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IHTRODUCTION

The Pleistocene glacial deposits of Hortheastem Kansas

have received much attontion In general, with the exception

of detailed work upon the glacio-fluvlal deposits which occur

usually alone tho stream valley walls of tliat area.

It Is the purpose of this work to describe in as much

detail as posslblo, one such deposit placing particular em-

phasis upon the mineralogleal relationships enoounterod as

on aid in fixing tho age of the sediments, with attention be-

ing focused secondarily upon the ge©morphology, areal extent,

and geologic relation of tho deposit to the strata and topog-

raphy of the surrounding area.

The material for the researoh conducted consisted of

"spot" samples of the sediments involved, especially oollocted

with the end view of showing particular mineralogleal associa-

tions, and sedimentary relationships.

Aerial photographs of the region were furnished by the

personnel of tho Agricultural Conservation Association offices

of Barshall and 7/ashington counties. Those photographs wore

used in napping the deposit, see Plato III, and were found to

be essential in working out its various ramifications slnco

the restrictions of time and personnel were not conducive

toward making a detailed topographic survey of the area by

means of the plane table and alidade.

Tho excellent equipiaont made available by tho Kansas



State Highway Department's Geologic Roseoroh Laboratory,

recently established at tl a College, Bade possible the anal-

yses of the clay minerals that are presented In this report.

Field Methods

Field work was accomplished by automobile, and consisted

primarily of reconnaissance, the collection of samples, and

the taking of field notes. During this period several

sections of the glacio-fluvlal torrace were measured, its ex-

tent and method of deposition noted, and its relation to the

underlying Permian strata fixed. Topographic photographs wera

taken at this tine in order that the moat important of tha

features of the deposit could be revealed to greater advan-

ta •«

Laboratory Procedure

The laboratory research, accomplished was threefold;

consisting of a meohanical analysis, mlneralo,"ical analysis,

and clay analysis of the samples collected.

chanloal Analysis . The meohanical analysis was

accomplished by means of Bouyoucoa sedimentation tubes (1),

and Tyler graded sislng screens.

The samples were first thoroughly mixed and quartered

In the Jonea-Rlfflo sampler. Fifty grams from ono of the



quarters of each of the samples was then weighed out on the

analytical balance and placed In dispersion bottles. To eaoh

of the fifty gram samples In the bottles was added 20 cc. of

a 2.5£ solution of sodlun silicate, a dispersion agent. The

remainder of each bottle was filled with distilled water.

The average dispersal time for the samples was approx-

imately five hours, although some of the clay samples were

shaken for as long as ten hours before a complete dispersal

was obtained.

Upon completion of the disporsion, the samples were placed

in the sedimentation tubes and hydrometer readings were taken

at the proper intervals for obtaining the size frequency dis-

tribution presented In the histograms.

The samples were then carefully washed through the 250

mesh screen, the clay fraction being saved for fut\ire

analysis, dried, and again sized through a series of Tyler

graded screens to obtain the size frequency distribution of

to larger particles. Each fraction obtained by this screen-

ing was weighed on the analytical balance, and filed for future

reference.

Mineral Analysis . This was accomplished by preparing

permanent slides, mounted in Canada Balsam, of the 1/16 ram.

fraction obtained from the mechanical analysis.

The heavy fraction of minerals was separated from the

light by means of suspending the sample In bromofora and draw-



ing off the heavy minerals that descended to the bottom of the

separation funnel. These two fraotions were washed in ethyl

alcohol to remove all excess bromoform, but none of the san-

ples were treated with hydrochloric aoid since the removal of

llmonito and hematite stains was not found necessary. The

samples were again dried and the slides prepared.

After tbo prepared slides 'ad dried sufficiently to por-

mit examination, they were placed under the polarising micro-

scope and a percentage mineral analysis was made by counting

each grain that touched the cross hairs of the microscope as

tie slldo was mowed across the field of view. In every case a

complete coverage of each slide was made, but the total number

of grains counted in each instance was not the same. Enough

grains were counted, about 200 per slide, however, to allow

an accurate percentage analysis to bo made.

Clay Kineral Analysis . The identification of the clay

minerals was accomplished by determining the refraotive in-

dex under the potrograph.lc microscope, by thermal dehydra-

tion, and by thermal analysis.

Thermal dehydration was carried out by mounting an

analytical balance over an automatically controlled, verti-

cal, combustion furnace. The method used in thi3 analysis

was taken from Nutting (2), who has shown that the dehydra-

tion properties of clays bear a definite relationship to

their identity.



As practiced by Huttlnc, this method requires that the

clay* which has been suspended In the furnace from one ana of

the analytical balance, be weighed periodically at 50 degree

temperature intervals until the elay has reached a constant

weight at caci: temperature.

Inasmuch as tine wculd not permit such procedure, exper-

iments were conducted in which samples were weighed at 100

degree Centigrade intervals over 12, 3, and 1 hour poriods.

It was discovered by this experimentation that no alarming

variations cere introduced into the woights obtained. As a

result, it was decided to weigh the clays at 1 hour periods,

with temperature intervals of 100 degrees Centigrade . »] ts

wore taken up to and including a temperature of 700 degrees,

for as shown by Nutting, no essential variations in weight occur

after that temperature )uxs been reached* For this reason, the

weight of the sample at 700 degrees was taken as tha base

freight, rather than the weight at room temperature, where

weights of clays are subject to great variation with both

temperature and humidity.

A thermal analysis of the clays was conducted for the

purpose of obtaining additional information for use in iden-

tifying the clay minerals. A choaioal analysis of tho claye

as such, was not mado. The form of the thermal curve alone

was used as an aid in identification.

For tho identification, a Iieeds and ITorthrup Automatic

Recording Ilicromax was used, see Plates I an J II. This



EXPLANATION OP PL

Photocr&ph of Leeds an : Horthrup Automatic
Record lag :.!lororac«

1. Recorder

2. Controller

: . . . .

4. ilecorder Switch

5. Controllor Switch

6. Controller Switch
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machine required essentially the same procedure as that em-

ployed by Spell, Berkelhamer, Pask, and Davies (3) In which

a prepared sample of the material to he analyzed was plaoed

in one cup of a nickel block with a standard sample of cal-

cined alumina being placed In the other. Differential ther-

mocouples of chrorael-alurael were then inserted in the two

samples, while a third thermocouple of platinum-platinum 10#

rhodium was Inserted into the nickel block. The results of

the temperature variations In the saraplo wore picked up by its

thermocouple and reoorded automatically as a continuous graph.

The essential differences between tho Ificromax and the

equipment employed by tho above roferenced xrorkers are: (a)

the Hioromax contains a built in "cold Junction" thus obviating

K.z r-ecessity of using an ice pack for maintaining a constant

external temperature between the thermocouples; (b) the Micro-

max Incorporates a temperature controller, as well as a re-

corder, by means of which the rate of temperature Increases

up to and including 1,000 degrees Centigrade per hour. Is

automatically controlled by presetting. Thi3 feature also

introduces a moans for allowing the material being tested to

remain at any one temperature for lengths of time up to and

including several hours, and for varying the final heating rate

after tho "soak" time has been completed; an? (c) the recorder

has incorporated a device which allows tho Installation of

either ohromel-alumel, or platinum-platinum 10^ rhodium dif-

ferential thermocouples as desired.
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In the thermal analysis curves shown as Figs. 31, 32, and

33, tho downward dofloction3 of tha curve Indicate endotheraic

reactions within the sample. (A lower temperature having

occurred In the sample than In the standard alumina.) Upward

deflections are exothermic and are caused by a higher temper-

ature beinr, reached in the sample than in the standard alumina

with which it is compared by the two thermocouples.

It Is posslblo to obtain a quantitative analysis of the

material tested by employing the method of thermal analysis.

For the purposes required hero, the form of the curves ob-

tained was sufficient for obtaining a fairly accurate identi-

fication of the olays, therefore the quantitative analysis

was not undertaken.

Review of tho Literature

In accordance with the current United States Ceoloi-lcal

Survey's classification, a3 taken from Thwaitea (4), the gla-

cial stages of the United States iave been fixed as follows:

Epoch

Later Hanlcato, or late Yiiaconsin
(5th Wlsoonsln). I.arly k'ankato, or
late Wisconsin ( 4th Wisconsin).

; jnt Wisconsin Cary, or Kiddle TTseonsin ( 3rd ffla-
cons in). Tazewoll, or Early V/Iscon-
sin ( 2nd Ki3consin). Iowan (1st
cons in J.

Pleistocene

Sangamon
Illinoian
Yarmouth
Kansan
Aftonian
i'obraskan

Interglacial interval

Interglacial interval

Interglacial Interval



Of tho above, it la f-onerally conceded by most authori-

ties that the only glRcir.l ice to reach the state of Kansas

was that which moved down during the Konsan, and possibly the

Hebraskan, stage.

Proof that Glacial lco actually roaohed as far south as

Kansas is furnished by many observations that have been nado

during the past fifty or sixty years. Chief aiaonc the ob-

servers were I'ay (5) who recognised clearly tho tmo exis-

tence of norainic deposits, and «ho cites one in particular

to the west of the Little Blue River, in Washington county,

where r-lacial erratic boulders (not a very extensive deposit)

rest upon the Dakota Sandstone; Todd (6) who has also roc-

ognlsed the existence of Glacial deposits in the State, but

has stated that true norainos do not exist in this area but

that deposits, sometimes mistaken for moraines, really owe

their origin to stream deposition as Indicated by the drainage

line3 of the region; Sohoewe (7) who has recognized the exis-

tence of glacial drift in Kansas and has accomplished much

toward fixing the true border of the maximum extent of the

"drift" in the State. In this work, he lias fixed the western

border of the drift in Kansas as running from V/aoego north and

west to Randolph, thence north and west to Washington, and from

there northeast and north to tho state of Hebraska. This bound-

ary includes all of the Blue and Little Blue River valleys, with

the exception of the lower end of tho Big Blue from Randolph

south to Manhattan.



:;owa (8) has also contributed other reports which

have gone far toward describing and classifying tho glaolal

drift and other deposits of the ~tate. Accordinc to hln, the

present topography of the area is largely bedrock controlled

except along the Missouri River, which Indicates that the

drift deposits are not of enough significance to have affected

the topography to any extent. The thickness of the drift haa

been plaood by Schoewe as varying between 30 to 100 feet in

Central and Horthoastorn Kansas to less than five feet at the

borders of the glaciated area*

There are, again according to Sohoewe (9), evidences of

ice invasion to the south of the Kansas River. He discovered

an exposuro of glacial till at the Haskell Institute near the

southern city limits of Lawrence, and another deposit 3/4 of

a die south and one wile east of tho Haskell location in the

northeast oorner of HE l/i, Sl7, T13S, H20E.

The south3rn border of the glacial drift in Kansas has

beon placed as follows: Prom Wabaunsee trending southeast

almost to Alma, southeast to Douglas, east to Vakaruna, east

by southeast to '/inland, and northeast to Kansas City. This

takes the southern border of tho maximum extent of the ice

through Wabaunseo, Shawnee, Osage, Douglas, Johnson and

Wyandotte counties.

Other positive evidences of the one time presence of

C.lacial ice in Kansas consist of a buried moraine desoribed

by Smyth (10) along; Shunganunga Creek in Shawnee county, and



tho existence of numerous Glacial striae and grooves listed

• (11) as boing located in Broom* -oniphan, Douglas,

Lot'.vonworth, Wwlill. m V'yandotte counties,

existence of glaoial lakes in Kansas has been pointed

o.jt by Smyth who lists the following lakes with scao indication

as to their nwylmiw extent: ; alcaruoo. La', stretched

froa Kichlnn,' tc Auburn with a width of 3/4 of a mile} Mission

Creek La] . exiatod in I abaunseo county with a maximum

extent of 15 miles; Hill Creek L otching from Maple

Hill to Alsia and then south for approximately seven alias} and

K&w Lai: the Kansas

River Valley from Wabaunsee west to Manhattan, up tho Smokey

Hill River as far as sallna, and up the Big Blue River almost

to Blue Rapids.

Todd (12) lia3 indicated, upon rather incomplete evidence,

that anothor lake. Lake Washington, was formed in Washington

county by tho ice shutting off the Big Blue Rivor at Irv'

He uses this laoohanism to explain the distribution of glacial

orratios west of the Little Bl'»e River in Washington county.

In connection with his remarks upon the existence of this

lake, Todd has also stated:

The culmination of Kansas stage did not last very
lo:. - ico was not stationary long enough to form
a moraine, and the till deposited was very thin.

Todd places the thickness of the ice in Northeastern Kan-

sas at between 3,375 and 5,600 feet.

Flint (13) lias covered the maximum extent of the glacial
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ice in Kansas with his recent Glacial nap of North America.

On this map the general boundaries of the ice, as outlined

above, wero adhered to very closely considering the larger

scale required in making a glacial map c. ted states*

Concerning the drift gravels found in Kansas, Schoewe

lias stated that:

The common drift gavels are composed entirely of
nort'rom erratics, and undoubtedly are outwaah de-
posits same of . <re formed while tho glacier was
advancing s rs while it retreated. In m
instances, as east oi' .'.omocu, in "omaha county, theso
gravels repi .\ta deposits laid down in ponded
rivors.

From tho foregoing, it has been indicated that there is

some evidence in Kansas for tic existenoe of soralnos, and

glacial outwaah deposits, with positive proof of the existence

of glacial till. There has also beon given some indication of

reaonce of glacial lake3 formed by the Btoppage of normal

stream drainage by the encroaohment of the loo.

JRIPTIOH OP I ACE

General . Tho region surrounding the terrace lies In

Marshall and Washington counties, principally along the Little

Bluo River on tho south and weat sidoa, and extends from just

to the east of Blue Raplda, where the main part of tho tc.

begins, to a few miles nort! i of Hanover in Washington county,

see Plate III.

The area has reached early maturity in tho fluvial c
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Section Lir.: ml Txtont of aiacio-Fluvial
Dopo- c.rslmll ; Ington count:.
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of erosion, as ev by tho wide flo , and numer-

ous meanders of the strea c aprislnj the ehlef drainage

system of tho region; the roll developed dendritic drslr-

pattorn, accompanied by paired terraces, that Is invariably

in localities which ari nntiroly by sedimentary

r? once t d has arrive stage of naturity.

The largest part of tho area, t ad south of

iltt&a Blue lc capped by the ^Infield Limestone formation

t Chase Group, while tho Odell Shale of the Sumnor Croup

5s tho principal formation at tho surfaoe lylnr close to the

Little Blue on tho west and east. Fartl- we3t, only

a few miles, the chief cap rock of tho area Is the Dakota

Sandstone formation of tho Dakota Group.

The elevation of tho area varies between 1,250 end 1,550

feet to the north and east of the Little Blue, to 1,400 and

1,450 feet to the south and west (14),

Siirfaco Features . The terrace, vrhich lies along the

south and west valley walls of tho Little Bluo, and which In

places comprises tho valley wall, shows the typical swell

and swalo typo of topography oncounterod in othor glaciated

areas. Part of this topography ta undoubtedly due to post-

glacial erosion, sinoe there are numerous Intermittent streams

that flow across the torraco, but for the most part Warn topog-

raphy was determined by the sumnor In which tho sediments of

the terrace were deposited, v.hlch subsequently has tended to

control the local, pout-glacial drainage.



Figures 1 and 2 ahov the Inner faoe, i.e., toward the

stream, of the terrace. Figure 1 is the terrace Just six miles

directly south of Hanover, in Washington county, on the west

valley wall of tho Littlo Blue. Figure 2 is looated at the

extreme northeast comor of the city limits of Blue Rapids,

In Marshall county. The terraoe here has beon modified some-

what by tho building of a road along its base, but this has

also served to help show tho relative height of the terraoe

above the floodplain of the Big Blue River.

Figure 3 is a oross seotion of the terrace takon in the

Washington oounty gravel pits one mile west and one-half mile

30uth of Hanovor. The soil, and tho till at the top of the

stratified sand and gravel, are nicely shown, although the

pebbles and boulders which are found elsewhere in tho till are

not evident in tho figure.

Figure 4 Is a typical section of the cress—bedding found

in the stratified sand and gravel of tho terrace. Here, the

torrential bedding of the deposit is plainly evident near the

center of the photograph and is best shown by the coarser

material of the section, while directly abovo and below Is

shown the horizontal bedding quite frequently found in the

finer sands.

The alignment of the largor, elongated pebbles in the

stratified gravels is in a north-south direction in the terrace

on the south side of the river. On the west aide of the river,

in the Washington county Gravel pits, the pebblos are alignod

in an east-west direction. This indicates, aa does the



IAHATION OF PI»\TE IV

PiC. 1. Glaeio-Fluvial Terrace Six Miles South of Hanover,
SJashincton oounty; 9* l/l, HE l/4, S6, T3S, RSE.

Fie* 2. Clacio-Pluvial Terrace at Blue Rapids, Marshall
oountyj HR 1/4, STJ 1/4, 320, T4S, R7E.
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EXPLANATION Of PLATE V

Fin. 3. CrosS Section of t.-.a Glacio-Fluvial Terrace
South aii 'oat of Hanover, Washington
county, Of 1/4. HE 1/4, 3lS, T2S, R5E.

. 4. Croaa Section of tho Glacio-Fluvial Terrace
Showlnc Croaa-Beddlne, Blue Rapids Gravel
Pit, Marshall county. HE l/i, 3W l/4, S19,
T4S, R7E.
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torrential croaa-bodding 30on at both localities, that the di-

rection of stream flow was fron north to south on the southern

margin of the ice, and ea3t to west on the western margin.

In tho gravel pit at Blue Rapids, Fig* 4, the cross-

bedding seen was all finely developed. Within a vertical

distance of six inches as many as 69 different layers were

counted. This fine bedding represented dark colored heavy min-

eral concentrations, chiefly of magnetite and hornblende, with

t: o lighter colored minerals comprising the intervening bods.

At another location. In the same pit at Blue Rapids, four

torrontially bedded layers were observed within a vertical

distance of four feet. Those bods were inclined at on angle

of approximately 30 to 40 degrees with tho horizontal, with

horizontal layers of from one to two inches in thickness

separating the torrontially bedded layers.

Figure 5 was taken one mile east of Irving in Marshall

county along the east side of the Big Blue looking south from

way K-llo. This terrace consisted only of undifferentiated

drift in the form of a terrace roranant, and was included only

for the purpose of showing hour the sands and gravels of the

main torraco pinched out to the south of the junction of tho

Big and Little Blue Rivers.

Figure 6 shows the working of the terrace at the Blue

Rapids gravel pit for the purpose of obtaining aggregate. The

discussion of the economic aspects of the deposit is deferred

to a later portion of the report.



EXPLATfATIOII OF PLATj: VI

Pig. 5. Tarraoo ono Kilo east of Irving, Marshall
county.

Fig, 6. Mining Operations at Blue Rapids Gravel Pit,
Marshall county, SB 1/4, NIV l/4, S50, T4S,
R7i:.





Figure 7 was taken approximately two railea south of

Hanovor alone t!ie west side of the Littlo Blue, This photo-

graph shows tho unconformable contact of the deposit with the

Odell nhale in that locality. Horo tho otratifled 3and and

gravel, including tlie till at the top of the deposit, is

approximately 35 to 45 feet thick. At the extreme right hand

side of tho photograph, although it la not too readily appar-

ent, there ia a minor fault in tho Odell Shale. This fault,

with a fflBTltttum displacement of only six inches to one foot, ia

not apparent in the overlying sand and gravel.

Two measured sections of tho till and stratified sand and

gravel of the terraco are shown by Plg3. and 9 an being

typical of the dopoalt in general. Aa presented by Pig, ,

the sequenoe of beds from finely cross bedded sand at

bottom, coarse gravel, silty day, fine silt, gray clay,

pebbly till and till at to top leaves littlo doubt but (

the sediments were of glacio-fluvlal origin. Whether or not

the sediments were actually deposited in ponded water is, of

course, a matter of conjecture. That the deposit was not of

deltaic origin was evidenced by tho absence of the typical

topset, foresot and bottomset beds. On tho other hand the

sediments at this locality are quite suitably located being

at tho junotion of the Big and Little Blue Rivers, with the

hills to tho south as shown in rig, 6, to have been laid down

in sta-.dlng water.

Tho author prefers to classify thia part of the terrace.
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io-Fluvial Terrace two ''." th of
Hanover, Washington county, SI 1/4,

1/4, 319, 188, R5E.





EXPUNA.TIOK ( VIII

Pig. 8. Cros3 action of tlio Karae Terrace at Blue
napitis, Karahall county, SS 1/4, Hi l/4,
S50, T-

Pig, 9. Cross .'ectlon of the Glacial Outwaah Torraco,
Hanover, uasliineton coiaity, :;;•; 1/4, 13: 1?4,
S10, T2S, R5K.
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from 3luo Rapids west to just beyond V.'atorvillo, as a karae

terrace. The structure of tl e uedinonte, and the locality

are quite typical of described kamo terraces. With respect

to karoe terraces, or lams, Chamborlin (15) haa written '.

fojlowin, :

Karnes aro abundant lr> connection vltl rap-
idly descending valleys, belnc especially abundant
where they are Joined by tributaries, or where they
make a sharp turn in opon portions of their valley.....
In such instances, thoy aro usually assoclatoJ with
gravel terraces and plains. •...Precisely similar ac-
cumulations aro very common associates, if not
stituent:; of toralnal moral

The abovo quotation lends same plausibility to the classi-

fication of this section of the terrace as a kamo terrace. The

valleys of tho two rivers are deep enouch, the river wakes a

sharp t'.irn in tho opon portion of its valley at Blue Rapids,

and the deposit is associated with, and comprises part of a

sand and gravel terrace.

Brown (16), In his description of tho kernes and kane

terraces of Central Massachusetts, has stated that:

The upper 6 feet is composed of horizontally bedded
coarse gravel with numerous pebbles ud oobblontcnos 4
to 6 Indies or more in diameter, all well rounded and
fro nearly all of granite. Beneath this ooarso
gravel is at least 20 feet of intricately cross bedded
sands and fine gravels. Kany of tho bods are lon3-

od; others dip at variable angles and in various
directions. These dipping beds are frequently truncated
and covered by others that are practioally horizontal.
Aside from the top bed o*" coarse gravel* no bod or series
of beds shows any consistent or persistent dip in any
direction for aire than a few feet.

He later says:

There is no dominant direction of dip as in tho
foreset beds of a delta} the bedding may better be
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cong>«red with that characteristic i ch
has bean graphically described as "tumultously"
bedded.

Ih the exception of the till and clay which caps the

kame terrace at Blue Rapids, and which was absent in the de-

posits described by Brown, the above description could be used,

without variation, to describe t ion of the terrace

shown in Fig. 8.

Further evidence that tho terrace was probably doposited

in ponded water is add«d by the presence of the clay toward the

top of tho section. The two clay beds, shown diagraranatically

in Fig, a, or la forn, and cover an areal extent

of approximately 1,000 square feet as closely as coulc be as-

certained. Brown has coverovi this phase of deposition of l:aaes

by showing that deposition could occur in a amall bay in a

mass of temporarily started ice. Further requisites boing

the presence of higher hills a short distance from the ioe

front with a narrow, marginal lake lying betv

In general, tho ronalnder of tho terrace from V.atervillo

to Hanover, corresponds to the section shown in Fig. 9. At

this particular locality, there are no higher hills to the

west of the deposit which, could have oaught tho sediments

boing washed out of the ice front. Instead, there seems to be

no definite outer boundary to the deposit, as has bean Indi-

cated on Plate III. Tho inner face of the terrace, see

1, is Just as marked as that which is seon in the vicinity

of Blue Rapids where the deposit has been referred to a karae
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terrace and follows tl^e cour:: Little Bins almost

without variation.

This section of the deposit, from Waterrllla to Hanover,

is referred to a glacial outwash terrace. Again the work of

jrlin (17) and Hay (10) nay be referred to. Hay has

recognized that morainlc deposits were probably in existence

in 'Washington county, and Charaberlin has stated that kame3 are

quite usually associated with gravel terraces and plains.

The cross-bedding that is indicated in the lower part of

the section, Fig. 9, i3 primarily of the torrential type, with

t a inclinatioa of Uu beds aod the alignment of Vre pebbles

indicating that the chief direction of stream, flow was approx-

imately from east to west, cr perhaps from northeast to south-

west.

The topography of this section of the terrace displays

some swell and swale characteristics. Here too some of the

profile i3 caused by the post-Glacial drainage which has de-

veloped across the terrace, but in the main it is the manner in

which the terrace was deposited that controls the draina .

This situation is, of course, quite local and applies only to

the terrace and not to the surrounding area.

The till at the top of the terrace along its entire ex-

tent may be explained by the fact that the ice again became

reactivated, after temporary stagnation, and over-rode the

outwash gravel which was probably sufficiently frozen to pre-

vent its eradication. Brown (19) has again lent plausibility
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to such an explanation In hi ' oonsln

lea movements In Massachusetts in whic* he stated that I

outwash sand3 Eiay hf.ve boon froze: t the Ice rode ovor

t o teposlt loav'.:- Ml on t

It is suggested that the entire tor:- .ly have

been deposited frcia advancing ioe ^ily

stagnated with later movements occurring In which the ice over-

rode 'intents alroady depo;. "ig presence of the till

at tho top or the outwashed sand- -•.vols seems to pre-

clado any other explanation,

Vo the section of tin terrace

lying in Washington county that ', Mats wore deporjitod

in ponded wator. In all of t s seotiotw examined there no^e

no foroset, or topaet beds in evider.co, nor -..era there &rj clay

lon3oa, or other clay deposits of any sort present. The entire

deposit along the wester.; side of tho Little Blue consistod

only of outwash Mod vol at tho bottom with a capping of

till at fc''o top. I" facial lakj existed in Washington

county during the ti:ae of deposition of tho terra'

oertalnly have boan farther to tho wost, however, tho possi-

bility is not excluded that there could have boon a narrow,

shallow, virginal lake close along tho front of the ioe in

which the sedlriants composing the terrace could have boo:

posited without leav'n- rtuoh trace of their shallow lacustrine

origin.
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Til: "=001 op •• \CE

Tho number of paper:; in existence on the mineralogy of

the glacial deposits of Kansas is very snail considering that

lacial character of the surface deposits of Northeastern

Kansas has been known for a considerable length of time,

A clue to the minerals whioh might be found in any of the

glacial sediments of Kansas nay bo obtained froa an examina-

tion of tho rocks which are to be found in such deposits,

3ohoev;e (20) lists the following rocks as occurring in the

drift materials t I ;te:

Quartsites Iranito

a

rts i bearing rocks
ilts
Ists Local limestone, s andstono and shale

In addition to the above the author has noted considerable

petrified wood in the torrace under consideration. One piece,

largest found, measured approximately one foot lone by

six inches wide by four inches thick.

Earned (21) has presented actual mineral counts in his

study of tho mantle rocks of the Manhattan area. The average

counts for tho glacial sedliaents treated by hiza are presented

as follows!
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Augite a :~iopai<ie 1.0
Basaltic Hornbli>nde 2.0
oiotito .

Chlorite 5.7
7ota

Garnet 4.5
ibIondo 10.6

Kyanite 1.0
Itagnotite
Stuscovlte 0.0
Othar Coaoues .

nutlle 0.3
ito 1.0

Titanlte t 1.5
> 1.0

To'unaallne 1.8
Zircon 7.C

ny
loclase

62.0

The ohlof purpose of making tho mlnoral analyais of the

terrace was In order that it might be oorapai-ed with that of

a till deposit located in Pottawatomie oounty, see Tai >le 1,

which is believed to be older, possibly of the Webraakan

glaoial atago. Differences betweon the two deposits would aid

in Identifying the age of the terrace with that of the Knnaan

glacial stage.

The older deposit Is 3hoY.Ti In cross section on Plate

VIII-A. It Ilea exposed at tho bottow of a creek, and con-

sists of a buried moraine of till and large lloeatone boulders

interaperaed with a few smaller quartsite boulders.

Piold evidences for believing the deposit In Pottawatomie

oounty to be ol ' older age than tho terrace lie In tho f::ct that



the till 13 associated with a boulder moraine consisting

primarily of limestone rocks) the deposit is partially cov-

ered by a till which appears to be of later origin; and the

deposit 13 locnted well toward the southern extremity of the

Kansas glaciated area.

The differences between the two deposits discovered by a

mineralogioal analysis of each consist of the following: (a)

All of the mineral grains from the Pottawatomie till examined,

particularly tie hornblende, presented a much higher degree

of weathering and rounding; (b) zircon was not as abundant in

the Pottawatomie till as it was in the terrace deposit. In

addition to not being as abundant, the zircon was of a differ-

ent species being a decided pink in color, exhibiting marked

pleocrrism, and in 3omo instances showing more rounding. The

zircon of the terrace deposit was light brown to mauve in

color and did not show pleochrism to any extent; (c) reference

to Tables 2 and 3 shows that chlorite was more abundant in the

Pottawatomie till than it was in the terrace; (d) the amount

of muscovite in the till of the terrace is apparently less

than that of the Pottawatomie till; (e) tourmaline was not

discovered in the till at the top of the terrace deposit,

but was found to be fairly abundant in the Pottawatomie till;

(f ) plagioclase is apparently more abundant in the terrace

till than in the Pottawatomie till.

No differences were discovered in the clay minerals of

the terrace and the Pottawatomie till.
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Table 1. Location of samples.

t
-

: Date L 101
" on 1

1 8A0/46 ,S-19,T45,R7E Marshall Co. :

North side US-77, Gravol pit
Glacial till

2 8A0/46 do Cross-bedded gravel
(see Pig. 8)

5 aAo/46 do Gray clay lens
(see Fig. 8)

4 2/10/46 '. 1/4,3-17, ?' rshall Co.
2.6 »i. BV Barysville on Big Blue

Cross-beddod gravol

5 2/10/45 MM a - 1 Clay geodes and
vein fillings

6 ::Ao/46 BW1/4.S-30,T43,R7E Harshall Co. Gray silt clay

7 sAc/46 :n.l/4,S-lG,T4S,R6E Marshall Co. Glacial till

8 2/16/46 -;S,T35,R5i:,v;aahington Co. Cross-bedded sand

9 2/16/46 ,j -17,T3S,R5E,Yt'ashington Co. do

10 do do do

11 f§ scjao as #6 do

12 do MM :-t .'0 Clay bouldor

12-A do NEl/4, ;;oo-18,T3S,R5E,Y/aaMngton Co . do

13 2/25/46 2.5 nl. II. Cloburne E.side H-13
Riley Co.

Glacial till

u do do Clay geodos and
vein fillings

15 do do Cross-bedded sand

16 do ana as #1 Very fine sand
wall sorted

17

1-A
thru
6-A

3/9/46 2 mi. 3. Glaburoo 1/4 ni. B« K-13
south aide road out. Riloy Co.

Fine sand

5/3/46 1/4, TIEl/4, S10.T10S,R8E
Pottawatomie Co.

Glacial till, clay
and stratified sand



EXPLANATION OP PLAT.'. VIII-A

Croas auction of a till deposit in Pottawatceuo
County, oaat of Manhattan. '.~l/4, 3V;l/4, N
S10, *i(
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A comparison between the older till at the Pottawatomie

county location and the apparently younger till which covers

it show that (a) the zircon of the younger till is of the

same species as that found in the terrace till of Marshall

and Washington counties, and does not exhibit the color and

pleochrism of the zircon found in the older till; (b) no

plagioclase was found In the buried till, while a trace was

found in the overlying till, and an abundance was found in the

overlying sand, sample 6-A} (c) the rounding and weathering of

the mineral particles in the older till was not readily appar-

ent in the minerals of the overlying till. These are the only

mineralogical differences between the two tills of the Potta-

watomie county location that correspond to t : e differences

between the till of the terrace sediments and the till of

Pottawatomie county. It is believed, however, that the dif-

ferences are adequate to give an indication of a difference

in time of origin between the burled till and the overlying

till in Pottawatomie county.

The minerals found in the overlying sand in Pottawatomie

county, and those found in the sands of the terrace corres-

pond fairly well, and showed no apparent differences in the

degree of rounding and weathering.

The mineral analysis of the younger till presented in

Table 3 compares favorably, in some instances, with the average

mineral analysis of glacial sediments taken from Harned, The

differences existing between the two analyses may bo attrlbu-
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ted to variations in sampling, the number of sarsploo taken,

and tho fact that the data taken from Homed Is an average

while that presented In Table 3 is not.

Tho foregoing seems to indicate t at tl ore is soma dif-

ference in ago between some of the till* or glacial drift,

that borders on the Kansas River, and those which lie farther

to tJ.o north along the Big and Little Blue Rivera. If the

coapared deposit to the south is older, probably Kebraskan,

there is no altornative but to refer the younger glacial de-

posit:: feci t: o north to the Kansan glacial stage,

MECHANICAL ANALYSIS OF THE TERRACE

A mechanical analysis of tho "spot" samples taken from

ths tarraco was undertaken in order to show as conveniently

as possible the size distribution of tho sands and gravels

which form the major portion of tho terrace.

In order to present this data in its most easily assiia-

ulated form, the histogram has been resorted to as offering

greatest universal appeal and clarity (22),

Figure a 10 and 16 represent tho frequency distribution of

the various sizes of material found in tho till which lias at

tho surface of tho terrace. Figure 10 represents the till

found at tho gravel pits Just to the west of Blue Rapids, and

Fig. 16 the till located a few miles weet of V/atervillo.

'the histograms show a decided tendency In both instances
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toward two ir.odal claaae3 (l/32 mm. an"; 1/4 mm. sises). In

the till represented by Pig, 16 It la evident that there la

roator variation in else of tho material than there is in the

till represented by Pig* 10, but that there la leas variation

in the frequency distribution of tho various siaon, repre.sen

Both histogram, however, are typical of glacial till.

One othor histogram of glacial till was selected for pur-

poses of comparison, Pig. 23. Thla represents the till of the

terraco roranant located south of Cleburne in Ulloy county

along highway K-13. The histogram ahows two definite modal

classo3, one varying on either side of the 1/64 ram. size,

and tho o<-Jier in the clay fraction of the material. Here

again the hintogram ohowa the typical poor aorting found in

glacial till. .

Of tho throo tills considered, the one at Viatorville,

and the one at Blue Rapids preaent a very great almilarity,

while the one found farther to the south shows a difference

in that the greatest frequency distribution tends to be toward

the finor alee of matorials. An explanation for tbi3 saay be

found In the suggestion that the ice probably had deposited

the largest portion of its coaraa material whllo it was atag-

nated to the north of the Little Blue.

Figure 11 shows the frequency distribution of the coarse

sand presented in the eootion, Fig, 0, Approximately all of

the sand is concentrated between the 1 mm. and the 1/8 am.

sizes wit': a fairly definite modal class in the 1 mm. size.



EXPLANATION OF PLATE IX

Pig. 10. Histogram of Saapla lumbar 1.

Fig. 11. Histogram of Sample Rumber 2.
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PLATE IX
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Fig. 11
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It is Interesting to compare this with the histogram of Fig. IS

which represents similar coarse sand talcen fron a torrace

remnant lying approximately 18 miles to the north near Uarya-

ville along tho eastern side of the Big Blue valley. Figure

13 shows an even greater concentration of material between the

1 am* and the 1/4 ma. sizes indicating that tho material far-

ther to tho north is somewhat coarser.

Of the histograms so far discussed there seems tc be

shown a definite trend of coarser to finer material proceeding

from north to south tlirough the area affected by tho glacial

ice.

Figure 15 represents the gray, silt-clay of Fig,

Indicated, this natorial should rather be termed a slightly

clayey silt, but there was just enough of the clay frc.etion

present In tho bed to make exact field classification dif-

ficult. As shown, tho major portion of the sediment in this

particular bed is concentrated In tho l/32 tarn, size malcl

only one modal class and rendering tho classification of the

b«d as a olayey-sllt correct.

Figure 12 represents the gray clay lens indicated In the

cross sootlon of Fig. 8. Enough of the clay size material is

present to make the classification of tho material as a clay

correct, but there is a dooided amount of larger sized pcrtl-

oles present causing tho clay to bo quite oilty In texture.

Figure 26 represents the finely cross-bedded sand shown

In Fig. 8. There is but one modal class depleted with nearly



all of the material bo in;; concentrate; in tie l/8 FS3. and

the 1/16 mm, sizes.

It is Indicated from the histograms and discussion pre-

sented above that the glacial lee moat have been stagnated in

the vicinity of Slue Rapida for a considerable period of tine

while the sediments represented by Fig, 3 were deposited. After

this temporary stagnation a lobe of the ice apparently moved

down the valley of the Big Blue depositing on its margin anoth-

er terrace, a romnant of which is still to be seen at Cleburne.

Figures 17 and 18 represent aariplos takon from top to

bottom at exposures of insufficient thickness to allow selec-

tive sampling of t' o different beds. The two samples include

the till at the top and extend on down into the stratified

gravel beneath.

In this instance Pig, 17 shows a concentration in tho 2 am*

to 1/4 ram., the I/32 an. to l/64 mm., and In the clay fraction

sisea, whilo Fig. 10 shows a concentration in the l/* &&* to

l/a s«2«i the 1/64 mm. to 1/12G mm., and in the clay fraction

0iZO3.

In these two cases, Fig, 10 represents a sample taken

approximately threo miles to tho north and weat of that shown

in Fig. 17. Some difference in coarseness of suctorial is pre-

sented, with the sample taken to the north being slightly the

coarser even though tho two ssnples boar approximately the sea*

relation in distance from the ice front whloh evidently trended

to the north and west between the two sampling locations.



EXIMHATKW

. Histc li number 3.

Fie* 13« Histogriaa of Sample Humbor 4.
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>'/4 '/a '//6'/3Z'/6f'//zs'/zx,'/57z'//a*i"/,K+

siza in mm.

Fig. 12



Pie. 14. Histogram of Sample Number 5.

Fig. 15. Histogram of Sample Number 6.
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PLATE XI

:

>'//6 '/X '/M'/Wfat'/SJZ ji»W

li

Fig. 14

> i '/X. '/4 '/8 '//b'/SL '/t4-'MeVX*%T*'/mt&a*

size In una.

Fie. is
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Fig. 1G. lUste .- cmplo Ihxnber 7.

le Wunbar 8.
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ELATE XII

>Z 1 '/& it- '/a 'fa '/W/it'/i&'&u'/stt'AatftvH

sizain mm.

Fig. 16

|

:)
I
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>Z
* « ft 5* iS '/# '/<# #« fe« #» Vmf'/m*

siza in mm.

Fig. 17



EX: III

Pig. 10. Hlstocraa of Saaplo Kuaber 0.

. 13. Histocran of Sample Hurabei' 1C.
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PLATS XIII
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Pif« 20. Histogram of Sample Number 11,

Pig, 21. Hi tonr m of Sample Number 13,
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PLATE XIV

>Z i '/z '/* '/e ?*"//6

:_4ls».iri naa,
|

Fig. 20

1
§?

> X 1 '/Z '/4 '/S '//t> 'fa 'M //2B '/ZSIC '/S7b7/OU %Z4

size in nm.

Fi*. 21



^JTE XV

. 23. Histogram of Ser.pl« Mumber
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PLATE XV

Z. 1 '/%'/* fs '//* '/x 'M '/ag'&su'Au '//o&%2*

size in ma.

Fig. 22 .

>L '/Z U /8 '/M '/U 'M 'MB fast. '/S7Z fiall'/m

. .LslMUJil ["""J

Fig. 23



L-ATE XVI

;3ber 14.

T*b«r 15.
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Fig. 26. Histogram of Sample Number 16.

. 87« HJ.otosran of : labor 17.
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Figures 19 and SO represent the outwash sands taken at

the locations shown in Table 1 in V7ashington county. Thore is

not much difference in frequency distribution betwoon these

two samples except in tie 1 am* sizes where Fig* 20 shows the

greatest concentration. The histogram shown as Fie. 25 may

be compared favorably with the preceding two. Here a sand,

bearing the same strati;;raphic relationship, that is, lying

directly under the till, was collected. TbJ.3 was taken at

the location 3hown in Table 1 near Cleburne. The histogram

shows a distinot modal class in the 1/4 mm. size with fairly

evon distribution in the larger and smaller sizes to either

side. Again tho sediments to the south of the glaciated area

present a slight tendency toward creater fineness of matorial.

Figure 27, taken on the same terrace remnant as the

sample shown by I resents the same nodal class in the

i/' --.. else,

A discussion of the histograms, Figs. 14, 21, 22, and 24,

which represent clay materials, is givon under the following

section on day mineral analysis.

CLAY MINERAL ANALYSIS OP tffl TERRACE

In order to complete the mineral analysis of the deposit,

and to investigate the possibility that the typo of day min-

eral present in the terrace might have some relationship to

the age of the deposit, tho clays present were identified and



compared with those found in the older till represented in

this report by riaito VIII- .

As explained in the discussion under "Methods" of this

report, there were throe different aeons applied in the Iden-

tification of the clay minerals of the terracs. These tsere

thermal dehydration, thormel analysis, and determination of

t: o optical properties of the clays concemod.

7x\ Pigs. M| 29, and SO, the thermal dehydration curves

presented were made from samples number 5 and 4-A rospoetiTe-

ly with the typical Illlte curve of Hutting (25) Inserted as

Fig, 30 for means of comparison. The two curves of Figs. 28

and 29 correspond almost exactly with that of Fig, 30. Using

this method of Identification alone leaves but little doubt

that the two clays are illltes.

The above is further corroborated by the thermal analysis

curves of Figs. 31 and 32. These are compared in turn with the

thermal analysis curve for Illite of Berkelhamer (24). The

endothemio peaks at 140 to 155 degrees correspond favorably as

to tho peaks at 600 degroe3. The endothermic peak at 900 de-

grees shoen by Berkelhamer was not obtained, but a trace of

the exothermio peak which he obtained at approximately 950 de-

grees was obtained at the lower teaperature of 900 degrees.

The reason for not obtaining the exothermic peak at 900 degrees

is not known, but may be attributed to a lack of sensitivity

in the galvanometer circuit of the recorder.

As seen by comparing Figs. 20 and 29, as well as Figs. 31
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Pig. 28. Thermal dehydration graph of Sample Number

Pig. 29. Thermal dehydration graph of Sample Number 4A.

. 30. Thermal dehydration graph for Illite (Hutting).

Pig. 31. Thermal analysis graph for Sample Number 5.

Pig. 32. Thermal analysis graph for Sample Number 4A.

Pig. 33. Thermal analysis graph for Illite (Berkelhamer).
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and 32, the clays of the older till of Pottaws-tomlo county and

those of the torraoe are I entioal. All clays encountered wore

tested in a similar Banner, and all ga.o almost identical re-

sults.

The optical properties of the clays may be summed up as

follows

:

Biaxial (-)
SV small
n . to 1.57

While the optical properties of a clay are not o.r t! .em-

selves conclusive for purposes of identification, the above

refractive index appears to check fairly well with that (;iven

by Ross (25) for Bravaisite, which is synononous with Illito.

In thi3 ease, Ross lists the mean index for Bravaisite a: 1.55.

. ce between the two aay be attributed to a

lightly different content of iron, or water. It was noted

while taking the refractive indices various clay sam-

ples, that those clays with an apparent higher iron content

also had a slightly higher refractive index.

In many of the clay samples studied under the petrofraphlc

microscope, there appeared snail inclusions. These may have

been minute particlos of quartz, or sodium silicate carried

over from the dispersion process. Time did not permit further

investigation of these particlos, but if they were quartz, or

any other mineral an explanation of their presence in material

that had been sedimented for approximately 40 hours would be

interesting.
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Clay Go ode 3 ami Vein Fillings. Plates XIX and XX Illus-

trate one manner of occurrence for the clay stiBplos taken from

the ka»o terraoo at- id?. Concentrations of the 1111to

oceurred In cavities and veins In the horizon Indicated

Plate VIII-A. it was also noted that tho clay had ni-;ra';ed to

form around rootlets In the layer as woll.

Allen (26) has shown that thi3 is not an ununual occur-

rence for th.s cluy minerals rsontiaorillonito, ncatronlto,

kaolinite, halloyslto, dicklte, gibbsite, and diaspora. He

has stated in part t

Migration of these minerals takes place rarely by
transfer of their constituents as true solutions but
generally as colloidal suspensions whose fornatlon ind
movement are favored by conditions of ;-ooc drainage
and tho presence of dispersing agents.

In accordance with the discussion presented in the pre-

ceding paragraphs, tho mineral "Illite", or Bravaisite, say

be added to the clay3 which form secondary clay deposits

as i-eodeo and vein fillings by mean a of migration slb colloids

after deposition.

It will be noted that tho geodos shown on Plate XIX are

not complete. Only the bottom part of the geodes could b«

collected since t" a clay lining arov. :idea and upper

portions of tho cavities from which the samples were taken

was too fragile to be removed intact.

£ f o Clay TM^oral , Illite . Figures 14, 21,

22, and 24 represent the size frequency distribution of the

day samples taken. Piguro 14 Is the clay pictured in the form



Clay Geodoa (Illlte) from the Blue Ilapids
11 county. ?./4,

1/4, J3C, . , ;7L.
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KXK. .'LATE XX

! vein filling (illita) free ths Blue
Rapids gravel pit, aJarahall eou
SE 1/4, NW 1/4, SSO, T4Z, I
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of geodes, and vein fillings. Thia aat3rial is nearly .

concentrated in the lesa than 1/1024 mm. size. The apparent

abnormal concentration in the greater than 1/15 am. s.'.se is

due almost entirely to t:>o preae-co of clay crystals vhlch

could not be dispersed, end which were oaught upon tho 2!0

mesh screen ae the eample was beinr; sired.

Figures 21 and 22 represent two clay boulier: , a* o?.ay

balls, taken at the lo ationa r.hov.ii ir. T able 1. In both in-

stances two modal classes are shown, one culminating In the l/64

ma. also Sad Lb the clay <*rnction. T1
'.ed with

the mineral analysis of the two clay balls indicates that they

represent merely clay concentrations in thw outwash gravol3

and were not boulders that becar.o weathered to clay efte-* de-

position in the sands •.-vela of the torraco.

j?e 24 shows tho alee distribution of an Illite lanple

D from tho terrace rsrjtant at Cleburne. Here again the

concentration in the greator than l/l6 mm. also waa due to

difficulties met with in obtaining a complete dispersion of

clay crystals, the remainder of the material bolnT ccnce -

trated in tho clay fraction.

ACE

Figure 6 shows one of t o larger of tho gravel pits of

tho terrace boinc mined. This shows the moat elaborate sand

quarrying equipment in operation on tV 3 terrace at any place
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along its entire length. In this instance, the send 13 washed

and graded making it suitable for use in concrete, plaster,

raortar and road aggregate.

At the tirao tlie research was being conducted for this

report, there were four sand pits being quarried in order to

obtain aggregate for the above purposes. The pit to the north

aide of US highway 77 was not being operated even though its

supply of aggregate was by no means exhausted, see Plate III.

In addition to the pits being operated for commercial

purposes many small pits were being intermittently quarried by

'>2al farmers for domestic purposes. These boinr of cur-

ro it economic importance only to tbo farmers upon whose land

t' 5 pits exist*

As a future source of aggregate of high quality, the de-

posit;! of the terrace are tc all practic ;.ie3 inexhaust-

ible. Sand and gravel is present under the thin till capping,

long the ontiro lengt' of the terrace. In plccoc the sands

an an thick as 55 foot, ohila at other locations an apparent

thickness of 20 feet only 13 attained.

The olay found in tho terrace is of no economic importance

si ico it La rot of t'.e type required for coanerclal purposes,

and does net exist in deposits extensive enough to warrant min-

ing in caso any cceiaereial use were discovered.
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ADDITIONS OF T;'

As nearly as could be ascertained fros a close perusal

of the literature cm the subject of Kansas chelation, this Is

flr:it atterapt to describe ono of tl a glaclo-fluvlal

terraces )aior>n to exist In tho northeastern part of the State*

M far as Is knorn by the author, none of the glacial

deposits that have been described In this region have been de-

fired as kauw terraces, while thoro has been some hint clven

In a few artlolos on the subject, that outwash deposits, some

of which are in the forn of terraces, are known to be in ex-

istence alonn some of the streams of the area.

There was no reference In tho literature consulted to

ccurrenco of t- 1 Illlte in tho form of

gecdes ar.il vein fillings. ascription of t! o occurronce

of Illlto ir telal sediment.-: of Kansas ' wed to

be new,

Tho classification and description of the burled noraine

In Pott&wctosi'.c aoaaty has not been previously dons, and

ahcull a Jmowlod^e pertaining to the occurrence of

possible "Kebraskan" glacial sediments In Kansas.
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There is a glaeio-fluvial terrace alone t?:o southern

and woatarn margins of the Little Blue Rlvor valley. A part

of this terrace, along the western aide of the river whore It

flows to the aouth in Washington oounty, haa been classified

aa a glacial outwash terrace, while the remainder of the

deposit, between the towns of V'aterville and Bluo Rapids fron

west to east, and between the Idttle Blue to the north and

hills t; th, has boon referred to aa a kame terrace.

I mineral content, aechanloal analysis, and geologic

relationship of the deposit to the surrounding area have been

presented ar.d discussed, and have beon used to show that there

is aaao reason to believe the sediments of tho terrace wore

deposited during the Kanaan stage of glaciatlon, while aoae of

-lacial deposit-, fartbor to the rruth along tho Kw.aaa Hiver

am older, and should probably bo referred to tho Nebraakan

;;lieiil



The author is deeply Indebted to Professor A« B. Sperry

for sue Vbm problem presented a3 a subject for geo-

I research, and for the continuous help and ldndly crit-

icisms so unstintlngly offered. Grateful appreciation Is

also axprossed for the suggestions and criticisms offered by

Doctor Prank Byrne, Doctor J. n. Chellkowsky, and Mr, I'.al

Esrnc t vd.'.o.jo gaidaneo parts of the material presented

here would have beon lacI- . -intent. Appreciation Is also

ossed to the porsonnol of the Agricultural Conservation

Association offices of Marshall and Washington counties for

tie U30 of their aerial photographs.



LIST

(1) Bouyoucos, Gecree John
Comparison of the hydrometer method and tho pi-
potto nothcd fcr makin; nochanioal analysis of
soils, with new direction.;. Am. Soc. Agron.,
Jour. 22l 747-51. 1930.

(2) Jfuttint;, ?. .

Some standard thermal dehydration ourves of
minerals. . rof. Paper 197-K, 1943,

(3) Speil, Sidney, Berkelharaer, Lo^-in B*> Pask, Joseph H.
and Davies, Ben. Differential thomal analysis,
its application to ol other aluminous
minerals. Bu. Kin. Tech. Faper 664, 1945.

(4) Karaites, F. T.
Outline of glacial geolor-y, rev. ed. 119 p. 1941.

(5) Hay, Robert,
Some characteristics of the glaoiatad area of
Kortheastern Kansas. Kans. Acad. r.ci., Trr .

13: 104-06, 1391-02.

(6) Todd, J. .

Tho noraines of Kansas. Sol. n.s. 37: 457.
no. 951.

(7) Schoewe, . . .

Evidences for tho relocation of the west drift
borders in Eastern Kansas. Kans. Acau. ..ci.,
Trans. 42: 367, 1939.

( ) Sehoews, VT. H.
Drift in bUHi (Abstracts). . . A. Bui. 40:
125-6, no. 1, 1929.

O) nehoewe, v.. H«
Additional evidences of an ico invasion south of
tho Kansas River in Eastern Kansas. Kans. Aoad.

., ,rans. 31: 109-11, 1080*

(10) Smyth, B. B.
The buried moraine of tho Shunganunga. Kans. Acad,
ci., Irons. 10: 95-104, 1095-'.- .



83

(11) sehoowo, v. II.

Glacial striae and grooves in Kansas. Ivans*

Aoad. 3oi., Trans. 34: 145-47, 1931.

(12) Todd, J. .

Kansas during the ioe age. Kans. Acad. c_.,
Trans. 28: 33-48, 1917.

(13) Flint, Richard Poster.
oial imp of lortfc Awerica. . .

.

oo.
Paper no. 60, pts. 1 and 2, 1945.

(14) Schoewe, v.. II.

Glacial geology of Kansas. Pan. An. Geol., 40:

102-10, no. 2, 1925.

(15) Chaitiberlin, T. C.
Preliminary paper on tho toiiainal noraino oi

second glacial epoch. Lxtract of tho 3rd annual
report o director . . . . 1 T- .'

, .
01-

402, 1883.

(16) Brown, T. C.
;o3 and lease terraces of Central Massachusetts.

C. S. A. Bui. 42: 467-79, 1931.

(17) Chamberlln, T. C.

(18) Hay, Eobort.
Ibid.

(19) Brown, T. C.
Lato Wisconsin ice movements in "assachusot, .

Abu Jour. Sci. 23: 462-68, 5th ser., 1932.

(20) Sehoewc
ft in Kn "^tracts) G. . ... ul. 40:
-0, no. 1, 1929.

(21) Ilarned, C. H.
anical analysis of the r.an-

tle rock in tho Manhattan area. Unpublished t esis.
ICans. State Col. of Agr. :'l. "ci. 119 p.
1940.

(22) Krumbein, ' . C. and Pettijdhn, F. J.
.1 . 549 p. 1238.



(23) Hutting, P. 0.
Ibid.

(24) Berkelhaaer, Louis II.

An - for differential thermal analysis.
Bu. Kin. Tech. Paper 664, 30-65, 1946.

Rosa, Clarenoe .

T!inoral -\oral relationships of t'o clay
rala. Jciir. ku% cor. .,oc, 2«: 173-US, (V), July

1945.

(26) Allan. Victor T.
Effeot of migration of clay Minerals and hydrous
alunlnua oxides on the corrolexity of clays.
Jour. Aa. Cer. Soc, 28(10)8 266-75, Oct. 19 .



(23) Hutting, P. 0.
Ibid.

(24) Berkelhaaer, Louis II.

An - for differential thermal analysis.
Bu. Kin. Tech. Paper 664, 30-65, 1946.

Rosa, Clarenoe .

T!inoral -\oral relationships of t'o clay
rala. Jciir. ku% cor. .,oc, 2«: 173-US, (V), July

1945.

(26) Allan. Victor T.
Effeot of migration of clay Minerals and hydrous
alunlnua oxides on the corrolexity of clays.
Jour. Aa. Cer. Soc, 28(10)8 266-75, Oct. 19 .


