leavenworth prospecting operations may be taken as a fair 
index of the coal resources of at least the Leavenworth qUlld­
rangle. The following coal summary of the boring made 2 
miles south of ,Atchison, only a few miles northwest of the 
northwest corner of the Leavenworth quadrangle, also has a 
bearing on this region: 1 

Coal beds 14 inches or more thiak in Atahuon deep boring. 

Cherokee shale: 
Bevier __ 

T"'O"~"I~ Inches. Feet. 

_____ 22 801 

:: I ~: ~:~ 
1.5 1,199 

101 

Coal __ 
Coal __________ _ 

Coal 

Aggregate thickness 

The total thickness of coal in the Atchison boring, including 
thin beds, was 177 inches. The top of the Mississippian series, 
below which there is no coal, was reached at a depth of 1,315 
feet, 1,359 feet below the base of the Oread limestone member 
of the Douglas formation. The 3-foot coal bed at a depth of 
1,126 feet is the same as an impure 28-inch bed at a depth of 
1,031 feet at Leavenworth and is the one in which mining 
operations were conducted at the Atchison deep shaft. 

The only deep prospecting in the Smithville quadrangle was 
made with a churn drill at SmJthville to a depth of 804 feet, 
nearly to the base of the Pennsylvanian series. Coal beds and 
other strata were not carefully noted and the chief economic 
yalue of the drillin~ lay in a reported discovery of coal that 
caused a second hole to be made with a churn drill to a depth 
of' 450 feet and with a core drill to a further depth of 488 feet. 
Three feet of coal are reported found in the second drilling at 
a depth of 474 feet. (See p. 4.) This coal bed lies at an alti­
tude of about 363 feet, 457 feet below the top of the Kansas 
City, formation, the upper member of which outcrops near 
Smitliville, and 517 feet below the horizon of the Plattsburg 
limestone member of the Lansing formation, indicated by the 
structure contours on the geologic map. This bed appears to 
be in the upper part of the Cherokee shale, but its exact strati­
p;raphic position i"s not clear. It does not seem to be ~orre]ated 
with thick coal beds in other parts of this general region and 
its reported thickness may not be maintained under a large ter­
ritory. The discovery is an important one, however, as the 
depth of the coal is by no means prohibitive and the locality is 
close to excellent markets. 

Borings in neighboring territory, some of ,,:hich ha\'e been 
mentioned, throw some light on the probable coal resources 
of the Smithville quadrangle. One boring 6 miles west of 
Kearney, only 2 miles east of the Smith ville quadrangle, 
reached the Mississippian at a depth of 1,022 feet, 941 feet 
below the Plattsburg limestone. Coal beds were not carefully 
noted, but what is apparently the Bevier was found 554 feet 
below the Plattsburg limestone. Several borings at Randolph 
penetrated an average of 100 inches of coal, of which 50 inches 
were in beds 14 to 21 inches thick and the remainder in thinner 
layers. All carefully recorded drill logs in this part of Mis­
souri show at least two 01' three coal beds 14 to 36 inches thick 
in the Cherokee shale, and these will undoubtedly become of 
considerable economic importance in the future. 

Mines and mining conditions.-Five large coal mines have 
been in active operation in the Bevier bed at Leavenworth, 
Richardson, and Lansing, and another was worked for a time 
at Brighton. The three mines of the Home-Riverside Coal Co. 
are on the banks of Missouri River. The North mine, or No.3, 
is at the southeast corner of the military reservation, north of 
Leavenworth. The shaft was sunk in 1870 and the mine was 

1 Detailed record published In Mineral Resources of Kamas for 1900 and 
1001, pp. 34-44, 1902, Md in Kansas Dniv. Geol. Survey, vol. 9, pI. 106, 1908. 

not abandoned until July, 1913. The Home mine, 01' No.1, 
is in the southeast corner of the city, three-quarters of a mile 
below the Terminal Bridge. The shaft of the Riverside mine, 
or No.2, is a mile south of the Home shaft. At these mines 
the coal lies 707 to 713 feet below the tops of the shafts. The 
Carr shaft at Richardson (NW. t SW. t sec. 18, T. 9 S., R. 
23 E.) is 685 feet deep. The mine on the north side of the 
penitentiary at Lansing, operated by the State of Kansas with 
convict labor, is 713 feet deep. The mine at Brighton, where 
the Bevier bed is 811 feet deep, has not been operated for 
several years but mas- be reopened. 

All the mines are large, the total annual production being 
about 300,000 tons, and are equipped with powerful steam hoist­
ing engines and improved machinery of other kinds. The Pen­
itentiary and the Home-Riverside mines are exceptionally well 
managed and equipped. The Penitentiary llIine is a model of 
cleanliness, having whitewashed brick walls and brick pave­
ments near the pit bottom, and is brightly lighted with 100 
incandescent and a number of arc lights. Owing to the long­
continued activity of the mines in operation, all except the 
Carr shaft having been sunk previous to 1890, the working 
faces are half a mile to a mile from the shaft bottoms. The 
Home-Riverside workings have been driven under and beyond 
the Missouri and It large part of the product is now obtained 
in Missouri. The long-wall plan of mining is followed, but 
the roof is not sufficiently strong to permit the use of a face 
track. Mining machines have not proved a succeSSj the coal 
is cut by hand and need seldom be wedged. Props are placed 
3 to 4 feet apart and at the same distance from the face. Few 
timbers are required in the entries, as the roof arches itself and 
remains firm even after many years of exposure. Gas is 
suffieiently plentiful to necessitate careful inspection of' working 
places but not to prohibit the use of naked lights. Many of 
the entries are so dryas to need occasiqnal sprinkling, but a 
few thousand gallons of water accumulate in the sumps daily. 
As much as 40,000 gallons were removed daily from the North 
mine, most of it coming from the old shaft and drill hole that 
was made neal' the pit bottom. This abundance of water in 
the lower Cherokee shale would be a serious handicap in 
attempting to mine beds much below the Bevier bed. 

The Bevier bed consists of alternate bright and dull streaks 
of hard bituminous coal, with irregularly placed streaks and 
lenses of pyrite (Hsulphur") and a, little white gypsum scale in 
thin plates. Its average specific gravity is 1.283, so that 1 
cubic foot yields 80 pounds 3 ounces, or a trifle more than 
1 bushel. "\Vhere the bed averages 22t inches thick, therefore, 
it contains 3,256 tons to the acre. There are no persistent 

partings of noncombustible matter, though 
in some workings a very thin layer of 
pyrite or of mother coal lies 10 to 14 
inches above the bottom of the bed. 
There is no well-defined vertical cleavage 
except that governed by the position of 
the working face. "Bells" and "horse­
backs" interrupt the regularity of the bed 

Coal, 22 inches. in a few places, and there is one large 
fault with accompanying steep dips in the 
North mine. (See p. 9.) The greater 

Olay,9lnchea part of the roof is a firm dark-drab shale 
("~late") of excellent stability, but two 
other types of material overlie the coal 
in comparatively small areas. One, known 
as "sulphur top," occurs in thin lenses of 
considerable lateral extent and is a pyrit­
iferous shale full of shelly sandstone layers, 

~I~U::all0b:d s:~~~~ very hard when fresh but slacking quickly 
at Leavenworth and on exposure. The other, termed "sand­
Lansing, Kans. stone top," is a calcareous sandstone gen­

erally lying about 17 feet above the coal and approaching it 
only along ancient channels; where it is only a short distance 
abo\'e the coal the intervening "slate" will not stay up. 
Under the coal are 2 to 18 inches of clay, averaging 9 inches, 
beneath which is a limestone with a characteristically uneven 
upper surface. (See fig. 10.) In many rooms the underclay is 
taken up and the limestone affords an excellent foundation for 
props and gob walls. As a whole, mining conditions are good. 

Markets.-The Leavenworth and Smithville quadrangles 
occupy an enviable position so far as coal markets are con­
cerned. With the exception of a little coal obtaine4 near 
Atchison no mining of importance is prosecuted along Missouri 
River between North Dakota and the Lexington and Rich­
mond districts in Missouri. Indeed, no mining is carried on 
in Nebraska, northern Kansas, or northwestern Missouri that 
is more than barely sufficient to supply the local needs of very 
small districts. No coal outcrops that is likely to become a 
strong competitor of the thicker and more persistent beds in 
the Cherokee shale, which are nearer the surface in the 
Leavenworth and Smithville quadrangles than they are farther 
north and west. 

Much of the product of the mines now being operated is 
used in the large public institutions at Leavenworth or is sold 
to the city trade; the rest is shipped to points north and west 



and to Kallsas City. About one-fourth of the output is nut 
and slack and the rest lump and mine run. All coal from the 
Penitentiary mine is used by Kansas State institutions. Dur­
ing recent years the demand for coal in Kansas and neighbor­
ing States has been lessened by the large supplies of natural 
gas piped to the larger cities, including Leavenworth. The 
supply of gas is rapidly decreasing, however, a.nd the coal 
industry is receiving a corresponding stimulus. 

Coke is made from Bevier coal in a small beehive oven at 
the Kansas State Penitentiary. The product is rathet" light 
and uneven in quality and contains con~iderable sulphur. It 
is used in the prison fot" cooking and at the State brick plant 
for drying brick. 

ChenM·cal analyses.-Two mines at Leavenworth and one at 
Lansing were sampled by Mr. Albertson in 1911, vertical 
channels being cut across fresh faces and the product ground, 
quartered, and hermetically sealed in the mine, according to 
the methods adopted by the United States Geological Survey 
and the Bureau of Mines. The following table contains the 
analyses of the composites of three samples from ellch mine: 
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A clay shale 6 feet thick, lying at a depth of 540 feet in the 
penitentiary shaft, is said to have made good fire brick that 
were used in the kilns. The penitentiary brick plant was at 
one time supplied -\vith mat.erial from an outcrop of the Vilas 
shale member, 23 feet thick, in a pit half a mile northeast of 
the prison. This shale is said to produce a fine buff-colored 
brick. 

Paviflg bricks were formerly made from shale lying a few 
feet abo\'e the Stanton limestone member in a pit near the 
power house at the Soldiers' Home. This shale produced a 
good brick, but Hay states that the linear dimensions contracted 
one-eighth in burning, necessitating considerable care. 

The shale pit in the hill13ide in the western part of the United 
St.ates Penitentiary Reserve (BE. t BE. t sec. 22, T. 8 S., H. 
22 E.) is in 47 feet of drab to blue plastic clay shale, lying 
in and 70 feet below the top of the La \HenCe shale mem ber. 
There is 5 inches of coal near the top, and the whole i13 capped 
by a thin calcareous sandstone. Thin sandy streaks furnish 
the proper proportion of sand for excellent brick. The mate­
rial is burned within the prison walls and the red brick and 

Chemical analY8e8 of Bevier coal from LeafJenworth quadrangle. 
rSample~ taken by At Albertson in 1911 Analyses made by the Bureau of MInes.] 

I 
L~r dl~!Dg loH? I Mo'''"" ~:~:',~::: I A~ S""h~ I H;;:m::~oo. 'i:," 0,,,.. e".:::' I:~:;~:, 

_______________ ,__ ____ ____ I I UUtt8 

112844 8.61 A 11.1 355 -~-;;__;_;~__;;~~~I 11070 

B 2.7 88.9 44.0 18.90 486 4,75 66.48 1.24 9.821 6,725 12,110 

Penitentiary mine, Lansing __ 

I C 39.9 45.8 14.29 4,49 4.58 68.30 1.27 7.07 6,915 12,450 
, D 46 6 58.4 5.24 5.84 79.69 1.48 825 I 8,070 14,020 

North mine, I.eavenworth 12848 '.0 A 12.1 35.4 86.4 16.07 4.77 5.16 56,54 1.07 16.89 5,675 10,220 

B 8.' 38.9 40.1 17.66 5.24 Ui7 ~2.18 1.18 9.22 6,2115 11.280 

C 40.8 41. 4 18,27 '.42 <3' 64..29 1.22 6.48 6.455 11,620 
D 49,3 50.7 6.68 5,81 78.66 1.49 7.91 7,895 14,210 

Home mine, Lfi'avenworth ___ _ 12852 '.1 A 12.0 35.2 39,1 13.70 4.41 5,31 58.94, : 1.09 16.55 5,955 10.720 
B 8.2 38.7 48,,0 15.07 V15 4.78 64,84 1.20 9.81 6,550 11,7110 

C ..... 40.0 44,4 Hi. 56 5.01 4.52 66.94 1.24 6.73 6,765 12,180 
D --. 47. 52,6 5.98 5.85 79,28 i 1.47 7.97 8,010 14,420 

A, As received; B, air drled; C, moisture free; D, moisture and ash free. 

SHALE AND CLAY, 

Shale suitable for drain tile and building and paving brick 
is abundant and well distributed in the quadrangles but has 
been commercially developed only on the west side of Missouri 
River and chiefly by public institutions. Sewer pipe, terra 
cotta, and other clay products could also be made from some 
of the shale. The Weston shale member of the Douglas for­
mation and the Vilas shale member of the Lansing formation 
appear to afford the best material, and the Weston is well situ­
ated for advantageous stripping at a number of points along its 
eastern outcrop and near Missouri River, The Lane shale 
member of the Lansing formation and the lower part of the 
Lawrence shale member of the Douglas formation can also be 
used in many places, and the upper part of the Lawrence mem­
ber is available where not too sandy. Fairly good common 
red brick and tile could be made from loess that can be easily 
obtained on nearly all the uplands and slopes, and certain 
products can be improved by mixing loess with shale from the 
Pennsylvanian fOnllRtions named above. The gumbo clays of 
the river bottoms are available for burnt-clay ballast, though 
quantities of clinker, shale, and stone suitable for road beds 
can also be obtained from the huge dumps of the coal mines. 
Much of the shale in the Cherokee and other Pennsylvanian 
formations does not outcrop but could be mined from the coal 
or other shafts. 

The only privately owned shale pit is that of the Leaven­
worth Vitrified Brick Co. in South Leavenworth. At the top 
of the section in the pit there is 20 feet of very sandy shale 
~ying on 10 to 15 feet of reddish-buff massive micaceous 
sandstone. Below the sandstone is 24 feet of dark-blue to 
drab shale containing two 5-inch layers of ferruginous lime­
stone and a few small concretions. Nine feet of material, 
probably sha.Ie, lying between this and the top of the Stanton 
limestone member of the Lansing formation, is concealed. The 
shale, mixed with a little sandstone, is burned to a light-yellow 
or dark-red paving brick, natural gas being used for heat. 
The product is sold locally and the production follows the 
demands of the market. 

The Lane shale member is mined at a depth of 115 feet at 
the Kansas State Penitentiary at Lansing and is ,hoisted through 
the air shaft of the coal mine. The mine section includes 15 
feet of shale at the bottom, overlain by 2 feet of sandstone 
and this by 3 feet of clay and limestone nodules. The roof 
is a st~ong, thick limestone. Rooms are made 20 to 25 
feet square. The lower 8 feet of shale is mined first, the 
upper shale staying up until the pillars are pulled and all 
falls. The limestone nodules are removed at the 'peniten­
tiary brick plant and the rest of the material is mixed and 
made into red buildin~ brick, pavers, and hollow building 
blocks. The eight down-draft kilns .are said to have a daily 
capacity of 40,000 bricks. . 

paving brick produced are Ilsed at the institution. The 
plant contains a complete outfit for the manufacture. of stiff­
mud brick, including dry pan, pug mill, auger machine, 
automatic cutter, re-press machine, and waste heat drier. 
Two kilns for pavers are said to have a capacity of 120,000 
bricks each. 

At the United States military prison stockade, half a mile 
below Wade, a blue, slightly sandy clay shale, lying between 
the latan limestone member of the Douglas formation and 
the coal bed 18 feet above it, and 12 feet of blue clay shale 
under-lying the Iatan are made into red brick, which are 
used in the prison buildings. The brick plant is complete 
though small. 

STONE. 

Crushed stone suitable for road material and for concrete can 
be easily obtained in the quadrangles. The Oread and Iatan 
limestone members of the Douglas formation, the Stanton and 
Plattsburg limestone members of the Lansing formation, and 
the lola limestone member of the Kansas City formation-all 
furnish abundant material. Good building stone is not so 
common, though all these limest.one beds commonly contain at 
least one' building ledge 1 foot to 3 feet thick. The thick 
massive sandstone outcropping in much of the southern third 
of the quadrangles is rather soft but might be sufficiently 
strong whe.n properly seasoned. The best ledges for build­
ing stone are the two "dimension rocks," one forming the 
lower di vi13ion of the Stanton limestone and the other a part 
of the Oread limestone. These beds split along one or two 
planes to form thin,. ev:en pieces that are excellent for founda­
tions, sills, curbing, and "valls. Parts of the old walls of the 
United States military prison were made from blocks obtained 
from the ontcrop of the latan limestone in the vicinity and 
appear to be durable. 

Outcrops of thick limestone beds are so extensive that the 
location and operation of quarries is governed chiefly by local 
fluctuating demand. Quarries have been opened at many 
points along the outcrops of the limestone beds .. Much of the 
rock is broken by hand, though there are a few small crushe1's. 
Xearly all the upper part of the Oread limestone has been 
removed from parts of the ridges on the United States Peniten­
tiary and Fort Leavenworth reservations. The chief produc­
tion recently has been from the Oread limestone on Pilot 
Knob and the hills west of Leavenworth, the United States 
Penitentiary Reserve, Government Hill, and Hancock Hill; 
from the latan limestone at the United States military prison 
stockade and near Weston; and from the Stanton limestone 
west of Lansing, at Tracy, and at Platte City. The Wyan­
dotte Construction Co. has opened two large temporary quar­
ries 8 miles west of Smithville, where a 15-foot ledge of the 
Stanton limestone is crushed for use on the roadbed of the 
new electric line. 

LIME AND CEMENT. 

Nearly all the limestone beds are sufficiently pure to yield a 
good grade of high calcium lime. The chert in some beds 
must be removed before they can be used, but it is not abun­
dant except in the upper part of the Oread member. The 
main ledge of the Stanton limestone is burned in a. small kiln 
at the Kansas State Penitentiary, and the Oread limestone is 
used at the U l1ited States military prison stockade. 

Many of the limestones and shales of thf' region could be 
combined in such proportions as to make a good grade of 
Portland cement, and they occur in many places where the 
stripping would not be excessive. 1\1oreover, this region, 
especially along Missonri River, 113 well situated as regards the 
very important factors of cheap fuel, good transportation facili­
ties, and adequate markets. The following ana.Iyses 1 show 
the suitability of the Stanton and latan limestones and the 
intervening Weston shale for the manufacture of Portland 
cement. Analyses of the Stanton limestone from Lansing and 
Soldiers' Home are essentially the same as those cited below, 
though slightly lower in magnesium carbonate. 

1 

Analyses of limestone8 in the Leavenworth quadrangle. 

Silica 
(OliO.). 

2.77 1. 70 90.70 4.20 0.11 99.48 

2.. 2,82 4.08 87.86 4.82 99.53 
6,156 i.8(:i 87.06 0.01 9998 
2,49 .95 95.59 .25 .18, 99.89 

6.22 1.20< 90.86 1.58,_ 99.86 
4.71) ::: \ 

91. 28 
226 \ 

-------- 99.84 

4.94 91. 75 U.i5 I 99.49 

3.19 1.04 90.05 1.20 ::1 100.78 

1. Ledge at base of bluff at 'Veston. Mo. (Stanton limestone member). 
2. Ledge 18 feet thick at ·Weston, l'!10. (latan limestone melllber). 
3. Cherty ledge at top of hill at Iatan. Mo. (Oread limestone member). 
4. Ledge at base of bluff north of depot at Iatan, Mo. (Iatan limestone 

member). 
5. Ledge at base of bluff a mile south of Iatan, Mo. (Iatan limestone 

member). 
6, Lower 3 feet exposed in ledge at base of bluff 2 miles south of Iatan, 

Mo. (Iatan limestone member). 
7. Ledge at base of blutf2 miles south of latan. Mo. (8 feet of stone above 

No.6, Iata,n limestone member). 
8. Upper 7 feet of ledge at base of bluff 21l1iles south of Iatan, Mo. (latan 

limestone member). 

Analyses of 8hale from Weston 8hale member of Douglas/ormation near 
Iatan, Mo. 

Silica (SIO~) __ 
Alumina (Al,O!) _____ _ 

Ferric oxide (FeeO.) __ 
Lime (OaO) .. ________________________________________ _ 
Magnesia (MgO) ____ ._. ____________________ . __ .. ____ _ 

Alkali8S. ____ _ 
Water (HeO) _________ .. _________ . __ 

60.20 
20.05 

4.0.5 4.95 
.86 1.69 

.82 .93 

'.28 

Loss on ignition _______________________________ , ____________ , 9.24 
1.35 
8.89 

100.56 98.06 

1, 2. Beds underlyhlg the lower ledge of limestone at latan, Mo. 

SAND AND GRAVEL. 

Only a little sand can be obtained from the beds of the 
creeks and small streams, and few of the scattered deposits at 
the base of the Pleistocene are so situated as to be available. 
A cut on the new electric railroad, 6 miles west of Smithville 
(!:lE. t sec. 22, T. 53 X, R. 34 W.), exposed 6 to 10 feet of 
sand that could be obtained ~y moderate stripping. 

The Dresser Sand Co. dredges a clean, fairly even grained 
quartz sand for general building purposes from the bottom of 
the Missouri near Leavenworth. The constant shifting of the 
deposits necessitates fllequent moving of the dredge, so that 
sand of the required degree of flneness may be obtained. At 
times the river bed is swept clean of sand for considerable dis­
tances, and the dredge must be taken seyeral miles up or down 
river. 

Little gravel in the region is suitable for road metal or con­
crete work. Small depo,sits lie in some stream beds, and parts 
of the glacial till are very pebbly, but the cost of obtaining 
g-r;ayel in quantity would be prohibitive. Most of the pebbles 
and bowlders in the Aftonian (?) beds are too large for use. 

OIL AND GAS. 

Since the discovery and exploitation of oil and gas in the 
Kansas and Oklahoma fields some attention has been turned 
to the possibilities of northwestern Missouri and northeastern 
Kansas. The greater part of the output of the producing fields 
comes from the Cherokee shale in places where its stratigraphic 
relations, lithologic character, and structural features differ very 
little from those t.hat characterize it in the region of the Leaven­
worth and Smith dlle quadrangles. Drilling that has already 
been done in this region has not yet resulted in the discovery 

1 Buahler, H. A., ,Lime and cement resources of Missouri: Missouri 
Bur. Geology and Min'es, vol. 6, 2d ser., pp. 188-189, 1907. 



of very large accumulations of oil or gas, though enough has 
been found to encourage prospectors greatly. 

With the possible exception of structural terraces that 
interrupt the general westerly and northwesterly dip in the 
southern part of the Smithville quadrangle and the southwest· 
ern part of the Leavenworth and of small anticlines there are 
no structural features in the quadrangles that are particularly 
favorable to the accumulation of oil and gas. As the deep­
lying formations are saturated with water, any oil or gas that 
may be pref?ent is most likely tn gather in Atructural terraces: 
and anticlines, areas in which the upward passage of oil or gas 
in dipping porous beds is interrupted. These features are 
indicated by the structure contours on the geologic maps and 
are briefly described under "Structure of the Leavenworth and 
Smithville quadrangles." Analogy with the producing fields 
of Kansas indicates that accumulations are most apt to lie above 
the top of the Mississippian series. 

In 1915 a boring was made to a depth of 1,033 feet about a 
mile north of 'Veston (SW. t NE. t I:ec. 2, T. 53 N., 
R. 36 'V,) and another to a depth of 955 feet about 2 miles 
southwest of Platte City (X t sec. 3, T. 52 K., R. 35 W.). 
K either well produced oil or gas, and both 'were located near 
the end of the axis of an anticline, These results do not neces­
sarily condemn other parts of the anticlines. 

A well 2 miles southeast of Tiffany Springs (SE. t SE. t sec. 
1, T. 51 :-I., R. 34 W.) WftS abandoned at a depth of 480 feet. 
Another 25 feet distant was continued to a depth of 600 feet, 
and several barrels of oil are said to have beE'n baled from a 
depth of 590 feet, apparently from the lower part of the Pleas­
anton formation. A well 2t miles southwest of Tiffany Springs 
(BE. t sec. 8, T. 51 N., R. 34 W.) was completed in 1911 after 
penetrating 840 feet of Pennsylvanian rocks. At depths of 530 
to 545 feet, in either the lo\,:er part of the Henrietta forma­
tion 01' the top of the Cherokee shale, a powerful flow of gas is 
reported to have been found in a sandstone. Two wells were 
then drilled to the SAme sand a short distance farther south 
(NE. i sec. 17) and a powerful flow of gas resulted. It is 
reported that the gas is to be piped to Parkville. These wells 
are all on a large structural terrace, other parts of which appear 
to offer equally favorable conditions, so far as structure is con­
cerned. A little oil and considerable gas are reported from 540 
to 815 feet at Maywood station, halfway between Leavenworth 
and Kansas City, and gas has been found at a number of other 
places farther south of the quadrangles. 

No oil 01' gas is reported to have been found in the first 
Smithville well, which was abandoned at a depth of 804 feet 
in white sandstone that probably lies near the base of the 
Pennsylvanian. Some oil and gas are said tD have been found 
in the second Smithville well at depths less than 500 feet. The 
deep well bored for oil near the United States penitentiary at 
Leavenworth in 1887 did not furnish conclusive informatioll, 
as precautions 'Were not taken in time to shut off the great 
quantities of water encountered. The rope is reported to haye 
been saturated with petroleum when drilling was progressing 
in the Ordovician system at a depth of 1,802 feet, and gas 
was present in small quantities, as the well would overflow for 
seyeral minutes after being agitated with the sand pump. The 
shafts and borings at the North mine at Leavenworth pene­
h'ated nearly all the Cherokee shale without finding notable 
amounts of gas or oil. Here, also, great quantities of' salt 
water gave much trouble. 

WATER RESOURCES. 

SU1iace waters.-Systematic studies of the flow of streams 
and the collection of hydrometric data in the Missouri RiYer 
basin have been conducted by the United States Geological 
Survey since 1888. Records obtained at the gaging station ~n 
Missouri River near Kansas City, }10., from April 1 to Decem­
ber 31, 1905, show that during that period the flow of the 
Missouri at that point varied from 16,200 secpnd-feet in 
December to 236,000 second-feet in .Tuly, and that the total 
run-off for the period was 38,900,000 acre-feeL1 No records 
of t.he flow of Platte River and other streams in the Leavell-

1 U. S. Geol. Survey Water·Supply Paper 172, p. 35, 1906 
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worth and Smithville quadrangles ha,ve been collected by the 
Survey. Power was formerly obtained for small gristmills on 
the smaller s;treams in this area, but low stream gradients and 
insufficient flow during periods of low water seem t!J have 
precluded the installation of large water-power plants. 

Missouri Ri vel' is important both as a source of water supply 
and as a receiver of sewage. The city supply of' Leavenworth 
is pumped from the ri vel', passed through three settling basins 
containing graded fragments of crushed limestone, and then 
forced to a distributing reservoir on Pilot Knob. Though the 
water supply of Fort Leavenworth is taken from the Leaven­
worth city plant, it is purified by sand filtration before being 
used. Water for the Kansas State Penitentiary is forced from 
the river to a reser\'oir back of the bluffs by a pumping plant 
a mile east of the institution and is filtered through sand. 
Complete removal of the great quantity of suspended matter 
carried by the river water renders filtration difficult and expen­
sive. The water when freed from its mud is hard and high in 
sulphate and can be distinctly improved by softening before 
being used in boilers. The following figures show the aver­
age composition of the river water at Kansas City, Kans., above 
the entrance of Kansas RiYer and only a few miles below 
Leavenworth: 

Average chemical composition of the l.l)ater of Mis~ouri River at Kansas 
Gity, Kans" 1906." 

[Partspermlilion,] 

Suspended matter ._~_ ._ ........ . 
Silica (SiO.) 
Iron (Fe) _____ ~_.__ _ ___________ . __ 
Oalelum (Oa) __ .. __ 
Magnesium (l\Ig).__ _ _ ___ ............. . 
Sodium and potassium (Na and K)_. 
Carbonate radicle (00.) .... _ ... _ 
Bicarbonate radicle (HCO ) ...... . 
Sulphate radicle (S04) _ .. _ .. __ 
Nitrate radicle (NO.) ... ___________________ ... __ .. _ 
Chlorine (01) .... ________________ .. _________ ...... __ 
Total di~solved solids __ _ 

2,082 
B7 

,73 
62 
18 
44 

185 
2.2 

13 
426 

Ground wate1'8.-Small springs of clear cold water are com­
mon throughout the sandstone area in the southern part of the 
quadrangles a,nd at many points along the base of outcrops of 
the Stanton limestone member of the Lansing formation and 
the Iatan limestone member of the Douglas formation. A 
peculiar perennial spring issues near the wp of the small 
mound a short distance southeast of Fairholme. Several min­
eral springs that flow from the sandstone in the Douglas for­
mation in the southern part of the Smithville quadrangle have 
aroused interest among health seekers, those at Tiffany Springs 
being the best known. According to Schweitzer,S these waters 
are chalybeate and deposit iron on exposure to the air and 
the escape of their free carbon dioxide. They contain also 
much calcium and magnesium. The flow of Crystal Spring 
(NE. t sec. 3, T. 51 N., R. 34 W.) is said to be 100 gallous 
an hour. 

Good water of moderate mineral cont.ent can be obtained at 
moderate depths in most parts of the region, and very hard, 
highly mineralized water is very abundant at greater depths. 
The average depth of 156 farm wells about which data were 
collected in the Leavenworth quadrangle is only 43 feet. It 
is somewhat difficult to obtain water on the hills bordering 
Missouri River, especially east of the stream, where the loess is 
exceptionally thick, and many farmers in that district use rain­
water cisterns. Water is most abundant near the base of the 
unconsolidated surface deposits and in the limestones and sand­
stones. Wells in shale ("soapstone") are not reliable. 

::;3hafts and wells that haye penetrated deep-lying strata find 
much water. A small flow, now used for drinking on the 
premises, comes from the Vilas shale member of the Lansing 
formation at a depth of 60 feet in the Home coal shaft. at 

I U. S. Geol. 'Survey Water·Supply Paper 236, p. 79, 1909. 
S Schweitzer. Paul. Mineral waters of Missouri: Missouri Geol. Survey, 

vol. 8. pp. 182, 183, 1.'i9, 1892. Analyses of the Rogers Spring, in the 
southeastern part of the Smithville quadrangle, are given on p. 145, and 
of the Crystal Spring at Tiffany Springs on pp. 166 and 282. Analysss of 
Crystal Spring and the neighboring Artesian Spring are also given in U. S. 
Geol. Survey Water-SUpply Paper 102, pp. 431-438, 1904. 

Leaven worth. 1 Great quantities of mineralized water were 
found in the Cherokee shale in the shafts and boring at the 
North mine at Leavenworth, especially in sandstone strata 
lying 757, 853, 1,000, and 1,084 feet, respectively, below the 
Plattsburg limestone member of the Lansing formation, the 
altitude of which is shown by the structure contours on the 
geologic map. As this water contains much common salt, it 
is termed "ocean spray" and was used for several years in a 
large swimming pool in Leavenworth. It contains 15,717 
parts per million of chlorine, 9,296 of sodium and potassium, 
541 of calcium, 232 of magnesium, 43 of silica, 36 of sulphate, 
and 8.4 of iron. 4 

Great quantities of strongly mineralized 'water were also 
found in the Leavenworth oil boring. The first flow of salt 
water was from a depth of 550 feet (above the Bevier coal 
horizon), and a stronger flow came at 1,150 feet, in the lower 
part of the Cherokee shale. Five streams within the next 500 
feet brought the water within 100 feet of the top of the well. 
A strong flow at 1,700 feet, probably in Ordovician rocks, 
contained so much sulphur that it destroyed 500 feet of hemp 
cable. After penetrating the St. Peter sandstone, the base of 
which was at a depth of 1,870 feet, 1,755 feet below the Platts­
burg limestone member, there was so much water that the well 
was abandoned at a depth of 2,116 feet. For a week 200 
gallons per minute were pumped out of the well without 
reducing the level of the water 5 feet. ~ 

SOILS. 

The soils of the quadrangles constitute a very important 
mineral resource and may be separated according to origin into 
three broad divisions-glacial and loessial soils, alluyial soils, 
and residual soils. 

The glacial and 10essia.1 soils cover by far the greater part of 
the area, and, as the material of glacial deri yation is covered 
by at least a thin layer of loess nearly everywhere except 
above the Oread escarpment in Kansas, their character is 
det.ermined chiefly by that of the loess. These soils range 
from light yellowish brown to brown or almost black and are 
smooth to the touch. They are of almost uniform texture, 
both in yertical section and over large areas, though some­
what coarser and more sandy near the Missouri River bluffs 
than elsewhere. The distribution and thickness of the loess 
has already been described (p. 8). Loess soils are among the 
most productive in the United States, a,nd the present pros­
perity of this region is largely due to their presence. 

The alluvial soils are confined W the flood plains of the 
principal streams and, next to the loess soils, are the most 
fertile. As already mentioned (p. 8), these soils are of two 
types-one found along the smaller streams and differing only 
slightly from the loess soils from which it is chiefly derived, 
and the other forming the surface of most of the Missouri 
River flood plain. The second type has a considerable range 
in color and composition, comprising sand, sandy loam, and 
considerable dark-gray to yellowish-brown silty clay that is 
heavy and tenacious and difficult to ha.ndle. Under favorable 
conditions, however, most of' the alluvium gives fair yields of 
corn and wheat. 

The residual soils are confined to the areas in which Penn­
syl vanian rocks outcrop. They result from the weathering of 
the Pennsylvanian formations upon which they lie and derive 
their character from them. Where the Lawrence shale mem­
ber outcrops in the southern third of the quadrangles it con~ 
sists of massive sandstone 'and sandy shale and has produced a 
soil of rather low fertility. Soils derived from weathering of 
shale and limestone are more productive, though in places too 
stony for cultivation. Not all the area mapped as Pennsyl­
vanian is characterized by typical residual soils, however, for 
considerable loess and some glacial till cover them in some 
places a,nd have modified them in many others, 

}Iay, 1915. 

4 Analyses pUblh;hed in U. S. GeoL Survey Water-Supply Paper 278, p. 
125,1911, and in Kansas Univ. Geor. Survey, vol. j, pp. li'iZ, 206, 1902. 

0: Jameson, E" Geology of the Leavenworth prospsct well: Kansas Acad. 
Sei. Trans., vol. 11, pp. 87-38, 1889. 
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U. S. GEOLOGICAL SURVEY 
GEORGE OT1S SMITH, DIRECTOR 

PLATE I.- LANSING FORMATION, INCLUDING PLATTSBURG LIMESTONE MEMBER, WHICH 
APPEARS IN TWO LEDGES IN MIDDLE OF CLIFF. 

Near mouth of Ninemi le Creek, Lansin£". Kans. 

PLATE III.-MASSIVE SANDSTONE AT BASE OF LAWRENCE SHALE MEMBER OF DOUGLAS 
FORMATION. 

Concre tions at stream level are ch aracteristi c of the basal part of the sandstone. One mile southeast of 
linkville. Mo. 

PLA.TE VI. - LOWER PART OF DREAD LIMESTONE MEMBER OF DOUGLAS FORMATION. 

In road cut on Government H ill. northwest of Leavenworth, Kans. 

PLATE VIII.- CRUMPLED AfTONIAN (t) INTERGLACIAL DEPOSITS DISTORTED PROBABLY 
BY BEING OVERRIDDEN BY KANSAN GLACIER. 

Crow Creek, east 01 Smithville. Mo. 

PLATE IY.-MAIN LEDGE OF STANTON LIMESTONE MEM. 
BER OF LANSING FORMATION OVERLAIN UNCON· 
FORMABLY BY BRECCIATED LIMESTONE BEDS AT 
BASE OF LAWRENCE SHALE MEMBER OF DOUGLAS 
FORMATION (ABOVE HAMMER). 

Two miles southeast of Nashua. Mo. 

PLATE IX.- JOINTING IN FARLEY LIMESTONE BED IN LANE 
SHALE MEMBER OF LANSING FORMATION. 

Exposed in bed of brook in southwest COrner of Smi thv il le quad· 
rang le. Mo. 

MISSOURI- KANSAS 
LEAVE NWORTH-SMITHV I LLE QUADRANGLES 

PLAn II.-IATAN LIMESTONE MEMBER OF DOUGLAS FORMATION. 

Very thin bedded shaly limestone in railroad cut at latan. Mo. 

PLATE V.- BASAL SANDSTONE OF LAWRENCE SHALE MEMBER, WHICH HERE RESTS 
UNCONFORMABLY ON WESTON SHALE MEMBER OF DOUGLAS FORMATION. 

Pit of Leavenworth Vitr ified Br ick Co., Leavenworth. Kans. 

PLATE ViI.- INTERGLACIAL BOWLDER BED OF PROBABLE AFTONIAN STAGE. 

Near Weston, Mo. 

PLATE X.-CLIFF OF LOESS SHOWING CHARACTERISTIC COLUMNAR JOINTING AND 
INDISTINCT HORIZONTAL BANDING. 

Railroad cut nea r Beverly, Mo. 



No,* 

HI 
II 
18 
19 

110 

56 

Na.me of folio. 

Livingston ' 
Ringgold .. 
Placerville .. 
Kingston. 
Sacramento .. 
Chattanooga .. 
Pikes Peak 
Sewanee. 
Anthracite-Crested Butte .. 
Harpers Ferry 

l57 Downieville 
! 58 Butte Special 
t 39 Truckee 
140 Wartburg .. 
141 Sonora. 

42 
t43 
144 
t45 
146 
t47 
148 
~.49 
150 
151 
t52 
t 53 
154 
155 
"!-56 
15, 
158 
159 
160 
161 

62 
165 
164 

65 
166 
6, 
68 

Nueces . 
Bidwell Bar .. 
Tazewell . 
Boise. 
Richmond 
London. 
Tenmile District Special. 
Roseburg 
Holyoke 
Big Trees 
Absaroka. 
Standings tone . 
Tacoma 
Fort Benton .. 
Little Belt Mountains 
Telluride ... 
Elmoro. 
Bristol. 
La Plata 
Monterey 
Menominee Special. 
Mother Lode District 
Uvalde. 
Tintic Special . 
Colfax 
Danville 

State. 

Montana. . ..... 1 
Georgia-Tennessee. 
California 
Tennessee. 
California II 

Tennessee ... 
Colorado. 
Tennessee .. 
Colorado. 
Va.-Md.-W.Va 
California 
Ky.-Va.-Tenn 
Virginia-Maryland 
Virginia-West Virginia. 
California 
T'ennessee-North Carolina. 
California 
California 
Ala ... Ga.-Tenn 
Tennessee .. 
Tennessee ... 
Tennessee. 
Maryland- Virginia 
Montana. 
Tennessee .. 
Virginia- West Virginia. 
Tennessee. 
West Virginia-Maryland .. 
Ca.lifornia 

West Virginia-Virginia. I 
~::~e~~~:i~ia . . . '1, 
Alabama. I 

Colorado. 
California 
Montana. 
California 
Tennessee .. 
California 
Texas 
California 
Virginia-West Virginia. 
Idaho .. 
Kentucky 
Kentucky 
Colorado. 
Oregon .. 
Massachusetts-Connecticut. 
California 
Wyoming. 
Tennessee. 
Wa.shingtoll 
Montana. 
Montana 
Colorado. 
Colorado. 
Virginia-Tennessee. 
Colorado. 
Virginia-WElst Virginia. 
Michigan. 
California 
Texas 
Utah. 
California 
Illinois-Indiana 
Colorado. 

Price.t 

Cents, 

t69 
t 70 
\l1 
\l2 
\<5 
174 

Walsenburg 
Huntington 
Washington 
Spanish Peaks 
Charleston .. 
Coos Bay 
Coalgate ... 

. I West Virginia-Ohio. 

. I D. C.-Va.-Md .. 

-'5 
t 76 
In 
,8 

\<9 
180 
t 81 
t 62 
)85 

64 
85 
86 
8, 
88 
89 
90 
91 
92 
915 

t 94 
95 
96 
9, 
98 
99 

100 
101 
102 
105 

Raleigh. 
Rome .. 
At.oka .. 
Norfolk. 
Chicago 
Masontown-Uniontown 
New York City 
Ditney 
Oelrichs 
Ellensburg .. 
Camp Clarke .. 
Scotts Bluff . 
Port Orford 
Cranberry 
Hartville. 
Gaines 
Elkland-Tioga. 
Brown s ville-Conn ellsvill e 
Columbia ... 
Olivet .. 
Parker. 

I 
Colorado. 
West Virginia. 
Oregon. 
Oklahoma Ond. T.) . 
Tennessee ... 
Texas 
West Virginia. 
Georgia-Alabama. 
Oklahoma (Ind. T.) . 
Virginia-North Carolina. 
l1linois-Indiana 

Jersey 

pennsylnc,ia-f<ew York. 

II 

II 

i 

II 
II 

Ii 
'I 
II 

~~~;he~:~O~; . II 
South Dakota . 
Oklahoma (Ind. T.) . I 
South Dakota . 

California I 

Tishomingo 
Mitchell 
Alexandria .. 
San Luis .. 
Indiana. 

South Dakota . I 

__ ._l~~n_o~y_~,_v:_;~_~_. _. __ ~_.l .. L_ j 

~q--=-!~:e~~f fOUl' _~~ ___ St.te. 
104 I Silver City. . . . . . . . . .. Idaho. 
105' Patoka............. Indiana-Illinois 
106 Mount S~uart .. ...... Washington 
1O'l Newcastle........... Wyoming-South Dakota. 
108 Edgemont........... South Dakota-Nebraska. 

109 Cottonwood Falls ..... "1 Kansas 
t 110 Latrobe Pennsylvania 
tIll Globe. Arizona 

112 Bisbee (reprint). . Arizona 

J 15 Huron I South Dakota. 
114 De Smet . South Dakota. 

t ] I 5 Kittanning. Pennsylvania 
116 Asheville. North Carolina-Tennessee. 
1 17 Casselton-Parga North Dakota-Minnesota 

j ill f£~~" II ;~!:~~~:~~ 
t 125 Rural Valley Pennsylvania 
t 126 Bradshaw Mountains. . Arizona 
t 127 Sundance Wyoming-South Dakota. 
t 128 Aladdin. Wyo.-S. Dak.-Mont 
t 129 Clifton 
t 150 Rico 
t 131 Needle Mountains 
t 152 Muscogee 
t 153 Ebensburg .. 
t 154 Beaver. 
t 155 Nepesta. 

136 St. Marys 
13? Dover 

I 145 
lJ44 
tI45 

146 
14< 
148 

t 149 
t150 
tI51 

152 
t 1.53 
1154 

155 
t 156 
t 15? 

158 
159 
160 

)161 
t 162 
)165 

Redding 

Rogersville 
Pisgah. 
Joplin District (reprint) . 
Penobscot Bay . 
Devils Tower. 
Roan Mountain. 
Patuxent 
Ouray 
Winslow. 
Ann Arbor (reprint) 
Elk Point 
Passaic 
Rockland 
Independence . 
Accident-Grantsville. 
Franklin Furnace. 

11164 Belle Fourche. 
11165 Aberdeen-Redfield. 

I~i 166 El Paso 
i t 167 Trenton. 

I
I! 168 Jamestown-Tower. 
,.169 Watkins Glen-Catatonk 
I! 170 Mercersburg-Chambersburg. 

Iii I'll Engineer Mountain. 
I 11172 Warren .. 

II' 11175 Laramie-Sherman 
I 11174 Johnstown. 

n'1 ~ ~~ ~!:!~f:;m .. 
I ~I 1 'l'l Burgettstown-Carnegie 

11178 Foxburg-Clarion 

1
111?9 Pawpaw-Hancock 
11180 Claysville 

I II 181 Bismarck 
II J82 Choptank 

.111183 Llano-Burnet 

1

11184 Kenova 
R 185 Murphysboro-Herrin .. 
§.186 Apishapa. 
§ 187 Ellijay 
§ 188 Tallula-Spnngfield. 

189 Barnesboro-Patton. 
§190 Niagara 
§ 191 Raritan 

192 Eastport. 
~ 195 San Francisco 

Arizona 
Colorado. 
Colorado 
Oklahoma Ond. T.) .. 
Pennsylvania 
Pennsylvania 
Colorado. 
Maryland-Virginia 
Del.-Md.-N. J . 
California 

pennSYIVall'i~:~~ Te:"~l~~~~:~:' : 
Wisconsin-Iowa-Illinois 
Pennsylvania 
N. Carolina-So Carolina 
Missouri-Kansas 
Maine 
Wyoming 
Tennessee-North Carolina 
Md.-D. C 
Colorado. 
Ark.-Okla. Ond. T.) 
Michigan. 
S. Dak.-Nebr.-Iowa 
New Jersey-New York 
Maine 
Kansas 
Md.-Pa.-W. Va .. 
New Jersey. 
Pa.-N. J.-Del . 
California 
South Dakota. 
South Dakota. 
Texas 
New Jersey-Pennsylvania. 
North Dakota 
New York. 
Pennsylvania 
Colorado. 
Pennsylvania-New York 
Wyoming 
Pennsylvania . 
Alabama. 

Va.-Pa. 

Va.-Ohio 

New Jersey. 
Maine 
California 

194 Van Horn. . Texas 
195 Belleville-Breese Illinois 
196 Philipsburg Montana. 

I
s 197 Columbus Ohio 

198 Castle Rock. Colorado. 

I 
199 New Mexico. 
200 Illinois-Iowa. 

~201 Minneapolis-St. Paul. . Minnesota .. 
202 Eureka Springs-Harrison. Arkansas-Missouri . 
205 Colorado Springs. . Colorado. 
204 Tolchester Maryland 

§ 205 Detroit. Michigan 
206 -"-_L,_a_v'_n_w_"_th_-_Sm_i_th_v_ill_e_._-,-_M~issouri-Kansas 

Price.t 

Genis. 
5 
5 
5 
5 
5 

25 

5 
5 

50 

25 

5 
5 
5 
5 
5 
5 
5 
5 

25 
5 

25 
25 
25 
50 
25 
25 
75 
25 
25 
25 
25 
25 -
25 
25 
25 
25 
25 
25 
50 
25 

cents each, except No. 195, 




