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Setvics.  They wsee used o tofine smme 98 she seologic CONSROLD.

This stady wae considaved 2o e o detailed Tecospaiscanco.  Overy

ey Lo the soriiern sert of the sounty, oxcept in she aves comped by

e (19533, was maversed by ey ot lonst onge, and somwe less
aceessibls avoas wete covomed o fome, & loss Jdegailed sevovmalssunce
wed oucde of che avess imemdiacely sdipcent o aovthers Logsn Jouaty. The
antt Sf covthetn Lopsn Counby thwe e Leon deseriled Dy Paulsos {(1932)
s 3le0 stwdisd in less detail. Yost lickologic infovmmoios wos
ssdoed fyos yoad cues and sbhaliow holes dug with shovwel aal haad auser,
seloys of sediments soeve devermised by coupavison ik she Jeclz olor
Tmary {Goddand apel aghers, 19ad), Toposrophic profiles were consurueted

Wish e aid of & PBowlis altlsscer,

sehnosylodgmonts
The {ield work for 20is study wae supported medialy by 2 lecional
wniemes Pounviosion Coopevetive Jraduste Tellowahilp. 7 wish 2o chasd
the wauy people whe heve delped so wich this stely. fw. Wilaom &

Ladpd, Setare Jwologist and [halvsas of the Jodversisy of doweh Seboda

soparmuent of Geoloyy, provided Jleld ewpiprent, gowve help i e field,
i ericically ysad the savuseript o€ chis zeporz. Jobm ¥, tomweville,
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of hgriculturs 301l Josscrvation Jervice in Bepoleon petmitted the
uwse of uompublisbed goil seps., Lr, &, P, Hollamd, Je., Dr. Mark Rick,
and Dr. Jobm 2, Beid, of the University of North Dakots, made msuy
mmlpful suggestions aud cricionlly read the mumsscript of this Teport,
Te these people I give thanks for helpy they geve ww with this study,

Previous published work

Regionsl studies

Taree regiomal studies sve frequently cited in thie repore,
Thwose of Todd (lu96) ond Lemke and Coltom (1935} concain sone detailed
informacion on Logsn County, The ome by Fling (1935) desla with an
area entively south of Logan County.

Todd's (1596) paper gives an outline of the zlacial geelogy of
the Hissourd Cotean from sbout 23 miles north of logan County to
southern South Lekota. His atudy was the fivst to give 2 detailed
description of some of the glacial landforre of logan County. Todd
doscribed the losg Loke loop” and "Blue Lske loop” (Burunstad emd
morsiuve) of cthe “Fivst, Outer, or iltamont soraine, the “Hlue lake
loop” (Serecter end moraine} of the “Sccond or Cary mowaine,” and the
soraine of high velief bebind chese ond woreaincs., A summry of his
interpretation of the glacial geology of southe-central Morth Mukota is
shows in Figuve 2,

The wost comprebenaive summary of North Dabota Fleistocsme
grology is thwe work of Lewks and Coltom (19583. 1t ie the resul:
of (1) an saalyeis of previous studiss by other workers in Horth
Bakots snd adjecent areas, (1) detsiled and recormaissance mapping
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a8
of pare of the stete by levhe zad Coltom, (3) an soalyeis of zadiow
carbop dates, i {6} & atudy of lawne-scale air phoco stezeopaire
of ¢he sotive glaciated pert of tiw state. Their interpretation of
the stare’s slscial geology is shown on the unpublished Glaciel Hap
of ¥orth Dakotaz (Coltom amd Lemke, 1937}, They were the first to
cap the moxsine with high relief and no lineations on the Missourt
Coteau as doenieice movaine ov stagnetion coraine, techer them end
moraise, &8 it had geverslly been called, Leuke and Colton'’s foter=
pretation of the Pleistocens geology of souchecentrsl Rorth Dakota
is shown in figuse J.

The report by Flist (1935) on the Pleistosens geology of
sastern South Dokotas contains oo refevence to Lonsn Mﬁg Many
of the prwbleom discussed, however, ave similar o thoee socouatoved
in Logon Coumty. Flint's report is ooe of the wost vseful zuides for
glacisl geologists working in South Gabots and adjacent aveas,

tesal studies

The govlogy of woch of che aves adioining che northerm part of
Logae County bae been mapped ai & ooderately large sesle. Ths zvound
water geology end glacial geclogy of the Sdgeoley and la Moure qwde-
vatgles, imeediszely sast of Logsn Courdy, wewe mepped by Raxrd {1922},
Huch of the dead~ice poseine of the Cotvau was mapped by bin aa
“termimal womire.” The geology of fompes County, to the west of
Logan Comnty, was duscribed by Fisher (1952). He briefly discuesed
the glactal geology and sepped the glscial deposite of that omumby,
Host of the lavge exwas of outwash that he mmpped along the Llogen
County border are nonexistent,
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FIGURE 3.~~lemke and Coltom's (1958, fig. &) intexpretation of che
Pieistocene geology of south-central Moxth Dekota,
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The zlacial mﬂgggg?_gw%gnag
County, fagg by Ran and others {&n press). Deadeice morvaine
uss recogniced buc wes oot described in any detail. The glacial
geology of southern Logan County was describsd by Domneville (195la
and 198ib)., Be discussed the probles of glacial stagnation and
describad gome pre-iiiseonsin (7) glacial deposits.

The anily part of novthern Logan County that has previouely
received detsiled geologic study is the southevn part ¢f the Streater
arca in Tps. 135-136 H., Re, &6-70 W. The groumd weter geology eod
glacial geology of this ares of 120 suyuare miles was mapped dy Pauleon
{19352). In cthe present reporr, several changes heve been wade .uu
Paulson's ingerpretations, the most important of which are the alter-
ing of bis unridged "end movaine” to deadeice moraine and chaeging

. bie "ground moreioe” to ice~contact lake sediment topeography.

The moet couprehensive discussion of the terminoclogy and origin
of till landforus resulting from glacial stagnation in ceatral Sorth
America is that of Crmvenor and Rupsch (1959), Meoy of the features
that they observed in Alberta and Sashatchewan ave similar to those
found on the Missouri Cotesu in southecontral Nowch Dekota, Much of
their terminology, however, has not gained genersl acceptance (for
instance, ses Bayvock and Cxavenor, 1561}.

The publications of Christisnsen (1936, 1959, 1960, and 1961)
fﬁgggw&an%goni?n%«awgngm £ield
glacial geology. Heny of the landfovrzs and etratigrephic problews
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that Christiansen encountersd in Seskatchowan ave similar to thoes
dealt with in Logan County,

Two glaeial geologists who have discussed at length the subglacial
origin of stagnation landforme ave Hoppe (1952), in Sweden, and Stalier
(1960a and 19600), in Alberta. 3Joom of their ideas will be discussed
in a later section of this report.

Climete

Logsn County bee a dry sublnosid first (cool) amsothermal climate
(Fhoenthwmite, 1948, pl. 1). From 1900 to 1940 (U, S. Departwent of

Agriculture, 1941) precipitation at Nepoleon sverageil? inches & yeor;

: msch of iz fell as main during the spring snd svmmer., Teuperatusres

varied from -48YF to 115° end avernged 7° during January and 70° duving
July, Prevailing winter winds are from the northwest.

Land uwes ond vegetation

Most of the county is fermland, About ome-half of the dry land
is cultivated and the other half is eicher grezed or used as hay land.
About ona~tenth of norcthern Logan County 1s covered by ewall lakes and
eloughs, meny of which are grased in dry years. DHNative vegeotatiom,
other than that in marshes, is dominently mimed prairie grasses. It
is preserved along weny unimproved section~line roads and on much of
the grazing amd bey land. Volfberry (Sysphoricazpos occidentalis) ie
the domimant low sheubd on pormanent pasture land, Logan County has
but few tzess. Those preseat ocour on steep morthefacing slopes such
{%stwnggggﬁﬁgwagownf?gn
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interlobe moreaine and slong some lekee with stable water levels; a few
traes have been planted in towns and around farm buildings.

Soil
The county lies within the Chestmm and Chermozem soil zonse,
The Cheynomem #cile in the east part of the county are dark and
gnuwgaanq_»ﬁngmnﬁn%gzomgg. The
Chestuut solls in che weatern part of the county are broener and én a
fou places bave a carbouate lesched sone up to 3 fest deep,

Surface water
The aves soutlmest of the Missouri Cotesu (fig. 1) in morthern

' Logen County has & large cucber of ephemersl stresps but hes no

perexmial streams, The only undraioed deprousions in this ares ars the
isrge epbemeral lales west of Wapoleon and & few small slougha, espe~

. c¢ially in che soutiwest cormer of the arsa (pl. 1), The lakea wast of

Hapoleon are iu the bottom of a northwerd sloping valley that wes
dameed by glacial deift duving the last pavt of the Wiscomsin Age,
Shore processes have greatly altered the shape of these lakes., Spits,
cuspate bars, and baymouth bars bave separated the original laks into
several soaller basins., Most of the sloughs (intermitient pomds thae
may be antirely or in part covered with sarsh) in the area southwest
of the Coteau ave confined to the uneroded ground worsine of broud
drainage divide areas,

The Missouri Coteau hae almoet a complete lack of streexs Put has a

large number of samll lakes and sloughs, Lakes and sloughs sre most
sbundant in desd-ice moraine, whare they occupy kettles and other

{




13
depreseions resulting from the irvegular deposition of drift Zrom the
melting stagpast glacial ice. In parts of the desd-ice woraine there
oay be so meny a8 73 soall lakes and sloughs in a square mile. lakes
in depressious in collapeed cutwash sand and gravel are ususily the
surface expression of a larger ground water veserveir, As a Tesult
of the smmller amount of evaporation at the surface of the underground
part of the ruserveir, theee lakes have fresh water and bave a stsble
wster level; lavge wumbers of fish, pelicans, ducks, and gulls fregquently
occupy these lakes, and tress end shrubs grow along many of their
margins, In countrast, lakes floored emtively by impermesble ¢ill oz
lake clay ususlly have a high salt concentration and a mapidly fluctua«
ting water level, and meay sre ephemeral; fewer fish and water bivds
live io theee lakea.




MIBIOGRAPHIC UNITS AND LANDFORNMS

Logan County is part of the Glaciated Missouri Platesu section
of the Great Plains province of the Iaverior Plaine mwmjor divieion
(Fenrevan, 1364), The Claciated Missouri Platesu in North Dakota
has generally been divided (Fennowsmn, 1931, p. 73-7%; Howawd, 1960,
p. 3} into two upita: the Massouri mago on the sest side of the
Missourl Biver, sud an unnened unit west of the Missouri River,
Becently, howover, Lemke sud Colton (1938, fig. 1) bave velocated
the vestern boundavy of the Missouri Cotesu at the countact betwoen
integrated and monintegraeted draimage, This resgricted Missouri Cotess
(fig. 1) is 2 sove natuval physicgraphic unit becsuse the avea of
integrated drainage Lwmsdimtely east of the Misgouri Coteau (formerly
included fo the Cotasu) i3 topographically and gwologically more
similar co the aves west of the river, nwﬁ.w table 1.}

In the discuseions that follow, landform terminology has been
separated mﬁuﬁ. stratigrephic ternicolopy, Mingling of laxiform,
lithologic, Tims-stratigrmephic, and nww?n?n&ﬁg norenclatures
have probably comeributed greatly te the state of confusion that oo
. exists in Midedest glacial and Pleistocene geelozy. For this reasoun
an attempt has been made to keep these tevsimologies entirely

imispendent of aach other.




Table, i.-~Characteristics -

rhe three districes of the Glaciatad

Missouri Platesu in souchecentral Borth Dakota.

ﬁycw

unit

- Unnawed
district west
of Missouri

{ Rivear

Missouri
Coteau
district

Topography Bolling and Rolling and Hilly with
dissected dissected { wany
depressions
Surfsce drift Early Early Late
age ] Wisconsin(71)| Wisconsin(?) Wisconasin
Drift thickness Won-existent | Thin or non- | Thick

existent
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Arvea soutiwest of Missouri Cotesu
The ares within Logaa County southwest of the Nissouri Cotesu is
characterigsed by an integrated drainage system and thin drifc, The
individual landforms of this ares consist of ground moraine, saall
kames and eshers, outimsh topography with low to high relief, strand

1ines, laks plain, aud weltwater chamoels.

g-cg is & lsndform or geocwrphic ternm applied to
u...n_-i g are usderiain mminly by till and bave a topography that,
in detail, is primerily the result of deposition from glacial ice
{see Flint, 1955, p. 111-112; 1957, p. 120-131), OF the three main
typss of worwins--ground moraise, dead=ice wo¥nine, snd end moOTRinges
only zround moraine existe in the ares southwest of the Cotmew,

Gxound moraine.~-GCround moraine is relatively lowerelief,

undulating (swell and swale) movaine that lacks transverse linear
trends and has 8 topogruphy that fs dowinently the veeult of subglacisl
lodgement of till om the grousd (Fline, 1935, p. 1l1; 1957, p. 131).

It emy also include thin cover of sblation till, The undulating ground
moraine topography in the area southmest of the Cotesu is underlain by
@ thin blanket of lower Wisconsin (?) till and e si% T
stresm-eroded badzock topography with a local relief of &\uﬁ 106G

feet, In most places bedrochk outcrops ave few and the till averages
10 or move feot chick, .ggnﬂninogguom% county,
bedrock outcrops are sumerous and the till is very thin, UHere the
till enly slightly modifies the pre-existing bedrock topography;




17

g WOTSE

Yost of the ground woraine has well-integrated drainage. The

w fntegration is, however, no indicagion of any grast amoust of
postglacial strean srosion or any grest length of time since the drifc
was deposited. This is beat swoni by & cospearison of “emtermal

eroeion” and “internsal avosion’e-comcepts that spparently have not
,, pravicusly bsenesphasissd, “External srsion” caun be defined as

, ‘headuard axtension into sn avea of the headwaters of an establiahad
drainage systum. Iz would remove the till from the lower sreas first,

© lssving the till on higher divide aress unevoded, Zuternal ercsion
, in southern Logan Coumty (Bonnevills, 1961h) hee completoly remowed

the till from an ares & few milss wide on either side of Beaver Creak,
Ths sscarpoent of headwand erosios is sbout a mile south of the area
of this report. External erosion has boen insctive in most perts of

, the ground moraine southwest of the Cotesu in novthewn logan County;

till in the lower parts of main valleys is a» thick as, or thicker
than, till along the better developed tridutaries,

“Internal exosion,” which cam be defined as evosion that was
inftiated withia an ares rather than by the headward extension into
the arvea of headumters of another druinege systenm, prodebly was raspone
sible for integrating the drainage of the ground morains southwest of the

v Coteau in northern logem County. In this area, in contmast ©o the

Deaver Creek area in southern logsa County, drwisage wee intagvated
afcer glaciation by quick reestablishmenit of the praglacial drainsge

, without the aid of external evosion. Till had owrely smetled the

preglacial strssm-eroded topogrephy; it did mot oblizewmte i2.
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Undrained depressions on this thin till venecer were originally shallow
© snd vere essily filled with rain water, spring runoff, snd glacial

pelomter., The depressions overflowed, an outlet wes cut, ¢he water
wee concoutreted in the valleys, and the preglacial drainege systes
was guickly ve-sstablished.

‘1€, howsver, the drfic hed bosn thicker, the undrained
gg gggn» and the prezilscisl dratnage system hed
besn completely obliterated, as on the Coteau, the water would have
flowed only a shoyt distance into the gﬁﬂﬁ. and stayed there,
1f the awount of rwcipitation were not excessive this type of topography
would require extavnal evosion from an ouiside drainage system to
sstabdlish an ioteguaced drainege pettetn. Thus, the differcmce ia
drainage integration betwesn the Cotesu and the ares southwest of the

. ?gﬁbgugiw&agrgugaeég”%»?
thickness and the degvee of obliteralion of the preglacial drainsge
systea.

Samll komeg.--Soall kemes are common ou the ground mevaine ou
high dvainage divide aress southeast of Hepoleon, Ddost ave 100 o 30
feot in dismeter and 10 te 20 feet high., They are neticeable only
because theiv relatively steep slopes coumtrest with the gently undulating
ground worsiae. The kames ave couposed of coarse gravel and smsller
amounts of sand, silt, and clay, They ave similar to the “Iowan" and
“Casewell” kamas in South Dakota duscrided by Flint (1935, p. 67).

igkers.~-Two sumll eakers are present in the soutiwest cormer of

_ nwn avea vapped. They ave distinct, alightly sisuous ridgss that ave
1500 and 1000 feet long and ave cowposed of coarse gravel that is aver
10 feet thick.

llllll““llL
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. Outwash topography.~-Thres types of proglacial outwash topography
are present in the vicinity of Napoleon. They are outwash topography
of high relief, outwash plain of high elevation, and outwash plain of
low elevation,

Outwash topography of high relief.o~The outwash topography of

. kigh relief north and southwest of Napoleon is a seriss of gently rolling

hills amd as great as 40 feet of local velifef. These sre hills composed
. of lowar Bisconsin (V) sand and gravel. Except for its being restricted
to the lower part of the northwawrd sloping preglscial welley, the
outwash has little apperent velation to the surroumiing topography.

The bigh relief of the outwash topography could have origivated
in one oy wore of at lesst five diffevent ways: glacial erosion,
meltwatsr erosion, postylacial stress erveion, collapee from stagnant
ice, or deposition controlied by a fluctusting baselevel, Glacial
anou».aa was probebly not the cause of the high velief, becausa mo dis-
tortion of the outwash bedding and no till on top of the sutwash vere
observed. MNor is it likely that meltwater or postglacial styesm ercveion
was & major cauvse of the relief, becauvse a definite system of meltwater
or postglacial stream chennels is asbesut.

Collapee of outwash thet was deposited against or on top of melting
stagnent ice might heve been & partial cause of the high relisf. There
are, however, no definite kettles im the ares. Two possible ice-comtuet
faces are the steep west shors of the lske southwest of Napoleom amd
the irregular, serthwand-facing escazpment 1 wmile gﬁnw of Hepoleon, 4
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fifth explanation of the origin of the high relisf is fluctuwation of
the local baselevel of outwash deposition. As the terminue of the
early Wisconain {!) glacier retveated novtiwaxd dowan the wvalley,
several a.ﬁgu.gubﬁu on the east or weat aide of the lake may
have been fovmed, caueing the fluctuetion of the lake surfmce, the
iocal baselewel., Mo evidence wus observed, hovever, that indicates
this is tha correct ewplamation; smultiple outlsts or levels of
deposition are abssnt, A combination of the above suggested causes
way have been responsible for the origin of che outwash of high relief
in the vicinicy of Kapoleon,

Elevated ocutwash plain.--The elsvated outwesh plain northwest of
Hapoleor apparently was depositsd when the late Wisconsin glacier that
formed the Long Lake mowain: agein dasmed up & lake in the valley west
of Rapoleon. The outwash plain has seversl feet of locel relief and
is bounded on the south and csat by an cutwerd-~fucing, escavpument cthat
18 30 to 50 feet high, This cocarpmect may be 2 foreset delta face that
formed before the lake was draoined by 2 meliwater chempel to the west,

Qutwash plain of low elevation.-~The cutwash plain north of
Mapoleon has oply a few feet of local relisf and is composed of upper
Wisconsin cutwash that was depositad by meltwater Evom the southwest=
sloping chamnel through the Burnatsd end morvaine, The weter table is
aear ths surface undey most of the plain.

The flat outwash plain east of Hepoleon is underlain by well
sorted sand and gravel, The slope of the plain incresses up to the
Burastad end morsing vheve the plain becomes a series of coelesced
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gravel fans with an east-facing ice~contact face at ths outer edge of

the ~oraine,

Stxand lipes of zlacisl Iske Napoleon.--The name “Glacial Lake
Hapoleon” s haxein applied to the lake that was 10 milee long aud
formed when the northesloping valley wsat of Nspoleon wes dammd by
glacial ice, This occurred at lesst fwice: once during the early

. Wiscomsin (7) sdvance thet formed the ground moraine southwest of the

Coteau and once during the late Wiscomais advence that formed the
long lLake moraine., The position of the higheet strand line at asbout
the 2000C-fool contour was governsd by the alevation of che Iowest
ouclet ¢o the south, The stvand line lo a vague escarpmant vmrked by
sany smell bodies of cutwash (not shown on plats 1| because they have
no definite topographic expression). A pit in ons of these bodies
gémﬁ?%«é&ggguw.wu»ﬁ:?w»t:
 sxposss § feet of sand and gravel vith steep cross-beds that are 2
fant high. Within the cross~bedded gravel are irregular mmeses and
levses of clay snd peaty matsrial that were probebly derived from 2
short distance away. These gravel gwn- mey be omall deltas
formad of outwssh from nesr-dy stagoant ice on divide areas on
either oide of the valley. JSeveral move ob-utre stranilines uay
exist below the 2000 foot comtour.

Glacis] Luke Bepeleon plain.~~The flst lake plain south of
Napoleen is underlsin by clay that was probebly deposited when the
western outlet of Lake Napoleon was blocksd for the last time, that
is, during the time that the Long Lake soraine was forusd. The
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w lake plain ts sbout 20 feet above the present high-water level.
Soutbtwest of Rapoleon the lake plain ie covered by younger outwash

Meltwater shanpals.~-ticet of the meltwater channels slong the

© west side of the Burnated moraine ars seall U-sheped or flat-bottousd
channals cut in till or outwash and floored with outwvesh or nonglecial
slluviem, The channel nortiwest of Hepoleon, however, is cut 350 feot
through Fox hills sandatons, and has & £lat bottom that is covered

with lake clay.

_gnginggwh%ggggg
sops of drainage divides. Yhe weltwater chanpel in the northeast
corner of T, 134 K., R, 72 W,, extonds for adout 4 miles along the
top of a dreinage divide, Those chanmels say heve boen forwed when
the divides weve sxposed by downmelting stagrent glacial ice,

Sorthwest-southesst trending drainags limeation is visible on air
photos of the ground moraine southeast of Hapoleon., The linesation is
not noticeabls on the ground., It is unknown whether the linsations
originace in the drift or the underlying bedrock., If in the drif:,
they could be glacial flow or end movaine ‘lincations. 1If they ave in
the bedrock, oa the othor hand, thsy may be eimilar to the mortheast=~
southwest trending lineetions in Szmons County that Fisher (1932, p.
14) descrided as Fou Hills "sandbar” festures.
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i The bedrock topography of the ares southwest of the Cotess is
nearly the ssae as the surface topography. Omly in the bottom of the

w, walley west of Hepoloeons and the bottom of the valley southeast of
Napoleon 1s the deift thick ewough to wodify greatly the bedvock

The Misecuri Coteau part of logan Cownty is characterized by
a ponintagrated draivage system, large aresss of dead=ice worvnise, and
thick drift of thas upper part of the Wisconsin Stage. Alasc present
are end movaimes, collapsed outwesh tepography, ice-contact lake
plaias, outwash plaine, snd seversl other smaller features,

Glacial landfon

. Moraine

Three types of woraine were mapped in the Missouri Cotesu part
of northern logan County: ond moruine, pitted ground morsine, and
dead-ice moraine,

B woxaine.--The topography of end woralne is primarily the
result &%n?»a»;ggﬁ the mergin of an active
glaciex. The most ispertant criterion for recogaition of its origin
at an active glacier margin is linearity--either ovexall limmarity of
the eod movaine ov ssallescale lineayity of depressions, hills, end
ridges within the end moraine,
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There axe several types of end movsafoe topogrephy in sovthewn

w Logen County, They vange from rolling kills of the Lomg g morsine

to ths koobe of the Bursstad eund Presh Lale soraines to the ridges

p of the Streeter worains.,

Long Loke soraise,«-The long lske end woraine, in the northweat

m corney of Logan County, was vamed by Todd in 1896 (p. 13). He applied

the same "Long Lake loop of the First, g«hn.an&nggn woraine™ o
two brosd loops in Ridder, Burleigh, Zmaous, and Logan Counties (£fi3.
4). The southern loop is Dreachad in Burleigh aud Kidder Counties by

Long Lake. In Pewons and Logan Counties the southern loop is couposed

of two ssparate, though probably closely related, end movaines; they
are berein reforred to as Long Lleks I moreine and Long Lake 11 moxaine.

loog Leke I end woraine, the older amad most aouthern of the hwo,
is topographically similar to the ground moraine to the south. It has
usoderats $o high losal relief (os great as 350 feet) that smy in pert
be a reflection of praglacial topography. Long Lale I moraine hee
aeatle slopes and ilow topographic density (masll muwmber of depressicus
or hills in a given area). In contrast o the ground sovaine o the
south, 1i¢ has mmserous smmll undeained depressions, 7O the west, in
Eosons County, it has 3 wove typilcally ridged and humweky end moraine
topography. If the segmont of long Lake I and movatne in lLogan County
had besn considered separately from the rest of the worxaine, it would
probably heve besn called ground moraise, But becsuse it is pert of
2 larger bapd of worsine thet has conspicuous swailescale and overeall
lincacion, it bas been mepyped as end movaine.
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long Leke IZ end morvaine hae stesper zlopes sud a higher topographic
density than loug Lake I gﬂ%ﬁ. West of Logan Covmty and in che =ast
pare of T, 130 N., 8. 73 ¥., it hes coauspicwous lirsations comsisting of
low arcuate to slighcly siouous paxellel ridges.

. The Loug lake ond motaine has previcusly been correlaced with the
Buronstad end movaine, Ividewce that the Burnstad gpovoine is a0t eguivas«
lent to, but instesd overleps, the lowmg Lake mopaine is presented iw
the noxt section.

Burnstad wogaing,«~The Bumstad end movaing, in western Lagin Tomumey,
was first recognized by Todd (1896, p. 13}, Be called it the “Slus
Lalke lovp of the First, Outer, or Altaxout sorsine.” The name "Burnsted,”
whick vas given to tha woraise by Leshs swd Celton (1958, p. #7-43) fov
the town of Survstsd is southern Logen County, &8 used im this repor:
vatier than “Dlue lLake decevse “Blue Leke  was applied by Todd (15946,
Po 16 and M) to both the Burnetad end Serseter wovaines. Taure is
only a slight posaibility that it cocxrelates with the Altawont soraine
in esstern South Dakota. |

The Burnstad morsioe typicslly has o very knobby topography (fig.

~ + e and b). 3lopes ave very steep and the topogrephic density is vexy
- high. local relisf sverages sbout 15 feet, Tha morsine is z low,

brosd ridge thet hes fow foteveal limeations. Along mich Of its outer
%uggnﬂgﬁgﬁugg.gsﬁuwgggmmnema
high. In several places the and moraine is lower then the older groved
sorvaive to the west of it. This higber grousd in frout of the Gurnsted
égggghgngig%gasg%nn%w

push (7) %o
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a and b: Burnstad end soveism. , ¢! uinar vecessional soraine behind Streeter moraine. d: southewn
ridged loop of Fresh Lake moraine. e: middle loop of Stxeeter woraipe. £i southern loop of
Streeter woraine, g: uaridged pari of Fresh Lake moraine.




The Burnatad has previously beea correlated with the Long Leke
moraine. It apparently overlaps the iong Lake, however, snd corvelstes
with the Twin Buties woreine of Rau and others (in press) i southera
Ridder na.-_ﬁm {fig. 4}. Thers are several reasous for belisving thiss

i. Thexe is & grester similarity batween tha Burastsd moraine and
Twia Buttes spraise than there is between either the Surnetad or Twin
Buttes movaines snd the Long Lake moraine. In northern iogan County
and gouvthern Lidder {ounty, the Jurnstad and Twin Buttes moraines ere
3 ox 2 miles vwide, have 2 knobby topopraphy with few smalli-scale g,nﬁww
iineations, and bave & saximem elevation of 2100 or 2200 fest, wheveas
the Long leke moraine is 6 to 10 niles wide, has numerous low parallel
ridges {sapacially aorthwest of Logan County), and is about 300 feec
lower,

2, if the Burmstad wovaine were .wcnuvuauwn with the Long Lake
aoraine, the Twin Buties wmoraine would bave to be an interiocbate wmoraine,
as fizat suggested by Todd (1396, p. 13). This is uniikely because all
of the seltwater channels are directad to the north through the prowmdinent
outer odge of the Tuin Buttes moraine raither than to the southwast
through the supposed lateviobste area.

3. The Fresh leke recesaional end moraine (discussed in the following
section) closely parallels both che Twin Butites sod the Burnstad end
woraines, whereas the oriestation of the Leong lake moraine aud the sorthern
parc of the Twin Buties wovaine differ by nearly 180° (see £ig. 4).

4. The lineaticas at the margin of the Burnstad moraine in secs, 7,
17, and 18, T, 136 N,, R, 72 %., sve at right augles to those 2 miles
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to the southwast st the mergin of the inmer part of the Long Lake
woraine, indicsting that the Burnstad, at least locally, overlaps the
7 5. Ransen and Rume (in preparstion)} heve found some evidence
ﬁ thet the equivalent of the Burnstad overlaps the Long loke worsine in
portheastern Buxleigh County (fig. 4).

These five points seew to justify the corvelation of the Burnatad
with the YTwin Buttes nozaine ratber than with the Long Lake movaine,
~ The Twin Buttes movnine will hereafter bo roferrsd to se the Twia
Buctes loop of the Hsrustad eod woraine,
Parther to the north, in southesstern Kidder County, the Twin
Puttes loop may be overlapped by the Streeter smoraiune, as suggested by
Beu and othars (in press). There is evidence, bowaver, that the outer
© Limit of the Burnstad advance was several miles in front of the outer
.~ =it of the Streeter advamee in vorthern Kidder County. The dead-ice
 moraine and collapsed outwesh in front of the Strester moraine ia
 sorthem Kidder Couaty probably rorrelates with the dead-ice worafine
. and collapsed ourwash in frout of the Streeter morainme in Logan Sounty.
. Thee is, the collapsed outwash im both aveas was probably deposited om
top of the semm atagnant fee which persisted until after the Jtrester
woraine was formed.

To the south, the Burnstad mey corrslace with one of Plinc’s
{1985, fig. 31) "A eeries Mankato" emd soraines.
1 Presh lake woraine.~-The Frash Lake end movaine, & minor reces-
77 sional of the Burnstad movsine, was first recognised by Colton and Leske
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(1957). The pame “Fresh Lake” vas applied by Bau and others (in press) \
to a smmll uet prominent cidged loop 2 miles vorth of Freoh Lake in
southern Kidder Couwaty {(fiz. 4). Rem m.ertzmrs 414 not recognize
an unridged part that sxtends south into Logan County,

“he name "Presh Lake soraine” a3 veed here includes the original
northarn loop of Bau and others, the baod of unridged end moraine
extending south into logan County, and avother @mm_ vidged loop st

the south snd of the same moraine.

movaine has few vidges. It has, iustead, = knobby topography with steep
slopes and high topogruphic density very eimdlar to that of the Burnstad
end woveioe (fig, 5g). Like the Burnetad, its outer margin in places
is warked by a few low, straight push {?) ridzes. The ridged loop at
the south end of the movaine is very similar to the one in Kidder
County. They consist of a series of symmetrical, arce-shaped push (?)
viidges with a vadius of curvaturs of adout 1 mile, The vidges are even
crested, about 3¢ feer high, and spaced about 300 feet aparc (fig. 54).

No atconpt hes bean made to corrslate the Frash Lake moraioe wich
auy other sod wovaines to the north or south.

Az the south end of the Fresh lake morainag is an avea of high
mozaine vhose relation to the Frosh lake is uwnkoows. Its ridges ave
convex to the north aod et right asglesa to the regional north-south
end moraine tveads,
| Strsseter worsine,~~1he most conspicuous end moraine in northern
Logan County is the Streeter moraine, about 12 miles sast of the Durnsted
moraine. It was first vecognized by Tadd (1896, p. ), vho called it

-
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the “Blue Laka loop of the Sscond or Gary moveine." It was also

“ reforred to as Gery" by Paulson (1952, p. 17). The name "Screeter”

m was f£irst appliad to chis wovaine by lemke and Colvon (1958, p. 49,

W, £fig. 5). The newe “Streeter” is used in this Teport decause therw ig

only & sanll possibility chat it correlates with the Gary asraine in

given to bogh che Burostad and the Stvester movaines, has not been

a uged in suny othar publication since 18%6,
B

Tie Strecter is a distinctive end coraine that can be §§
considerable distances worth and south (fig. 4). It is e high ridge
that is about 2 miles wide and in meny places is over 200 feet high.
The vidge is in the {orm of & series of discoomsetsd semicireular
loope that heve a radivs of curvature of 2 to 4 miles, Rau and others
{in presa) traced the Strester woraine g ite rype eves in morthewn
iogan founty and southemcetern Stutsmen County northwerd through Ridder
founty. U0 detailed work has yet besn done on that per: of the
Streeter movaine coriiwest of Kidder County, bst the vecomnmaisaanse
work of Lomie and Colton {1938, fig. 4) shous thet it is overlapped
by the Martin sorsine in rovthwestern Sheridan County. The Strester is
absent in southern logon County (Bonpewille, 1961, p. #9) but is again
prominent in Nelntosh County. Lemke and Colesn (1938, fig. 4) have
suggested thet it corrsliates with Flint's (1953, $ig. 31) "Bl Moaokato™
end moveine in aorthern South Dakota.

In northesn Logan County the Streeter consists of thyee well

developed loops., The sorth and middle loops ave composed of a series
, of paralliel push {?} ridges that are about 530 feet hisgh and about
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Md 1000 feet apare (fizg. Se). The middle loop slightly overlape che

vorthern loop, Apparently the discoonected segmant of end moraine
east of the norch ingerlobe area (acca. 3, 4, 2, 10, 7. 136 K., R,
89 ¥.) is part of the north Lliab of the widdie loop. The moraine
between Lhe two segments say have been end woraine that was deposited
on stagnant ice snd collspsed beyoud recognition when the ice welted.

Part of the southers lind of the mlddle ioop hee been mepped 38
collspoed end wovsine. (It 19 not called Jdesd-ice moraioe becavss 1t
still bhas ond moraine lioeacions.) This pare of the 3trester msy howe
also boon deposited on atagnant ice and later let down and collapsed
as the ice selted, Its ridges are poorly defined and have a disrupted
appearsnce. On the ground its topogrephy zore closely resesbles theae
of the adjacent Jdeedeice moraine than it does thet of the weac of the
wniddle loop. _

The south loop differs fyom the other two 1oops in its gTeatex
beight and suelier push (?) ridgee (fig, 3€). The two interlobe azeass
between the three loops differ greatly. The north incerlobe area is
lover than the moreiss and served as a broad seltwater outle:., It is
at aboul the asaow elevation as the outwash plain in frome of the
Strester. 1In contrsst, the interlobe avea between the widdle and south
icops is the most massive part of the whole Streeter coyaioe in Logan
County, It is nestly 300 feet above the distal margin of the moraine
3 wiles morth of the isterlobe area, The stoep sand rugged flanks of
the interlode ave covered with an unusually high concentration of
bouldera.
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Micor wovaines.=-The iMissouri Coteas in northern logam County
- contains four other minor end moraines, The one in the northesst corper
of T. 135 H., R, 70 W., 1a a series of straight parallel vridgus that
§§§si.n§§ﬁ?5w§8m§§§§§,
. Their rslaticn to the surrounding glacisl fostures is unknown, though

. their northwest-southesst orientation and uneven creats suggest that
they are transverse end worsise ridges rether than longitudinal
| streaaline flow ridges. The areal pattern of the ridges is similar to
thas of vashbosrd end morsines, but the individual ridges ave much
higher than those of typical wasbboard woraine.
In T, 134 %., B 69 W., is another smsll area of end wowaine,
It coneists of sevexal low, brosd ridges that trend north-northesst.
A wminor vecewssionsl of the Streeter woraine im T. 135 and 136 .,
B. 58 %,, has & very koobby topogrvaphy. It has 10-25 feet of local
relief, bae bns slopes (especially wherse it is cowposed of gravel),

. has & high topographic density, and has 8 high concentration of
surface boulders, The arcuste pattars of limeations shown on plate I
is visible only on air photos and is the vesult of the elongation of
knobs and depressioas. In aany places, especially in the southwest
part, the moraine has & very bigh grevel coutest. 4 vosdcut Shyough &
mob 0.1 nile noreh of the southwest cormer of seec. 2, T, 133 W., R
48 W,, exposes a gravel composed of nearly 100 per caunt gnmauu.

Another ainor recessional of the Screeter is the prominent ridge
io T, 135 and 136 K., B, &7 W, (£1z. Sc). It has sumller push (7)
ridges swperimposed om ic.
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There is no kuown evidence that suggests a corrvelacion of these
minoy recessionals with eny other knoun sorvaines, |

Bitced proumyi gorsine.--Uuly ove small pateh of ground cozaine
ia present ggxwgagggc@ggggg.

This L% sguare miles of pitted ground morvaine, is the socthsast coToer
of the arsa shoun on plate 1, i» the sorthwest edge ¢f a much larger
avsa of ground sorsine in La Moure County and southern Logan County
{fig. 4). 1t is a level srea thot is pitted with abundant hettles that
are 2 to 20 feet desp and 200 feet to one~half wile wide,

The hettles nay bave formed when ice blocks becanmw separsted from
the retresting ice fromt and sank into the seger-saturated till,
Rottlies Of this type would likely hewe till vims squeezed up avownd
their iﬁ@g. The lack on any such viss in the pitied gvound moraine
of sastern Logan County could have Wm@ eaused by the complete levelins
aut of the sacturated till becween the ice blowvks or by flowing of the
z1ill back into the kettle as the ice melted, The convex imvavd margims
of sone of the kKottles suggest that the till sctually did staxt to flow
back into these depressions. |

4 move probable expleapation of the hettles is deposition of till
in cthe form of ground moraine op top of pre-emiscing isclsted blocks of
scagnant ice. The vesulting pertly collapsed or pitted zround moraine
grades weatwazd into coupletely oollapsed ground soraine of deadeice
moraine,

Desd=fce poraine,--Deadeice worsine is a cype of woraine whose
gopography 1s dominently the resule of large scals glacial stagwstion.
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e tevm “deadeice wovaine” Las been wsed for meny ysers in morthers
surope (Hoppe, 1952, p. 1-3) and 1s consideved to be the most important
eype of woraice 1o norTthern Sveden (luedquisc, 1959, p. 19, 95-95). In
the past 3 years the term has been used by saveral glacial geologists
in the Prairvie Provioces (for exemplo, Christiansen, 1956, p. 12;
Bayrock, 1358, p. &; Gravemoyr and M. 1959, p. 352; and Bayrock
end Gravemor, 1961, p. 3).
The descriptive temm “hummocky sevaine” ie preferred by usoy

writers (for emswple, Hoppe, 1952, p. 3; Scalber, 1960b, p. 27;

and Christiansen, 1961, p. 18). It i3 a geseval cerw that includes
/Mh dead=ice moraine aﬁ unridged ond wovaive., Humocky movaing®
umwmmms:wymaammmam«m
landforue cam be diffsrvenciated,

The “collapse till copography of Flint (1953, p. 114) is the
seme a3 desd-ice movaine,

The term “stagnation moraine,” asother sywwoyn for deadeice
moraine, has been used by several North Dakota and Moutspe geologists,
including Lewke and Coltom (1997), Bakiven (1960, p. 51), Chwelil {1950, .
pe 30), Williams (1980, p. 72), Claytom (1960, p. 20), Bomevilie
(19618, p. 56), and Colton and others (1261), Becavss “stagnent ice™
and “dead ice’ are usually used syponysomsly and becauae ‘‘stagastion
moraine™ he® been used only locally, the ters "dead~ice moraine™ is
te be —pmiemmi.

Towngsend and Jenke (1351, p. 257) were probsbly the firet to
realise that much of the high-relief ooraine on the Missouri Cotean

in North Dakets {s probably wot end woraine, but may be “morve neerly
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relaced in extent snd mode of deposition to ground woraine.” It was
tirst rvecogmized as dead-ice morsiee by Colton and Leske (19573.

Dend=ice moraioe is Muf&aﬁ by its associacion with mmerous
featuvas that indicate lavge~scale stagnesion, such se disintegzocion
ridges, icee-contact faces, ice-contoct eltwater chammels, apd ice-wslled
and collapsed outwash and lake sediment fostuves. It lacks the swmall
seale liveations of ridged end muraine amd the monotopous knobby
topogrsphy (steep slopes and high toposraphic demeity) snd ovezreell
lineazity of unrldged end movaine, In southecemiral Rerth Jsbota,
deateice woraine uvsually hes much hisher loesl veliof chan ground
Levaine.

Dead=ice sovaine is highly verieble. Local velief varies fyom
a8 feu to 100 feet, and topograghic denaity varies from 200 vo 2000
depressions in & sguars wile, Swall imggum lakes in ketiles and
other depresaions ave ebundent. Jla many places, mwmerous iceecontact
faces zive the deadeice moraine a terveced appearance. Meltwater
channels and cshers arve absent or short and fragmontal.

The bigh locval veliei of dead~ice wormine oay bave ovigiosted
iz at least theee different wvayse:

1. Reflecting of the high relief of the vopography that emisted
before the last jplacistion owy in part ba 2 cause of the high relief,
dvaluation of the eifocts of pre-late Hiisconsin welief oo the present
topouraphy is ¢ifificult becavee litcle subwurface inforuvation ia
svailoble; bug, though pe definite evidence can be given, it is
thought to be of only alight impoviance,
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2. Squeeszing of subglacial till i{nco crevasses and holes in

stagnent ice wes thought by Stalker (1960s) and Hoppe (1932, p. 5=8)
to be the cause of the high local relief of wost dead-ice morainme.
, Mo evidence was found in logan Coumty for or against this theory,
put it secms unlikely that it ocould form the Copography with over
q 100 feet of local realief that S8 found i{n parte of northern Logsn

3. Lecting doun of superglacial till Zrom staguent ice is the

moat probable origis of the high relief of the deadeice woraine in
Logan sawd Mclntosh Counties. Any drift on top of the stagnant fce -
~ wme probably g&&%ﬂﬂnnﬁ irvegularly &nng.snw Later became
further rediscributed by mass movesent and stresm sction., Hhem

% n&a stagrant ice meslted, the superglacial till vas let dowm to fomm
w the irregular, higherelief topography of dead-ice moraine. Stalker

{1960, p. 36) and Hoppe (1952, p. 28} scate, bhowever, that superglecial
t41]l wsa nonexistent or very thin on continental glaciers and wes of

' little importance in the formation of desdeice mowaine, This,

spparently, was wot true in Logan Coumty in late Wisconsin time. &e
ia sbown in a later pection, ,uganawaa»aw till wvas probebly fairly
thick on the stagnant ice of Logan County. Furthermore, the deadeice
zoraine of Logan Cowunty hes a topography that is nearly identiesl to
the topogrsply of collapsed outwssh, which wichout doube wes the vesult
of che letting down of superglacial cucwesh. It {s thevefore thought
that the letting down of irregularly distributed superglacial till was

1 ~ largely respousible for the high local relief of the dead-ice movasine

ia logan County.
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partly buried chanmels

Two chennels that are parcly bduried by driftc wevs recognized in

sortbers logsa Councy. They might be sa imporcant source of Ground wacer.
M One in the northwest corner of the county is a broad livsar depression
;Sﬁn is a5 mach a8 30 feet deep. It is mmwked 5 a chatn of kettle

; lskes that axe one-fourth to one-half mile wide. Large quantities of
outwash gravel are exposed along much of its lemgth, suggestiog that
it awwwwﬂswmw was 2 meltwater chavmel. The channel was buried by the
glacisl advence that formed the lomg Lake end moraine.

& second pavtily duried chemuel, at the north edge of T, 136 N,,

B 8. 71 and 72 4., 10 about one-thisd mile wide and nearly a tumdred feet

B ¢eop. 1t s parcly £1l1ed with busmocky till and outwash, A emall

postglacial ephemoral stream flows along its botgtom and into Fresh Lake,

f  contrary to whac is shown on the Glactal Mep of the United States

r (Flint and othevs, 1959), the chazmel slopes to the cast and is wot part
of the selitwster channel thet slopes southwestward through the Durnstad

ﬁ woraine. The westema-most part of the chanwel, in the Burnstad and
worsine, is unburisd, The chamel say bave boen buried by a mimer
readvance of n,g glecier, or iz may have had the seme origin as the
similar "ice-wmlled chaunels” described by Cravenor and Nupsch (1959,
Po 33~56). These chammels were partly buried by superglacial drife
N thet slid down the jice walls,

Till stagnation Peatures

Till stagoation featurss in the Coteau section of northern

v iogan ﬂuﬁax include prominent till bhills, woraioe platcaus, vimmed
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M s@ucers, nw:\ disintegracion ridges, and kettles.

Promingot £ill hills.--Prominest, isolated hills of till sre
sbundant in the desd=ice moraine in the castern paxt of Logan

County. These hills, which were firvst noted by Todd (1596, p. 3433},

ate composed largely of till, though mamy of the flat~topped ones are
capped by lake silt and clay. One tmmedistely east of Cackle {o
searly coupletely covered with lake asdinwnt, which bas been highly
contorted by postglacial mass westing or by collapse during melting
of the stagnant ice. The lerge till hill s the portheast corner of
T. 135 B., R, 487 ¥., bas lorge samounts of sand and gravel om ite
sides,

Somm of these hilles may have bean formed by the disvuption of
sarlier glacial featuras. For example, the slongated hills in the
aorthesst corner and along the south edge of T. 135 ., R. 67 ¥.,
mey be an overridem and partly destroyed emd moraine. Others, auch
as the smaller, circular onss, may be closely related in origin to
the conical “prairie mounds" described by Gravenor Auwumv._ Tasy vers

probably formed when superzlaciel till slid into simkiwles in stagnant

ice. The silt and clay on top of somm of the 2ill hills seccled out
of ponds in these siniholes,

¥oraine platsaye.--In the northwest part of T. 136 M., R, 68 W,

and northeast part of T, 136 M., B. 69 W., are several flat avess of
t1ll in the desd~ice moraine that hsve the appesrsnce of very low

ottes. These roughly circular arsss are about one-talf mile wide and

are eleveted up to 30 fest above the asare~by depraseioms, These
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geatures are similar to the "moraine plateaus™ firet described by Hoppe
(1952, p. 5) and first recognized in North America by glacial gesologisce
| (Gravenor snd Sllwood, 1957, p. 12; Guavemor and Supech, 1959, p. 51-52)
 working ia Alberta and Saskatchewan. The ‘horaine platesu™ of Stalker
(1960b, p. 31-35), are move similar to the lce-walled lake plains
desceribed below, but chwre ave probably all yradations between ice-walled
lake plains and the “uworaine platesus” of Noppe. The origin of “moraine
platesus” is unkmown, though they may bs the result of weter-satuzated

| t111 spreading out betwesn the blocks of ice that occupied the nesr=by
depressions.

Rimeed seuueys.~-Yn sec. 10, T. 134 H,, R, 70 ¥,, ave two features
that are bere veferrad to as “rizmed ssucers.” They ave depressions that
are shaped like half ssucers and have a 10 foot rim seouad half theie
eircunferences, The surrounding desdeice movaine is mors smocky than
the smooth surface of the sauvers. The aast edge of the one in the
southeast quarter of sec., 10 is composad of till; presuwmably both rimsed
saucera ars oade entirely of rill.

These vimond ssucsre are somewbat simélar to Christisneen’s (1951,
?e 19-20) “rinmed depressions,” whick wese thought to bde ice-walled lake
basine, The rimuwed ssucers ave smmller, howsver, and tmc ir mo known
evidence that suggests that chey warze lake basine. The greator steepnoss
of the outaide edgs of the rime suggests that they are disintegzetion
ridges thag were formod by sess westing of superglacisl till from
stagsant fve that suryrounded the ssucers as shown in figuve &.



Saucer

FIGURE 6.--Suggested origin of rimmed saucer. a. Superglacial drift
of sliding off stagnant ice. b, After ice melts.
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on cidusg.--Thestevn "disintegration ridge” was fivet

used by Cravemor and Rupech (1959, p. 32-54) to dsaignate :iﬁi@ga formed
by disintegrsting atagnant ice., It is a ueeful general cerm that includes
circular and linegr ridges which are conposed of till or vashad drift

and formed in the following ways {Boppe, 1952, p. 5+3; Gravenor and
Bupsch, 1959, p. 56-60; snd Stalker, 1960a): '

1. Filling of crovesses from above by nmess zovement of superzlaciasl
érift. |

2. Filling of crevasssa from below Ly squoesting up of euvbglacisl
drife,

3. Yses sovecent of drife €rom the edge of a asingle mass of ice,

4. Squessing of drift up from bemsath the sdge of & single mass of
ice, |

5. Mess movemeot of drift from the side of a hole In 3 mmes of ice.

&, Squeeazing of drift up from bemeath the side of & hole in a nmss
of ice.

Disiutegrazion ridges are not a8 abundent (o the deadeice movaine
of Logan County as they are in the Missouri Coteau in northwestern Horth
Uakota and in parts of Alberta and Saskatchewan. Linear disintegration
ridges composed of till ave, hovever, present in many parte of the
dead~ice woraine in Logan Coumty, They ave simsous to straight ridges
thet averape about 15 feet high and less than one-half =ile long.

Poorly= to wellsdeveloped civeulay disimtegretion ridges are
scatzered through wuch of the dead-ice soraine in porthern Logan County.
These faatures have also bdecn referred o asn *‘éwsh:ma"hy@w‘
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and Kupsch (1959, p. 52) and Stalker (1960a, fig. 3c) snd "rim ridges”
of "plains platesy” by Stalker (1960a, p. 9-11). They sverage 500
feet in dismster and about 15 feet high (fig. 7). Meny circulas
disiotegration ridges ave breached ia’two places on opposite sides
of the circle, Tiwee have been called "broken vim vidges“ by Stalker
(1960a, pl. 10) and have been colloquially referved 2o as “puckered
lipe" by workers beve in ¥orth Dakota,

In Logen {owaty, mo evidence vas found for or ageinst Hoppe's
(1952) snd Stalker's (1960a) subglacial “ice pressing” theory for the
origin of disintegration ridges. One of Stalker's srguments agaicet
a superglacial origin of the drift in the ridges is the "smell scount
of material within ¢he upper sonss” of ice sheets, As will be shosxn
in the section on superglacial till, however, there is definite evidence
that large amounts of till weve present on top of the stagnant late
Wisconsin fce in Logan County.

Graveasor®s (1935, p. 479+478) theory on the origin of cirvcular
disintegration vidges (“doughnuts") is dependent on the presence of
fairly abundant superglacial drife, Pivet, large boles form in the
ice by the collapse of "solution” cavities (forming sinkholes) oz by
the irregular imsulstion or irregulariy distributed superglacisl drife
(f1g. 8a and b), This drift them slides into the holes (fig. 8¢), end,
as welting continues, the topography is inverted (fig. 8d). 7This is
ceused by the greater insulating affeect of the thicker drift in tha
bottome of the holes, Finslly, the cones of fce under the former
bottoms of the sinkholes melt, leaving the depressious in the center




FICURE 7, --Profile scross tniml a:.mh:r disintegration ridge.
Scale in fest. 0.5 mile south of the northeast cornmer of
ssc. 18, Y. 133 N., B, 67 W,

FIGURE 8.~ M&in of circulaer &:luimmntn rmgu Modified
from Cravenor, 1955, fig. 2.
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, of the circular disintegration ridges _,am»m. 8¢). 1Ia 13901, Rwssell
(. 115-116) observed circular ridges being fomsed by this same process
on the stagnant parz of Malsspina Glacigr in Alaska. These cirvculsr

! ridges are appareatly fdentical to the circular disintegration ridges

~ of Alberta, Saskatchewan, and North Dakota, Thus, it seeme move

w probable thet the circular disintegretion ridges of Logan County vers
 formed from superglacisl drift rather tham subglacial drifr,

c Eettles.--A kattle is 2 depression that vas formed by the malting
| of o buried block of glacial ice. e of the depressions in desdeice

| movaing are hettles. Ioatead, they are random deprassions formed by

the irregulaz collapse of drift from a sisgle large smes of stagnant
ice, Desdeice morvaine in Logan County, however, contains many sore
kettles then end moraine,

. Ice-contact cutwash landfovws

The iceecomtact outwssh landforms in the lHissouri Coteau part of
the county iaclude collapsed outwash topogvaphy, ice-walled outwsah
plaine, outwash disintegration ridges, cskers, kames, kaue torrvecss,
and kettles. _

Collapend oucwash togposraphy.--Collapsed outwash topogrephy was
formed during the welting of stagoant ice on which a superglacial outwash
plain or 3«3 tvain bad besn deposited. Collapeed cutwash topegraphy
i3 here defined as having less than 50 percent of irs svea flac and
uncollapsed. This landform is eimilar ¢o the coliapsed outusah topography
deseribed by Flint (1933, p. 106), Tipton (1958), and Steocs {1957); the |
“dead~ice keme moraine” described by Bayveck (1938, p. 0); the “pitted

rllm



&b
outwash of . . . extrens type” described by Thwaites (1939, p. 47); end

| the "kame complex" descrived by Christianeen (19597 p. 15). Same of
the collapsed walley tr.ins in logen County resemble some of the Irish
“sakers” descrided by Flist (1930). 4
Collapred outwash and dead-ice morsine have nearly idemtical

topography. They are differentiated by their lichology. Coellapsed
cutuwash topography can sometimes be distinguished on air photos by ics
iight tome 3nd the presence of nn.ﬂgu Ma:nwgabw gillien alomg the
stoeper slopes, Soms collapsed valley traina alsc have & sevies of
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subparallel disictegrazion ridges and cskers associsted with theas.
Collapssd outwash topography is distinguished from outwash plain by its
higher local zelief sud mumerous undrained g@ng. Gravity faults
are comwn in collspsed outwash snd sbeent in uncollapssd outwash.

A velldeveloped emample of @ collapsed valley train 1s present
in T, 134 N., R, 70 4, It comslats of & series of shor:t irvegelar
u??%ng % which have a pottern that suggests that they are
let=doun § gw deposits. Associated eskors weve probably
forzed by subglacial streans {lowing bensath the superglacial walley
train. g%ﬁ%méﬁtﬁﬁg aloping
zeltwater channel at the contact between the deade-ice moraine and the
Burusted end covaine,

lee-contact outymab plain.--At the sast edge of the south loop of
the Streeter wovaine is & smell, fairly flat outvash plain that fe elevated
above the desdeice mowaine to the south, cast, and north, The plain was
apperently deposited in cootact with stagoant ixe.
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Pigintenpation ridaee.~~Jutvash disintegration ridges differ from

t111 disintegration ridges only in composition. The most common type
x of outwash disiategration ridge is crevasse filling (Fline, 1957, p. 130).
Outwash disiotegration vidges are distisguished from eshers by their

. lesser sinuoeity,

S8hoxn.~~in exlier is a sinvous Tidge of outwmsh sand sud gravel

m that vas depoeited by s wmeltwater stream floving in a subglacial,

m,, snglacial, or superglacial channel thet was lavgely cut by the stream

iteeif, Thus, 3 crevemse £illing is not an esker becsuee the channel wes
ﬂ not largely etreem cut; the stream that deposited & crevesse £1lling

flowed in a relatively strsight rather then a sinuouvs channsl.
Fow good euemples of eskers exist in the Missouwi Cotean part of
northern Logen County. Most of those thet are present are less thanm &

' balf mile long and are not easily distinguished from sutvash disiategration

© vidges, The best example in the sres mapped is the slmous ridge in the
_ collapsed valley txsein in sec, 8, T. 134 8., R. 70 ¥,

Kapep.~-4 hane {s & prominent and comspicuvous hill of fes-contasct
outwash sand and gravel. Thuse, io dead-ice sorainme or colliapsed outwash
topography, sny hill of outwash that is about the sase size and shape as
ad jacent bills i3 not a kame.

Only a few bhills of send and gravel in the Missouri Coceau past of
norzhern Logan County were considered prominent senough to de called komes.

‘ The one in T. 136 B,, R, 69 #,, may have boen & delts st the mwrth edge

of an ice~salled laks. The six kames on the west edge of the south loop
of the Strester moraine are cone shaped and sbout 30 feet high.




EEPRACES. = e tervece g o tewvace of dfcg-contact cutuash

sand and gravel that was depositsd betwesn stagnant ice and the side of

& hill or walley. The kame terrace on the north side of the intexlobate
morsine between the middle and south loope of the Streeter movaine 1
continuous with the floox of the meltwuter chenmel tomediately to the
west, indieating that the terrace was the floor of 2 .Bawﬁ&ga channe 1
that had stagnan:t fce as ite north wall. This terwace is disected by
several postzlacial gullies which contain oua of the larpest stands

of vative trvees in the coumty.

Rame tervaces on the dietal slope of the interiobe par: of the
Strester are less prominemt than those on the novth gide of the imterlobe.
They indicate that this steeper part of the discal margin of the Sereeter
wags forwed in direct contact with 3 mase of stagant Burnstaed ics,

Eegtlag. ~-Kettles in the pitted snd collapsed outwash in northern
Jogen County avre nearly idemtical to thoss in t£ill, except that they
usually bavs stesper sides, probably because watevesaturated till flows
easiar than outwash,

Icascontact lake sediment landforms

Iee~valied leke plaing. ~~Jes-walled lake plains are sleveted sress
of smooth and nearly flat topography underlain by horisoutally bedded
silt and clay that were deposited in s glacisl lake thet was move than
half wvalled by stagneot glacial fee. The only kuown previous descripe
tions of similer festures in North Ausrica ave those of Stalker (1960s,
p. 3, pl. 12; 1960b, p. 31-33), who celled them ‘moraive platesux,’
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These featuros ave different frow the “moraine plateavs™ that weve fiwst
described by Hoppa (1932, p. 5); the ovigimal “movaine platesus™” ars
composed of till amd evidentelly have no associated lske sediment. The
"moveioe platesus” described by Graveuor and Rupsch (1959, p. 50-51)
are couposed of till, but soms bave a thin cover {2 to 10 feet) of lake
sedinent,

Though they are variable, ice-wsllad lake pleins ave s distinctive
landfors that 13 one of the most characteristic etagnetion features of
the Hissouri Cotesu in logan County., They are 13 to 30 fest above the
low avees in the surrounding Gead-ice meraine, and hsve mergine that azc
outsmrd aloping ico-contact faces, Some have a rim of lake sediment,
outwagh, or till arouwnd their owrgins. 7The rims which are 3 type of
disintogratcion vidge, say have besn originated by mes sovements of drifc
from the adjscent ica well or by the squesesing of drift up frow bemeath
the ice well {see mmber 5 and 6 in the section on the origin of disinge-
gration ridges). Host of the platos ave gently sloping avay from the
marging toward the center, and a fow ars pitted with kettles. Some have
saad and gravel along paves of their vargins, probebly mesr Jovewr inlets.
The bedding ot the mavyine is generally faulted bdecause of collapse during
melting of the ice wall., Emacples of well developed ice-walled labke
plains ave stown in figure 9. The highest ice-walled lake plain in
novchern Logan County is in che portheass cormer of T, 136 H,, R, 80 U, It
is a butts-sheped hill, the top of which f{e move these 9 feet cbowa adiscent
depressions; the hill has at lesst 75 fest of horisontally stzacified clay
exposed ia the voad cut dowm its south side. Deposits of strutifisd sand,



FICURE 9,~-Cross sections through ice-walled lake plains. a. Along
the north edge of see. 12, T, 134 H., B. 70 W., and sec. 7,
T, 134 N., B, 69 %, b, Along the north edge of sec. 15 and

16, T. 133 H., R. 71 W, Scale in feet.
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gravel, and lake clay end silt exposed in a pit en the notth stide of
thia hill sre cut by mumerous gravity fauits., This is probably the
same bill which Todd (1896, p. 39) described as “presenting the ususual
éf»muﬁnfm-moémuﬂmmmhkabﬂaamu.”

The icowmliled lake plains of sorthern Logan County ave pwoof of
ths esistence of masses of etagmant ice that were at least 2 miles
acrose. The slevaced position of the piains could not have been caused
by erosion of surrounding drift because the nonistegrated drainage
indicates that postglaciel erosion on the Cotsau has been very slighe.

The origin of the bolas in the stegnant ice that held these lakes
is unknown., Ko e¢vidence was observed, however, that would suggest that
they wore the resule of say process other than random irvegular meltiog
caused by an irregular comcentration of crevasses sod drift on the sure
face of the ice, |

lake-seifment topography of high relief.--The features mapped as
lshe-sediment topogvephy of high velief arve similar to and grasdacioaal
with fcewalled labe plaine; they are, howewsr, less smsoth, have more
sndrained depressions, have higher local relief (as much as’ 75 feet),
axd have lese well-developed Dondering ice-contact faces. Their origin
is similar to that of the ice-~willed lake plaine excapt that they are
underlain by loke sedismnt that was deposited on top of stagnunt ice
and was let down and collapsed when the ice melted or else arve underiain
by lake sediment that is 8o thin that it fails to mesk the underiying

- moraine topogrsphy completaly,
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Ico-walled meltwscer channels

The dest cusmple of ice-walled chanmels in northern Logun Coumty
are those in ses, 11, T. 135 8,, R, 67 ¥. Thess chesmels ere asbout 100
feet vide, about 10 feet deep, and heve & polygonal pettern. This
mﬁammyhmwtafmﬂwmgumm&w in
stagnant ice, mmhofamwmltMemamw
been fce-walled wes previously discussad in the section on partly buried
channels. Ieswsalled chammels are a less important stagnation Ceature
in Logen Coumty than they are ia some parts of the Praivie Provinces
{Gravenor and Rupsch, 1939, p., 55-56).

Proglacial landforas recognised iu the Coteau psrt of northern
logan County are outwash plains, pitted outussh plain, lake-rodificd
till topography, uwrestzicted meltuater chanuels, and msltwater chaonel
terraces.

Qutyash plaig.-~There is only ove lavge unpiited outwash plain in
the Coteau part of northern Logsa County. this outwash plain, which is
weet of the novth and middle loops of the Screeter woraine, is very
flat, baviag in coot aveas less than 2 feet of local velief. Tha relief
that doss exiet is the result of a braided metwork of shellow meltwater
chagnels vhich s obvious only on air plotos. These channels say heve
been partly filled with wind-blown sediment. Local relief incresses to
several fest at the edge of the Strecter movaine. The plain i3 underlain
by outwash that varies from coarse gravel adjacent to the woraine to wvesy
fine sand and silt at the uorthwes: edge, According to Psulsom (1952,
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[ p. 22 end 43), the cutwash is st least 65 feet thick and probably

Pitced outwash plein,--A pitted cutwash plain is here Jefined

of its aves collapeed or pitted with kettles. In contrast, the
| festure mepped &s collapeed cutwash toposraphy has uore tham 30 percent

of ite srea collapsed. Only one smll arse, wost of the Streetey

woraine, has been mapped as pitted outwash plain., It is comt -

and gradational with the unpitted outuash plain to the north and the
collapsed outwash topogeaphy to the southeast. It is pitted with
kettles that are soveral feet deep and up to 2 thousand feet across,

laiw-modified till toponraphy,--About 10 squere miles of the
northecentral part of the county has been mapped as lake-sodified till
topogrephy. It differs fros the adjecent dead-ice moraine in hewing
ouly about 10 feet of local velief and in dbeing at, or alightly below,
1900 feot elevation., The dead-ice morsioe bas such higher relief and
is above 190G fest. The lake-twdified topography is underlain by
till and lesser soounis of lake sedimemc, sand, avd gravel. In seoy
places these gsedizents are contorted and intevmined.

Altbough this azea is underlain by move till than any other

sediment, it is not believed to be morainea. Rather, ita topograply
probably the result of wave action by a lake, hevein referred to es
ancestrel Alkaline Lake, This lake is aﬁlm after moders Alkaline Leke,
just north of the Logan County bordsr in southbesstern Kidder Coumty.
Ancestzal Alkaline Lake, which was probably st or elighetly below 1300
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foet in eolevetion, covered about 40 square miles and hed its outlet near

the porth sud of presemt-day Alkaline lake (fig. 10),

The southern part of the srea that vas modified by ancestral
Alkaline Lake is pitted by numerous shallow kectles. FHone bave besu
filled in with lske sediment, indicsting that encestral Alkaline lake
uas drained before sll the blocks of stagmant ice inm its southern and
bed melted. The lake was dreined when the outlet was cut by escaping
asltwater or when the last ice welted from the ares morth of present
day Alkaline lake, After the lake diseppesred, the oukvash plain west
of the Streeter woraioe was built out over tiw former lake bottow.

The relative scarcity of .g sedivent underlying the lake-modified
topography and the abesence of soy scrend lines »u&»wﬂnos that the lake
was shortelived., It therefore seems probable that wave eérosicn and lake
sediment deposition are not the ouly causes of the flatness of the
topography. leveling by flowage of water-saturated supevrglacial ¢ill
from blocks of ice in and surrounding the lake might have been an
important factor,

Dncestristod neltuater chuonels.~-In the dead-ice moraine of the
Missouri Cotenu part of oortherm Logan County meltweter chapnels that

wvere unvestricted by iee are nearly nonexistent; ineteed, most melte
water channels in the Cotesu are cut through end movsive. MNosg of
the meltwater channels that did exist in the area of dead-ice vere cut
into ice, vhich Hhas since melted,

Meltwater channel terraces.--Terraces are present along the
meltsater channel through the Durnstad woraine north of Napoleon, They
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sre underlain by outwsak sand and srevel deposited by s weltwater stresm
that vas adout 2000 feet wide. This cutwash was later emtrenched about
3¢ feet by a smaller meltwster strean, The tarraces and meltwater
channel arz tevainated upstream near minor recessicnal ridges in the
Burnstsd end moraine; appsrently the channel and terraces wers forumd
m, vhen the active ics froot was at this position, The cauee of the
entrenching is unkoown, though it may have been releted to lowering of

the Burnetad fee surface or & sudden dowmcutting of the meltwater

s
gL

channol west of Napoison as the seltwater cut through resistent ¥ox
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in the Cotean part of norchern Logan County too little informaction

B 1s available on which to reconscruct the bedrock topography. East of
the FPresh lake movsine the bedrock surface 12 burvied ﬁ&mu an average
.\ of about 300 feet of drife, and in woet places west of the Presh Lake

woraine it ie probably lesa than 100 feet below the present surface,

o . BRSO i N
5

Fonsorted polygons as .anni by Washbuzn (1956, p. 831-832), ave
ecoommon in uncultivated parts of Logan County. They have little or no
surface expression and are best seen in freshly gyaded dicch bamke that
huve 8 low slope angle (fig. 1li). They have been observed in till and
lake gilt, in well drained arcas, such as hill sides or on hill topa.
The polygous are 2 to 5 fest in dismeter and generslly form a well
defined net, ?gagw?gngﬁom«ivo@?mu%gw




FIGURE 1l.--Field sketch of nonsorted polygons in mep view. 0.7
mile north of the southeast corner of sec. 9, T. 135 N.,
" 71 ‘Hl
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of the srea, and their margine are composed of wedges of a dark,
chod material zzhat is apparsstly the saxe as the surface soil. This
ge of marginal omterial extende about 2 feet below the suriace.
‘!—hl»pclygom probably formed by surface soil falling into
ﬁtieutm ar possibly tespersture-contraction cracks in the ground,
[ ¥he presence of soil in the margins indicates that they are mot frigide
: climste features, but formed in & relatively mild climmte, probably ia
. selatively recent time, Similar feacurse were obeerved in Seskatchewan
by Christiansen (1939, p. 23-25).




- STRATICRAPHIC URIYS
The foramlly mamed surface stratigrephic units of northern
logasn County include the Upper Cretacecus Plerrs Shale, the Napoleca

© prift of the lower part of cthe Wisconsin Stage (7) and the long lake
spd Burustad Doifets of the wper part of the Wisconein Stage. Also
present ave undiffeventisted Upper Cretaceous sand, ssndstone, and
mdatone, Upper Cretaseous or Cemogoic vosidual chert stooes, an
unnaned subsiiisconsin (?) drift, and Wiseconsin and Recent pestglacial
sediments. (Ses fig. 12.)

Upper Cretaceous Series

Riecxe Shale

The Plerre Shale, which underlies the emtire coomty, is an Upper
Cretacecus marine fommation that is composed of about 1000 feet of
dark gray te black shale, vhich fa fissile or has s thin blocky fracture.
Its comtact with the overlying formatiom is conformable and gradational.
Fo ocutcrops of Plerre wers observed in logan County; in the weetern
balf of the coumty it is covered by younger vrocks, and in the easters
half it 1e Mly buried under glacial drift., Somll chips of shale
 from the Piorre are comson in the drift in all of Logen County.

The interbedded sand, ssodatone, and mudstone in the western part
~of Logsn County have been assigued to che Fox Hille Formetion by Haneen
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(1950). However, the validity of chis assigmeent and cven tiwe validiey
of Fou Bills as a rockwstratigraphic unit ia this area i3 questionable,
The contact of the Fox Bills with any overlying formation (possible
the Rell Croek) fs difficult to place because of the lack of abundant
miterops. Apparently rocks ebove the Fox Hills do exist {n Logan
ﬁmtymwmﬁmu higher elevations then the asndstone
bed (in the novtivmst quarter of T, 1395 K., B. 73 ¥.) that Fisher (1932,
pe 13-14) thought is at the top of the Fox Rills Formation, and because
Ignite, vhich appavently is abssut in the Fox Rills Formation (Fisher,
1952, p. 10 and 13), has been repovced “south of Napoleon” by Todd
{1896, p. 5a).

The unconsclidated medive~ to finee-grained protoquartsitie
(Pettijohn, 1937, table 48) sand in the western part of sevthern Logsn
County is yellow, brows, or orange (57 to R0VR S to 7/4 to 5) when dey.
Itz gesins sre subvounded te subanguler end are well samé-d. In places
it coutains reddieh sandstome concretiona, |

The fiom-grained sandstone of northwestern loges Uounty 48 gray,
brovm, or ovaage (5Y to 1078 § to 6/2 eo §) whem dvy., The grains ave
subrounded. Moot of chis sandetone i3 ealcite cecented and has 1 to
2 inch bedding. Nearly all of che samdstone observed is in the norTthe
west quarter of T, 135 No, R, 73 ¥, 1t is part of & vesistent 10-foot
bed, which is at about 2000 fest elevation and s underlain by uncomsolie
dated sand. This sandstone bed is consideved by Fisher (19352, p. 13) o
be the top of the "Fox Hills" Formation. Beneom (1932, ﬁ. 32) thought
it is equivalent to the Colgate Member of the Fox Hilla.

!




62

The mudetome in the porthwestern part of Logan County is gray,
yellow, or orangs (5% so 10YR § to 7/2 to &) when dry, is noacalcareous,
and has U.1 to 2 inch baddmg, The more massive mudatone generally has
a blocky fractuve.

Bo bedrock mcro-fossils have been found in place ia northern
Logan County. Voseil wood at many outcrops snd fragmenta of oyster
shells in till above mdstone in the REYMY sec. 16, T. 135 N., R. 71
W., however, are probably m far from their source, The foramimiferide

yellowish silt at the base of the road cut in the northwest corner of

loa sp., and Bounion sp, were foumd in the

seec, 20, U, 136 R., B, 72 W,, by Kent A Madenuald (persomal commmication},

Upper Cretaceous or Cenosoic

Boulders, cobbles, and pebbles of a distinctive sandy chert make
uvp 1 o 10 pevrcent of the stones in and ou the drifv fa the westeen half
of Logan County. Accoyding to Booneville (1261b, p. 45), they co&titute
éﬁ» percent of the evrvatice in T, 133 B., BR. 71 W., in southwestern Logan
County.

In hand~specimens the tock is a light to sedium grayish, yellowish,
or veddish-brown chert with inconspicunis but abundant graine of detrital
quarts and sumerous molds of plant stews. The stems wevre 1 o 10 mm in
diavoter andi appear to have had several irregular lesgitudimsl grocves,
One chert upeaimn containg 2 wold of the interior of a small limpets
shaped gascropod. The surface of the rock i mnf; swooth amd highly




a3
polished. The metrix and detrital greins are of equai hardness;
fractuzes cut through the greins vather than around thewm.

In thinwsection the detrital quart: zraine are more counspicuous.
They are uoﬁnnanww subangular, though a fev are rounded, sud they vary
from 0.0 o 0.3 mm but sversge about 0,1 om im dismetexr (very fime
sand). Most of the graivs comsist of a single, clesr quartz cxystal,
but 2 fow are composed of an aggrepute of sanller quarte crystals.

The quarte graine compriee about 20 to 50 percent of the thinesection
area and are floating in the macrix, A smell peveantage of sircea
graine is alao present,

The marrix of the sandy chert is silcrocryatalline quarez with
an svorsge grais diameter of about 0.01 mum. It has 8 cloudy or dusty
appearance, which is due to wany minute inelusions, and has an undulose
extinetion, Ho fibrous aou&a&g%.& amorphous 2_,3, was seen in
thin=-section, nor was any evidence of secondary growth (such as quarta
crystals projecting into cavities) ov replacement cbserved,

The origin of the sandy chert is unkomm, 7The chert seems <o be
identical to some types of avo!&o;éﬁuwuwgz gw&& by Russow snvd
others (1934, p. 30), “quartzitic sandstome’ described by Laivd and
Micchell (1942, p. 22), and “silicified sandstone” described by Benson
{1952, p. 35-58; 1954, p. 14). These rocks have generally been thought
o be of secondary ovigin. BRussow and othevs (1956, p. 39) thought thet
“pseudo-guartgite” is 3 surface phemomenon caused by the deposition of
silica at the surface by svaporstion of upward moving silica<bearing
ground water, Be pointed out that “psewdo-quartzite” has pevexr been
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reported from any wells in the area. Benson {1952, p. 57-58), bowewes,
_ sald that it has been penetvated by some water wells in many pavta of
wegtern Horth Dakota and belleved chat silicification occurved shortly
aftex deposition.

The presence of detrital quarts sand floating in a finer microcryse
talline quarts metrix indicates thet the sandy cherzt in logan Cousty is
oot an ovdisary silica-cemented sandstone; inatead, the 9ilica either |
replaced an carlier matrix or is primavy. However, wo evidence for
replacement was found, and the presence of plant stem molds with 2 complete
abseuce of any secondary fillings in them suggests that primery eilics was
dapositad around the plant asteas and was at least partiy iichifled before
the stame decouposed.

The stratizvaphic source of the sandy chort stomes in Logan County
iz also unkoown., Todd (1896, p. 32 a:nd 56) thought that chey cams from
lnyum in the local "Pox Hills” sandetome, In a fooinote {p. 32}, however,
he Quted that the rock came from beds that, "“as has aow been discovered,
balong to the Textiary, probsbly to the lower portion of the Loup Fork
formation.” The “lower portics of the Lowp Fork formstion” is the presomt
Avikavee Formation (Miocene) of Mei Dakota, “Paeudo-guarcsice’ in
southwestern Horth Dakota has been thought to come from the Faleoceme Tomgue

River Formation by Tiedale (1941, p. 13-14), laird and Mitchel (1942, p. 22),

and Bensom (1934, p. 14), from the Socene Golden Valley Pormstion by
Benson (1954, p. 14), and Buseom and others (1954, p. A1), snd from the
Cligocane White River Formation by Zussom (1956, p. 36) and G. 3. Carlson
{personal commmication). 411 of these formations are sommerine. The
rock seems seldom to have been seen in place.



Three possible stratigraphic sources of the chert in Logen

. County ave: (1) glacial ervatice from beds below the “Fox Hills" to
the north and sast, (2) float from the local bedrvock, and (3) reaidual
‘stonsa mn.en previously existing beds above the ''Fox Hills"” Formatiom.
The fizet can be excluded bocause so sandy chert has been found in

the aress of outerop on beds below the "Pox Hills" in Stutsses County
{R. A. Winters, personal commnication) or eaatern logsn County. The
second ggnm»nw is strongly supported by the mear coincidence of

the eastern limit of chert stones and the sastern limit of "Fox Hills"
outerops. This, however, mey not be sigsificent; i: seems unlikely
that such so uncoumon lithology as sandy chert with sumerous plant

stem impressions would be found in beth the sarine Cretaceous formations
and the continental lower Cenozoic formsticns of North Dakota. Neverthee
less, float frow local beds is the wost likely scurce of the chert in
niﬁcgsgn&%uﬁgmgnwég it mekes up most of
the surface nnrnit.

The last suggestdd possibility, residusl stones from previcusly
existing beds, scens the most probable source of the chert stones i
énﬂggﬁ all of the formations mey have thimned to the
cast, and only e few tens or hundreds of feet of rock need to have been
eroded to let down the chert from pre-existing nonusrine beds.

Pleistocene Seviss

The only established divisions of the Plajstocene Series that are
spplicable in Logsa County are the Wisconsin and Recent Stages. Sube
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Wieconsin drift probsbly exists, but it is not known to vhat stage it

. balongs. The “classic™ divisions of the Wiscomein Stage are inupplicable
in North Dakota bdeceuse they are in part besed on local lithostratigraphic
and ggngngub units that are ussful only within & singie glacial

Wiscousin Stage divisions similar to those propoeed by Frye snd
Willaen (1960) or Dreimenis (1960) ave ot as deteiled and may be move

| usesble. Norve radiocarbon dstes are nesded in North Daketa, bowewer,

before it can be determined to which subesage msny of the dzifis near

“,M 3 the substage boundaries belong. An slternative to Frye and Willumn's

and Dreimanis’ classificatious {» Kerlstrowm's (1961, p. 296) suggeeted
peturn o the use of lowan and Wisconsin as stages of equal rank. None
of these Wisconsin claseifications is used in this report, however,
because none of them is in general usege st the present time and the sge
of only s smlil part of the drift in North Dekota is accurstely hnomm.
(See £1g. 13.)

Geologis-time texminology

Geologic-time tematnology directly parallels time-stratigvaphic
terminology, Thorefore, the only divisions of the Pleistocene Zpoch
which are applicable in logan g are the Wisconsin and Recent Ages.

The American Commission on Stratigrsphic Nomenclature {1961, art,
39-40) hes suggestsd that in areas of coutinental glacistion the
Plefstocane Bpoch bde divided into gwologic-climete units, which are
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time transgressive, ratber than into geologic-timm units, which are
isochronous. This would solve soms nomeaclature problems. For i(nstance,

| 1t might oot be knows whether & drift vas deposited at the end of the Two
W - Creeks Subage or at the begimning of the Valdevrs Subage. 1f geologice
 climste nomenclature were used, the drift would be assigned to the
Valders Stage.

Difficulries ave encountered, however, when an attempt is made to
put geologic-climete terminology into practical use. Time is isochronous;
time~transgressive time is 30_ a useful coucept., 4 hypothstical exsaple
of a geologic~climave classification diagram fs givem in figurve 14, “A"
and "C" ave glaciations, and 3" is en loterglaciation. Sediment deposited

© ax time and place "x" would be considered to have boen deposited during

interstade e wheress the sediment deposited at the same time but at
place "y would be considered to have been depowited during interglaciation
“B" because it is between drifts deposited during glaciations " amd “C."
Suring this time, however, drift was being deposited in sress to the north
and in higher areas to the south during glaciastion "C."” It can thevefore
be seen that variations in local climate conditioms in a northe-south
dirvection can result in a complex shaped geologiceclimate diagram. Complex
variatiops in climste and vresulting variations in depositiounsl conditiouns
also occur in an east-west divection and in 8 vertical dirvection, vesulting
in the necessity for much more covplex three-dimensiousl and fouz-dimessional
geologle~climate diagrans and ,3&. impractical strstigraphic nomenclature.
The simpler tims-stratigraphic nomenclature, which has been successfully
used in pre~Pleistocens stratigruphy and has only one dimsunsicnestime, is
much wovs weful,




Time —>»

Norfh <—>» South

FIGURE 14.--Hypothetical geologic climmte diagrem. A and C are
glaciations, 2% is an interglaciation., e is an interstadial.
% and y ave specific locations.
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Furthetwors, eo little »u vet koown about North Dakota glacisl
strxatigraphy that a formel geologic clismte clsssification of the
Wisconein auha»,nnng {or Stage) would have little value at the presemt
time. Bafore a more detailed tims-stratigraphic or geologic-climate
terminology will be useful in Horth Dakots, it is necessary that a
system of lithostratigrephic or sorphoastratigraphic terminology be
sstablished; this terminology will be the basis for later synthesss
of regional geologic history and for the comstruction of s practical

tims-stratigraphie terminology.

Foue of the drifte described below is & lithostratigraphic wnit
as defined by the American Coumisston on Stratigraphic Homsnclature
{1961, arc, .5.. The subeNMapoleon drifc is too local 2o be asuy kind of
formal can&ug»ﬂ unit. Nor ave the Repoleon, Long Lake, and Bursstad
Drifte lithostratigraphic units becsuse they heve buen recognised solely
by their topographic form amd geographic poeition. According to the
nguu»ﬂa (art. 4}, "primary surface form .o may be a factor in
the definition of & lichostratigraphic unit, but should de subsidiary
to the character of the rock itself.” The Rapoleon, Long Lake, and
Burnetsd Drifts are move pearly wmorphostratigraphic units as defined
by Frye aod Willsman (1960, p. 7~8). According to them, a movphostratie-
graphic unit i3 a "body of vock that is identified primarily frow the
surface form it displays,™” and “consists of the end woraine, ground
worsine, and the contimuation of the natural unit in subsurfece vheve
recognisable.”
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This definigion, however, wmust be modified for use in the preasnt
study. ‘Moraine” is best used as a geomorphic term rether them as a
stratigraphic or lithologic tevm; a morphostyatigrephic unit should theres

©  fore contain “till of mworains” vather than "sereine.” Furthermore, Frye
~ and Willoan's definition excludes all asssociated weshed drift and the till

of associated minor recessional gg and dead~ice moraine., 4

48 & body of sediment that {s identified by its surface forwm and position

snd consists of che till of the end moraine, sssociated minor recessionals,
ground soraine, desdvice moraine, sssociated lake sediment and outwash,
and sssociated subsurface drift. Thus, the outwash in fyout of the
Burnstad moraing and derived from the glaclial ice that deposited the
Burnstad sovaine is eonsidered part of the Durmstad Drift.

Sub-Hepoleon dyift.~-T1ll believed to be older than the lower
Hisconsin Rapoleon Drift wes found at omnly one place wﬁ«ggﬂngmsnm
of Logen County. It is in a 25 foot road cut in the ovrethwest corner

of sec, 20, T, 136 N., R, 72 W., 5 miles north of Nepoleon. Becmse the
road cut ie partly covered with £i1l, relationships between the meterials
in the ecxposure are incosplacely g The till at the base of the
exposure is yellowish gray (3% 7/2) g dry, is fairly well comsolidated,
and hes muserous widely spaced joints that ave as much a3 10 feet long
and are bordared on either satde by a 1 inch ivon and meuganese oxide
stained zone, This till is 5 feet or more thick. I rvests on a




yellowish silt that s believed to be part of the Fox Bills Formation,
The till, ia turn, is overlain by about a foot of cosrse sravel that

1s stained with ivon owide. This gravel is overlain by about 20 feet
| of Napoleon and Durssted till and outwssh.

The till at the base of the exposure is thought to be sub-iéiscomsin
bacause it differs greatly from all other till im worthern Logan County
. in being comsolidated and baving long joints with iron and menganese
_oside-stained sones. Flint (1955, p. 31-32) thought thaz thess joints
| are important distinguishing characteristics of sub-iisconsintills in
South Dekwta., Other drifte that mey belong to a subeiisconsin stage
are the jointed till anmd iron oxideecomented outwash in southern Logan
County (Boumevills, 1961, p. 27-38) snd the "older drift” obeerved in
drill bolen in the Strester ares (Paulson, 1952, p. 26~29).

Lithology
The lithologiss of the three Wiisconsin mnhﬁn drifta, the Hapoleom,
Long Lake, and Butnstad, are very similar, The tiil iz lizht olive gray

{3¥ 3/2) vhen dry and contains about equal amounts of clay, eilt, aml

sand, and about 3 percent pebbles, cobbles, amd boulders. Pebble lithology
and source, based on twenty five wg %.5&3« is shown in table 2,
Winters (1960, p. 52) obsexved that datk igneous rocks ave about half as
sbundant in che surface till in the Jamestown area in Stutsumn Coumy

as they are in Logsn County. Ke also indicated that shale is leass
abundant there, but he may bave used different methods of estinmting

its amount. 3bele coutent of sorthern Logen County till wvas datermined




Table 2.--Approximste composition and source of pebbles from till
of the Napoleon, Leong Lake, and Burnsted Drifts, in northemn
Logan County.

50

Shale Fierre, local acd easterm
North Dakota
Limestone and dolomite Paleozoic, Manitoba 23
Dark, fine-grained Canadian Shisld 10
Light-eoloné, coarse~ Canadisn Shield 0
graimed igneous and ‘
Siliceous rocks local; Paleozoicz, Manitoba; 5
and Canadian Shield
Mudstone Fox Hills and Plerve 5
coucrations, local and
) , CARLeEN NOTER . NANOCH )
Dark, coarse-grained Cansdien Shield
igneous rvocks
Sandstone ru'llﬂ.b, wastern part
of Logan County
Lignite (2) Northeast or worth of Logan
Comty
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by wet sieviog all pebbles from sasples of till; pebble counts msde at

clean till sxposures in the field usvally result in too low ﬂ-g for
. fissile shate.

Irregular concentration of {rom oxide and calcium cerbonste below
the 4 soil aome gives the till a oottled appearsnce. In some places

%n»wngggagggggnﬁg

acroas. The surface till e poorly consolidsted and is unjointed or

' hes very poerly developed irrvegular jointe.

Approzimate surfece boulder and cobble lithology and sourece, based

on several fisld estismtione, {s shown in table 3.

Hany of the dark, fine-grained ignecus vocks have 1 to 2 inech
vosiclea. Lineatons and dolomite cobbles and boulders are over fouy

nggggnggnggunamgnggwgag

are in Logan County (Winters, 1960, p. 55). This might be partly the
result of logan County's greater distance from the source sree in Hanitoba,
In some aroas, such as eec. 7, and 8§, T, 13¢ H., R. 73 4., wany of the
doulders have heen polished smd etched by wind-blown sand. a&aﬁﬁa
wore than S feet in dismmter are zare. bMost of the largest onee have
their u»mat polished about 3 feet tgs the ground and are surrounded
by 1 to 3 foot depressions; they were used by bison as vubbing stomes
{see 3ctalker, 1958, p. 12). |

Outwash (used in this report to mean washed glacial drift deposited
by meltwater streams) wnderliying the flat outwash plaine varies from
coarss, poorly-sorted gravel adjacent to the end wovaines to well-sorted
fine sand & few miles sway from the end moraines, The high relief ocutwash




Table 3,--Approximate composition snd source of surfsce boulders and
cobbles in northern Logan County.

Pexcentage

Light-colored, coarse- Cunadian Shield 75
grained igneocus aund
Derk, fine-grained Canadian Shield 20
igueous rocks
Limestone and dolomite Paleogoic, Manitoba ’ S
Dark, coarse-grained Cansdian Shield 5
igneous rocks
$ilicous rocks Locsl; Paleomoic, Manitoba; S
Canadian Shield
Sandstone Fox Bills, westeru Logan ‘ 1
s
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near Hapoleon and the collapsed outunsh of the Cotean has mwore variatiom
within shorter distances. The lithology of outwash pebbles is similar
to that of the surface n..»....n,« except that shale waries from less than
1 pereent to seerly 30 percent. The outwash of northemm logan County

seldon contains the large amount of shale that is 30 ¢ommon in the

outwash east of the Coteau,
Sediments of ijcer~comtact lakes are largely light yellowish brown

ailt, Darker clay and f£inm sand are less abundant. Most of the lake

sedioents sre hovisontally stratified, with individual beds s fraction
of an inch thick, but near ice~contsct faces the bedding i3 folded,
diatorted, apd faulted., lake Nepoleon sediment is davk, poorly stratis
£ied clay. Ho varves weve idencified in any of the lake sediments io
northern Logan County, ,

Hepoleon Drift |

The Napoleon Drift, whick is thought te belong to the lower part
of the Wisconsin Stage, ves observed only in that part of Logan County
west of the Missouri Cotesu. The naae “Nepoleon drift” was first veed
faformaily ia southers Logsn County by Bomnaville (196la, p. 6; 1961b,
Pe 26). |

Hame apd defipition.--The Wapoleom Drift is bere defined as a
sorphostratigraphic unit consisting of the till of the ground movaine
in the sres southwest of the Coteau in morthern Logan Gounty snd all
other sasociated drift that originated from the seae glacial ice. The
ares south of Hapoleon in secs. 32 sand 33, T, 135 N., R, 72 W., and
secs, &, 5, 8, 9, T. 1M K., R. 72 W,, i3 Jesignuted as the Type avea.
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“. The Rapoleon Drift fs distinguished from younger drifis by its topography
and position., I1ts drainage is nearly cospletely iategrated, amd i: hes

few undrained depressions; the drainage on the youmger drifts is uoninte=
grated. The Hapoleon is thinner than younger dyxifta; it probably

averages wore then 10 feet thick in much of the area, but it is Tepre-

sented by only a few stones lying oa bedrock in meny places along the
western bomder of the county, and it has besn completely eroded sway
from the Reaver Creek avea in southern logss County. The Napoleon was
wowhere definitely recognized bemeath younger drift. At only one place
{described in the section on subeNapoleoca drift) it is chought to vest
on older .mﬁ.hn. and ¢ all other places where its base was cbserved it
rests on bedrock. |

Horphostr ic correlation,=-The Rapoleon Drift is probably

equivalest to the ‘Tasewell (?)" drift of Lemke and Coltom (1958, p. 47)
arnd i probably the surface drift over wost of the Sqn?wa two-thirds

of Emmons County, the western two-thirds of Burleigh County, the morthe
wastern quacter of Meintosh Coumty, and the southwestern quazter of
logan County (fig. 15). There is no definite evidence that it correlates
with gw stratigrephic uvait ia macnw Daketa, although Lemke and Colton's
suggested corrslation wich Flint's (19%5, p. 91-92) "Iasewell” drift in
centval South Dakots may be corwvect., A gross correiation between the
Rapoleon Drift and the drifes of Flint's "Tasewell” and "Iowan™

Substages in South Dekota is suggested by their similer drainege intew
gration, thinness, abundance of smell kames, ami lack of any great amount
‘of weathering. Similarily, the '"Tazewell (7)” drift of Lewke and Colton
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FIGUER 13.~-Bodiocarben dates and regional distribution of surface
drifts in southecentral North Dakota,
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{1958} | in ao:tham Hercer County in westecentral North Dakota may be
equivalent to the Napoleom Drift becsuse it aleo has numerous small
kames, whereas the “Iowan (?7)" drift of Lemke and Colton (1938) in
southern lercer County is older and heas few kames (Benson, 1932, p.
196).

phics gorrslation,--The mpolam Drifc has been
correlated with the "Nankato” hy Benson (1932, p. 194; see Lemke,

1960, p. 38), the "Tasewell (2)" by lemke and Colton (1958, fig. 3),
the "Rarly Wiscomsin" by Leomard (1916, p. 532), the “Jowan or Illinoian"
by Alden (1932, p. 75-79), the "Illinoian or Iowan" by Leverett (1917,

p. 144), and the "Eansan or m:mm by Todd (191%, p. 58). There
are five reasons for believing thac the Hapoleon Drift belongs to the
lower part of the Wisconsin a:agez

1. It is younger than the sub-Wisconsin stages because it is omly
siightly weatheved and has nose of the characteristice of subeWisconein
tills in South Dakota as dascribed by Fliat (1933, p. 31-32).

2. It ia probably older than the upper part of the Wisconsin Stage
because it has a well iaugmtad drainage pattern developed om ik,

3. It is probably older than the upper part of the Wisconsin Stage
because it bas been radiocarbon dated by the U. S. Geological Survey
(#=990) at greater than 38.906’ years old, The dated mtaz’iél wag a
clayey peat collected from the gravel pit discussed above in the section
on Lake Hapoleon strandlines. The gravel is knows to be no older than
the Hapoleon Drift because the upper beds have anot been disturbed by a

iater readvance and the gravel has no till on top of it., The gravel is
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koown 10 be 0o younger than the Nepoleon Deift becasuse it is in & high
position, separsted from the ocuter limit of the next glacial advance
by a drainege divide and an intevdivide aves to the east and 2 byoad
vallsy to the north. The only stratigraphic uncertainty iovolved is
the posasibility that the clayey peat was derived from & much older
deposit.

4. Lioyd L. Jeow, seil scisatist for the U, S. Deparcment of
Agriculture Joil Comservation Service, suggested (written compwmication,

- HKarch 13, 1961) that the soils om the Napoleon Drift are wot "a great

deal older” thanm the soils on the long Lake and Burnstad Drifts, because

| soils ou the Nepoleon Drifts have Little accunulatios of clay ia the

B horison. He did net think they are the same age, however, and
suggested that the soil on the Mapoleon Drift “is probably about 3
times as oid” as the soil on the Long Leke and Burnatad Drifts, altbough
he could not substantiate this "with any comcrete evidence,” I the
Hapoleon Drift is three times as old a3 the long Lake snd Burnstad
Drifts, it i greater them 30,000 years old; that is, it belongs to
the lower part of the Wisconsin Stage.

5. The Naspoleon is similar to and laterally correlates with the
drifr in South Dakota that Piint (1953, pl, 1) called “Tasewell” and
“Iowsn” (Leske snd Colton, 1958, fig. 3). Flint sald (1955, p. 90)
that che “Tasewell” and “Yowan" are lower Wiscomsin and ave much older
than the upper Wisconsin “Cary” and "Mankato" drifts. Flint presented
evidence (1955, p. 83-84) thet the “Jowan' of Soutk Dakota covrelstes
with "lovan” (n lows, sod therefore sssumed that the drift between the
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 “fowsp" and "Cary’ in South Dakoes could be equivalent to only the

| Tasewsll {n Illdmofs. This is improbeble, however, because type Tamewell,
which ia about 18,000 years old (Prye and Willman, 1980 fi3. 1), iz
nesrer in age to the type Cary, which {g about 14,000 yeavrs old (Frye

and t»ﬁ.@g. 1960, fig. 1), then it {a to type Iowan, which is =ow

krowa to be older than 38,000 years (Ruhe and Scholtes, 1959, p. 589)., It
is therefors likely that the dvift in South Dekote that Flint called

. "Zavewsll” is much older than type Tazewsll in Illinote. It is likewise

prabable that the drifc in North Deiota thet Lemke and Coltom (1958,
£ig. 3) called “"Tavewell (74" which 13, at icast in part, eguivalemtc

to the Napoleon Drift, is much older than type Tazewell. The “Tagewell”
‘ in South Dakotz, the “Tasewell (7)" fo North Dakota, and the Napoleon
Drift are prodably about the uﬁnlﬂuo a8 the type “Jowan;" that is, they
belong to the lower pert of the Wiscomsin Stags,

long Lake Drift

The long Lales Drift of northwestern Logan County consists of the
t11ll of the Long Lake end moraine and essociated outwssh and lake sedi-
went. The type ares is near Loug Lake in southeasteru Burleigh County
(Baneen and Kume, in preparvatfon). The Long Lake Drift is overlapped
ggﬁsgug%ggaﬁig@gw«g@gg?
Zmmovs, and Burleigh Counties (fig. 13). The kong lake Drift is dis-
gﬁi?ﬁs%ggrwﬂ-aéiuﬁﬁg
(sse discusaion in section on Burnstad end moreine).

The Long Lake Drift haes not been radiocsrbon dated and has vot been
correlsted with any drift of known age. Because it underliss the Durnstad
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- DBrift, yat has a sesrly noneroded topography, the Long Lake Drife

probably belomgs to the upper part of the Wiscomsin Stage.

Bumnstad Drifc
?gﬁ,g.ﬁ.@kugg%%a%%ﬁ&mg?

Stage, covers the oastern thres-fourths of morthezn Logan County. The

mue "Burostad” was first applied to the Burnstad end movaine by iewmbe

| and Colton (1958, fig. 3) and wes first used in an informal morphoe

stratigrephic gsense by Bommeville (1960b, p. 49).

Nee and definition.-~The Surastad Drift is here defined as s
aorphostratigraphic unit consisting of the till of the Burnstad end
woraine snd other asacciated drift cthat was deposited fvom the same
glacial ice, ioelwding the till o,m other associated end moraives, dead-ice
woraine, and zround sworaine, snd sesociated outwash snd lake sedlasent,
The type area is desigmeted as the scastern part of eeca. 9 and 16, and
secs. 10-15, 2, 134 N,, B. 71 W., northwestc of the town of Bumnstad in
southern logan Coumty,

Fossils in jse-comtact dsposits.--Buserous fossil fresh-water
pelecypod and gastropod shells, ostracode carapaces, and chavophytd,
Zygospora cases tc-d found in the following four deposits of g
ice~coutsct weshed drift (see agva» 1961, and Tuthill, 1961):

1. & ,&omg bed of werl overlying lske clay from an ice-contact
lake 0.3 mile south of the novttwest corner of sec. 27, T. 133 M., R.

71 W., betwesn the Buynstad and Fresh lake end wovaine,

2. A smsll deposit of fce~coutact lake silt capping & 50-foot aill
at the northwest cormer of sec, 28, T, 133 M., R. &8 ¥W., east of the
south loop of the Streeter woraine.
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3. The base of a 1j-foot layer of silty and pebbly outwaosh sand
lying on lake clay of en ice-contact lake, 0.4 mile south of the novthe
 west cormer of sec. 20, T. 135 M., R, 67 W., 9 niles south of Gackle,
4, A suall body of ice-contact lske elay at the south edge of
collapesed cutwash topography, 0.4 mile morth of the southwest corner
of sec, 9, T. 136 H., &, 69 W., east of the north interlobe ares of
. the Streeter moraine,
4 composite list of che mollusks found in these deposits i» as

follows:

pla cf. A._leightopi Baker
Amniger crists (Linmaeus)

49 ¢f. G. parvus (&lﬁ
Grraulua sp. |

Belisown ancops (Menks)

e, campenulsts (Sey)
Helisoum tyivolvis (Say)
Unidentifted emall lywnaeids
Thyga sp.

Risidivm sp.
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Because these mollusks are u»&,r.w to those found today in rela-

tively varm and permsnent bodies of water with submerged vegetation in ths

Upper Midwest, it is assumed that the late Wiscomsin ice-comtact envire

onments represanted by the fosails from Logan County werse similar to
present day Upper Midwest fresh~watsr eavironueuts.

In their larval form, natads ave parasitic om fish, iadicaring

- that fish were preseat in the lakes and atresms on and walled by stagpant
. Bursstad ice; fish could have migrated o thase enviromments from the

ponglacisl draivage oystem to the west by owimming up several miles of

superglacial streams, .

Small fregments of a mawmmoth or mastodeon tugk (UMD palsontology
collection po. 6063} ware found in a roadcut in lske sil: C.43 mile
east of the soutbwes: cormer of sec. 6, T, 135 N., . 70 W., emst of
the Fresh Lake moraime, Curvature of the fragments indicates thst the
tusk had a dismeter of at lesst a 2% inchas.

Morpbostracisraphic sorrelsation.~-The surface extent of the Burne

stad Drift is in large part the same s8¢ that of leouwke and Colton®s (1958,
£1g. 4) “post-Tagewsll - pre-Two Creeks” and "post-Cory maximum advence
o, 1" drifts (fig. 15), It extends northemrd at least to the morthern -
limit of the Streeter morsine in northern fheridan County and southuwsrd
at lesst to South Dakote, &wsnm it coxwvelaces with part of Fliat's
(1955, pl. 1} "Memkaco” drift. Its eastera surface limit is umknown but
mny be the outer sdgs of the Crace Ciry and Keunsal-Osks woraises.

The “Burnstad Drift" and"Streeter Drift” of Reu and others {in press)
and the “post-Tagawell - pre-Two Cresks” drift amd “post~Cary maximmus
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00, 1" drift of Lemke and Colton (1958, fig., 4) ave combdined iunto a |
single mwmtmmmm unit, the Burnstad Drift, for four rossoms:

1. Both were Muuz from essentially the gsame ice gheet at
amualiy the same time.

2, Both ave msarly identica\ topogrephically and lithologically,

3. The Screster morsins probably represents an advance of, st
. moet, only & few wiles. '

4, in meany places the two canmot be differsntiated., Where the
Streeter woraise is ebsent, es in southera Logsn County (Boweeville,
1981, p. 70-73), the "Burnsted” and "Streeter’ tills camnot be distine
gulished, and collspsed cutwash in front of the Strweler woraine probably
was derived from both the ice “mhs;ué the Streetsr end swraine and ice
betweon the Streeter and Burnstad end moTaines.
¢ correlstion, ~-Five radiocsrbon dates determined

by the U. 5. Guological Survey (fig. i6) indicste that the Durnstad
brife Lolomgs to the upper purt of the Wisconsin Stage:

1. 13,070 £ 300 yeavs B. ¥, (W~236). The date is from clam shells
in several fzet of Buynstad ice~-contact outwash behind the Streeter end
woreine in sec. 17, T, 139 M., K. é? 4., in Stutsmen County.

2, 9,870 I 250 yeare B, P. (¥-954). The date is frow clam shells
in Burastad (3} ice-contact (ﬁ iake gediment in sec. 29, T, 137 N,

B. 67 4., in Stutesen Coonty. The shells weve 1 foot below the surface.
3. 11,480 2 300 years B. P. (#W=542). The date is from spruce
wood Srom southeest Kiddesr County Qvir, 1958). The wood came from mear
the bage of a deposit of wind-blown fine sand that was probably derived
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from newly deposited Burnstad outwash. The sand ovarlies Burnstad
Prift of the Twin Buttes loop.

4. 11,650 % 310 years 5. P. (W-976). The date 1s from clam shells
from 0.5 r»wa_ south of the porthwest coroer of sec. 20, T. 132 W., R.
68 W., in Melntosh County. The shells came from seversl feet of
Burnstad lake sediment in 8 Streeter end moraine push ridge,

5. 9,000 7 300 yesrs B. P, (W=1019). The date is fyom clam shells

from site sumber 3 discumssed in the section on Burnstad Drift fosails.

The shells were 1y feet bdelow the surface.

The 2,000 and 9,870 dates ars from shells that weve less than 2 feet
below the surface smd may have been contaminsted or chemically altered.
If thers has been 0o contemination or alteration of the shells snd the
dates are correct, the Burnstad Drift was being deposited from beforve

11,300 years ago until after 9,300 wﬁw« ago,

Becent Stage

,ﬁﬂn of the observed postglacial sediments in northern Logea County
are part of the RBecent Stage. They comsist mainly of black orgsnic clay
and silt that bave accumulated in Fwﬂ. sloughs, and other undrained
depressions and low areas. Ths only observed cuts in these depoaits ave
the mumerous cattle watering g‘ #ollusk shells, ostvacodes, and
other organic remains are abundant in these sediments. Other poatglacial
sedizents include winor ssounts of alluvium aloug epheseral stresms,
wloor amounts of wvindeblown silt and sand, and colluvium st the base of

stusp slopes,




Strester end woraines indicates that the glacier that depoaited the
| Burnetad Drifc wes thia, Flist (1955, p. 135-136) estimated thet the

WISCONSIN GLACIER COMDITIONS
Ice thickness
The stall radii of curwature of the loops of the Freah lLake and

[ James lobe of the seme glacier in South Dakota vas about 1000 feet

thick. He rewarked that the glaciers of northeastern North America

ware wnch thicker, probably because the climmte thers was wetter than

|
i
|
{n the Dakotas. Plint also showed .Qwuu., P. 134~135) that the glacier 4
that deposited the squivelent of the Hapoleon Drift was thicker than A
the glacier chat deposited the squivalent of the Bumatad Drift. It
might seem that the thick glacier would deposit thicker drife than
the thin glacier. The oppoeite is true im South Dakota and south-
¢antral North Dakota; the Burnstad Drifi s much thicker than the
Napoleos Drift, Plint (1955, p. 136) stated that this is probably
the result of & much shorter time during which the thicker glaciasr

occupisd the avea.

Excent of .ua&fu stagnation
Late Wisconsin glacial stagoatios in Logan g«. was not restricted
to & marrow terwinsl part of the glacier but occurred over relatively
broad asress. The ice-wslled lakes, which were at lesst 2 milea long, indi-
cate that stagoant masses of ice wvere at least 2 miles across. The
eollapsed valley train west of Gackle is throughout its length elevated




above ad jscent dead-ice woraine depressiocas, iadicating that the gone

of stagnant ice have was ar least 6 miles wide, Areas of desd-ice

woraine that are over 15 =miles wide and have mo uncollapsed ouisash

3
plains or continuous meltwater channels suggest that & msarly con-

“ tizuous mass of stagnant ice over 15 milas wide ocrupied this ares ar ove

- %time., The presance of hume texrsces om the outer slope of the Btreeter

| end woratne and tollapsed cutwash in fromt of it indicate that the

Streeter was in pert formed ie comtact with a large amount of stagnent

fce on the wsat side of the moraine. This suggests that discontinuous

fu§ ice might have ogccupisd an amsa over 20 niles wide on the Coteau,

It is coocluded that stagoant glacial ice occcupled aress at least 10

niles wide and probably, at least ns discontimious masses, aress over

20 miles vide on the Missouri Coteau in late Wiscousin time,

Superglacial £11l

Stalker (1960b, p. 34) and Hoppe (1932, p. 26) stated that supec~
glacial till is usually fnsignificant on continental glaciers. The
presence of mollusks in fce-contact drift, described in & previcus
section, gmﬁ. indicate that superglacisl drift was present on the
stagnant late Wisconsin ice in ,nbnra County. The asssmblage of wollusks
found in ice~contact washed drift in logam County is similar to the
sssemblage existing in lakes snd stresns of NHorth Dakota and Minmesota
today. These Logen County mollusks lived in lakes and streams that
wers on top of or walled by stagnent ice. Hater tenpersture had to be
well above freesing during a lazge parc of che susmmer for thess mollusks
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to thrive, and purt of the water had to remsin unfrozen the entive year
for the survival of the fish populations ou which the nalad larvas
were parasitic,

The relatively high tsmperature of the water indicstes thet there

- was & varm clisate during the time that the Burnstad »ﬁ%wﬂg

that the water was well iasulated fros the adjacent stagmsnt ice by a

© layer of drift. Ics surroundiag the lakes and streame was probebly alec

covered with drife; 1if it had been free of insulating drift, larzge
amounts of seltwater would have formed and flowed imto the bodies of

, vater, keeping them cool.

Holluck shells were found fn only four bodies of jce-contact
washed drift io logean Jounty, gvngamgwﬂagﬂa only a
very small fraction of it was ﬂ.vaan«mm. it 4s probable that thewve are
sRny more ocourvences of wollusks in _ﬁﬁ ice-contact waohed drift of
Iogan County. It is therefore probable that aost of the stagnant late
Wisconsin ices in logan County was coverad with superglecisl £i1il.

The average thickness of the superglacial derift is unknown, but
it may have been similaxr to the thickness of the drift ca the atagoant
terminus of the Malaspina Glacier in Alaska. Where the drift is 2 or 3
fact wwuononuws-fgg ngnu iz frequent mess wovement, but where
the drifc averages 5 to 10 mﬁn thick, surface is stable E& undisturbed
foreat grows on it (Tarr and Martin, 1914, p. mc&

Oxizin
The oceurrence of superglscial drift over large aveas of munatak~
free contimmatsl glacievs i{s appavently wmeual. The origin of thias
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drift sast heve required some special circumstasces. These circumstaunces
seen to have been velated o an abrupt rise in clevation because desde
ice woraine 1s in meny places restricted to usahwlm:m, plateau=-1ike
sreas {emm and ¥upach, 1§$§, p. 30) such as the Missouri Cotaau
in Rorth Dakota end Saszkatchewan, the Turtle Houmtains in ¥orth Dakota and
Manitoba, Moose Houmtais in Saskatchewan, and the Leaf Hills in Minnssota,
. There ara at least three possible reasons why abrupt vises iu elevation
ara vesponsible for superglacial deifes

1. Songlacial alluvium from morthesst-flowing streams sod aowe
glacial outwmsh and lake sadiment wmay have accumulated on top of the ice
batueen the portheastuward sloping land and the southwcstward sloping ice
{fig. 16a), Probabdly this was of-liazh importance, howewer, bucavge 208t
of the dead-ice moveime is composed of till rather than collapsed imwash
and washed drift. |

2, ¥Marginal thruscing in that part of the glacier thar is less than
200 feet thick, 23 illustreted by Fliaz (1957, f£ig. 5<14), way have
brought large amounte of subglaclel till to the surface of the ice,

The slevated esst edge of the Cotesu caused incressed thimning of the
glacier and mey have ceused incressed asrginal thrusting (Eig. 160).

3. A mechaniom an by Plint (1955, p. 114) is glacial
readvance ower t.hia stagnant mm of ice in lov aress snd deposition of
ground soraine till on top of the atagonent ice. Low areas im which
stagnant lce could persist would be provided by deep wvallays eroded in
the steep vast edge of the Cotemu (fig. 16c), If this sctually occurred,
some platesu~like areas of ground moraioe should remsis in areas whers




FIGIRE 16.~--Origin of superglacial drift on late Wisconsin ice on the
Missouri Cotesu. a. Inwash on top of terminus. b. Marginal
thrusting, <. Overriding of atagnant ice,
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there was no stagnent ice. NHowe were observed in Logan County, although
| this could heve been the origin of soms of the morsine platesus of
Boppe (1932, p. 3) and Cravenor and Kupsch (1939, p. 51-52).

It secus probable that the late Wiscomsin superglacisl drift in
logan County origisated by either or both the second and third methods.

Rate of melting of staguent fce

The drift-covered stagnant ice on the Missouri Coteau probdably
melted very slowly., This is indicated by the prasenve of the sosils
Valvats and iamicols in the superglacial lskes. These snails have gills
 and require relatively siltefree water, indicsting that the meltwater
| was formed slowly ecough for the silc to settle out of it (snd slovly
enough for the sum to werm it). | |

& second evidence for slow melting is the radiocarbon dates thac
wvere discussed in the section on the time-~stratigraphic correlation of
the Burnstad Drift. If 1t ia sssumed that the dated meierial had undere

goone no chemical alteration and was uncontamineted, the stagnant ice
that deposited the Burnsted Drift wes present on the Coteau from at
lesst 11,300 years ago until at lsast 9,300 yesrs ago, or for ovor
2000 years, ,

It is oot inposeible that it took 2000 years for the late Wiscomsin
ice on the cotusu to woit. The drift-covered terminal part of the
Melaspine GClacier $n southbera Alaska is coveved with trees thet ave
nearly 100 years old (Tarr and Martin, 1914, p. 205), These trovs
are straight and upright, indicating that the underlying stagnant ice
has undergone little change in the last 100 yosrs, It therefore




secus possible that it will take a fev bundred years for the stagnsnt
Malsspina ice to welt, | |

The Malaspios avea presently has shorter snd milder wincers amd
| ok more rain then Logan County has nov and probebly had 1n later

Wisconsin time, The average Vﬂl—ﬂ tewperature at Covdova, 1735 miles
west of Malaspine Glacier, is 17°F7 and the wean yearly precipication is

. 148 inches, as compared with 7°F and 17 inches at Napoleon (U. S, Departe

ment of Agriculture, 1M1). Becsues large amounts of rain would greacly
accelovate welting of the driftecovered fce, it is likely that the stag~
sant late Wisconsin glaciar on the Coteau melted slower then the stagnant

[ part of the Malaspine Glacter. It is therefore coucluded thet it is

possible that the previously ﬂ-un»us.& eadiocarbon dates are corvect;
and 1f so, it took over 2000 years for the drift-covered stsgnent ice
| on the Missouri Cotesu to melt. |

If this is true, glacial ice persisted on the Missouri Cotesu for

over & thousand years after the glacial ice had melted in the rest of

' Sorth Dukota. A radiocarbon date of 10,050 £ 300 years B. P., determined

1 by the U. S. Geological Survey (W~10035) from driftwood under 7 feet of
3 mguangaﬁavﬂ?ng&ggnsgug.wb.w.g?.

R. 51 W., io Grand Porks County, North Dekota, indicates that the glacial
1co that deposited the ﬁg end morsine (Leshke and Coltom, 1958, fig.
5) bhad melted and the upper Lake Agassis beaches (formed when the River
Warven outlet was in use) were formed over 10,000 years ago.
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| | Cause of stagostion
&mmunme»mm"mmmmmamm

occur in sost of North Dakota ssst of the Miseouri Cotesu, This fa
Mimkay the lack of dead~ice moraioe svd the presence of many
activerice features, such ss ground sorsice, washbosrd worvsing, and
streamline flow festures. It is cherefore probable that glacial

. Stagnation was also velated to the abrupt vise in elevation of the
Coteau and was related to the sswe mechanism thet produced the large
amounts of supergiscial drife. High relief coused by erceion on the
eastern slope of the Cotesn may have furnished low areas in which Ace
mwummmsw The asbrupt rise in slevatiom at
tmmtmvdmmmmyalmmmmmotm
warginal cnmm of the ice, thus increasing the likelibood of
stagnation, Another posaible cause oé staguation is overloading of
the ice with englacial ¢ill (Fline, 1942, p. 122).




SYNIMESIS OF PLEISTOCENE WISTORY
Pre-iiisconsin (?) ages
Phase 1. Little is knowa sbout Logan County pre-Wisconsin
glacistions other than that at lesst one probably axiated,
Phase 2. During the interglacial time that followed, most of

the sub-Wisconsin (7) drift wvas eroded sway, aod an integrated

| dratnage system was established (fig. 17).

Wisconsin Age, early part (7)
Phase 3. YMore than 38,000 years agoe a glacisexr advanced comploetely

over Logan County and deposited a thin blanket of Bapoleon till.

Thase 4. As the ice fromt retreated, glecial Lake Hapoleom wes
formed. It draioed firut to the south at a low point in the divide.
Small outussh deltas were formed along the shoreline, As the fce
melted from the norch end of the valley, zlacial Laka Hapoleon drained
to the northwest, posaibly through the partly buried chanmel im the
northwest corner aof the county (fig. 18),

Phase S, Following the glaciacion that deposited the Hepoleon
Drife, theve was a time of nonglacistion, totaliag over 25,000 yeavs.
Dratonge weas reintegracted into s pactern similar to that of pwe<iiisconsin
time, Probably only a2 few feet of Napoleon till was eroded sway from
northern Logan County (fig. 19). In other areas, such as a fow wiles
on either side of Beaver Creek in southern Logan Gounty, all Napoleon
till was eroded awsy,
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FIGURE 17.--Pleistocene history phase 2--preglacial drainage.
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FIGURE 18&.e--Pleistocene history phase &, Formation of Napoleon
ground moraine and Glacial Lake Napoleon.
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FIGURE 19, ~~Pleistocene history phase 5. Interglacial interval.
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Wisconsin Age, ww«o part
Phase 6., The Long Lake advance occurred during the late part of
the Wisconsin Age. The Long Lake ice moved about 6 miles into the
northrest cormer of lLogan County, and again blocked the porth end of
the valley west of Nepoleon, again forming Lake Mapoleon, A delta=
like slevated outwash plain wvas duilt out into the lake at the ice
, ng‘ and a westward flowing ice-marginal meltwater stresm exoded a
 eptlivey inco bedeock (fig. 20).
Mase 7, The Long Lake ice margin recteated to the north, perhape
pausing & short time at the position marked by the north end of the welte
water chaonel in the southwest corner of T. 136 N., R. 73 W. & longer
pause or & elight readvance occurred when Long Lake 11 woraime was
Phase 8, After the Long Lake advance, there followed a period of
perhaps hundreds to o few thousands years length, during which there
probably was no glacial fce in Logan County. Only minor erosion took
| place during this time.
Phase 9, About 12,000 years ago the ice of the Burnstad sdvance

coversd the eastewn three-fourths of northern Logan County. It forwed
. the Burnstad end morsine and proglacial outwash plains snd weltwsater
 chanmels. The patch of dead~ice movaine in front of the Burnetad end
 ooraine wes probably deposited by s slightly esrlier minor fluctuation
. of the Burnstad tee (fig. 21).

” Phase l0s. During the esstward retreat of the Burnstad ice front,
: nw_nnn was a standstill ox slight ,iga at the position marked by
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FIGURE 21,--Pleistocene history phase 9., Formation of Burmstad
moraine.
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1 reccseional ridges and the terminated meicwater channel in sec, 4, T,
136 %., R 72,

Phese 10b, During further retrest of the fromt of the active

 purnstad fce, & some of stagusut ice 3 miles wide separated from the
| sein ice mass. This ice vas covered with superglacial till thet hed
| been thruse up from bencach the ice. Lekes formed oo top of the fce
w..i.,us.sfr.»uﬁ.aﬁa&. 22). |

A,H; Phace 10c. The Presh Leks end morsine was formsd during a stende
3 still or elight resdvance of the thimming Surnstad iee (fig. 22).
Faase 10d, The Burnstad sctiveeice front then retveated snd left

behind an 8 mile wide sove of debris~covered stagnent ice. lakes wers

formed on and within the stagnant »uu and smeltwater styeaos nng over
| i, depositing velley trains of outwash in the valleys on the stagnent

continued to mele,

Phase 11. The active~ice front retreated eastward sn vaknown Mt

probably short distance, and then, & slight readvance occurred, and the

Strester end woraine wes formed. By this time much of the stagnant ice
g»i%ggsiﬁun%ggggv%%ggi
melted; ancestrel Alkaline leke formed in this area. 10 the south, .

however, cuch still remmined, 7The ice sbutted against and overvode this
stagnant ice st the outer edge of the Strester worains, Meltwater
from behind ths Strecter woraine deposited outwash plaine and valley
trains on top of Burnstad ice in fromt of the Stwveeter. The last of
the ice between the Burnsted and Fresh Lake moraines mey heve besn melt~
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" ing at this time, The northern outlet of ancestzal Alkaline Lake

L (in Kidder County) was further eraded, the leke ievel dropped, and the
sutwash plain west of the Strester moraine was built out over the
former lake bottom. Meltwater from the northern two Strecter Lobes
flowed northwestward to the Long lake valley in Kidder County, #ud

seltwater from the southern lobe flowed over stagnaat Burnstad ice,
through the Burnetad end soraine, and emtered ths Beaver Creek draimage

| . oystem at Baaver Laks in southern Logas Ceunty (f1g. 23).

hase 12, The western edge of the Burmstad sctive ice mass then
retreated from the county, leaving the esstern third of sorthern logan
County covered by 2 mmss of stagnant ice. During the retveat, locally

mTe active parts of the glacier forwsd the two minor recessional end

moraloes in the ssstern part of the area.
, The stagnant Burnstad ice was gﬂ& with superzlacial eill, In
j valleys on the irvegular surface of the lce, meltwater from the melting

| ice deposited outwash in the form of superglacial valley trains. En

| other low srezs on the {ce, small outwash plains were deposited and lakes

| ware forwed.

, As melting ggn the uggﬁw drift becams thicker, causipg
the ifce to melt wore slowly. The superglacial drainage system became wore

. sluggieh, and the meltwater became warmer, The climete was relatively
.h nild., Fish svem up the Missouri River tridutary in Long Lake wvalley in

. Kidder Courty and entered the superglacial drainege system at the outlet

at the north end of the north loop in Stutemss County. They swam up at
lsast 12 miles of superglacial streams to vesach the supsvglacial lake
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FIGURE 23.e-Pleistocene history phase 11. Formstion of the Jtreeter
moraine.
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in sec. 19, T. 135 ., B. 67 ¥. These fish carried with them the
pacasitic larvae of oeiade clame, wihich became established in this and
othar ice~contact lakea. Vatar birds prodebly came to these super-
glacial lakes sed streame, carrying seweral species of frashewsater
ensile 1o the mud on thelr feer and festhers; these ssails, oo, became
established in the lakes, some of which were by now floored by solid
ground but wers still enclosed by stagnant ice. Also presenc in the
streams and lakes were abundant ostracodes, stonewosts, and probably
many other kinds of organisms. Plants and aniwels (includiag meamoths
c«.ﬁs«gvgéuﬁwggﬂgaﬁug%v%? fce.

?%ﬁn%iﬁg@oﬂ first a very dynanic
enviroment. Lakes and stresms were contintally being formed sud drained
as the ice melted at varying retes. Drift slid into crevasses, holes,
and other lov areas, exposing mew ice to renewed downmelting. later,
sz ter much of the ice had melted, the swperglacisl ¢ill wes pueh
thicker, and the envivoument was wore stable.

As the lsst of the ice melted the superglacisl till, outwesh, amd
lake sedimsnt were let down, forming & ummocky desde-ice topography, and
the fce-valled lake plains were laft perched above the surrounding desd-
ice woraine, It say heve taken move thon 200C years, or uvatil iess than
9000 years ago, for all the ;ﬂg glacial ice in Logan County to selt,

Recent Age
Phave 13, Ouly minor changes hawe taken place in northern Logen
County since the last Burnsted ice melted. There bas been several fest
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of srveion in scow gullys on the steepest slopes. In moet places, l!
’ i

bowever, erosion has probably been only a few inches or a fou foet,
Mzammathmmnummc‘mm
other low aress. |




Agrienlture

The basie occupation of logan Couwnty is sgriculture, Land use
is closely related to the glacial geclogy of the coumty. The ground
morsine soutiwest of t2e Coteau is largely culeivated., It has geatle
slopes, & medium number of surface stones, and is in wost pleces well
drained and free of eloughs,

End wmorsine wzauymmhm'almm large oumbers of
surface cobbles and boulders thet it is permmnently pastured imstesd of
cultivated, but the long Lake moraine has gentle slopes and is largely
cultivated, | ' |

A large percentage of the dead-ice moraine is cultivated, though
meny aress are grased and used for havland. Dead~ice moraine bhas
gentler slopes and fevex cobbles and houlders on the surface than end
movaine and has a hesvy clayey soil. It has large numbers of aloughs,
which are usually left undrained, _

Collapsnd outwseh topography hes sbout the sems land uoe as dead=
ice woraine, but has fow surface cobbles amd boulders and has a sandy
to gravely scil. HNesrly all m’ m plains axe cultivated., They
ave flet, free of boulders, and have a light sandy soil.

The icewwsalled lake plaine ave flet, well dvained, free of stones,
sud covered with & thick fertile silcy eoil. Nearly all are cultiveted.
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Surface wvater
mmmuattlaahwwmmuemm
County. Saall lakes and sloughs are used to water cattle. Meny cattle-
watsring dugoute have been mde in sloughs and other low aress to
collect surface water and oear-surfsce sespege, and in the srea south-
west of the Cotesu susll dame bave been buillt across msny. ephemsral
streams, Beaver Creel £8 the only psvmsnent stream in the avea,

Ground watar
Next to the soil, the soet isportant satural resource in the
county is ground water. Bxcept for the outwash plain around Napolesm,
mmwmtum:«m!mmmmuwndtmmm
sand and sandstons., Hesrly sll of thu wolls esst of the Fresh lake
woraine are in drife. The surface outwash usually provides snough water
for local use, and in addicion, the cutwash plain weat of the Streeter
zoraine probably bas enough ground weter for extensive irvigstios, It
um:huwsMWmWﬂam&mtetamm
sand and gravel (Peulson, 1952, p. 43). The surface of the cutwash plain
is flat and is Su most places well drained and is probably suitable fox
ireigation. The dasd~lce morsioe has seny uinoy surfece deposics
mmmueumlmmﬁoimzm. The Coteau is also
underlatn by many buried bodies of sand and gravel. Their size and the
amount of vatay they contain would haove to be determined by & detailed

- test drilliag program,
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Sand and gravel

| Logen Uousty contains nearly ualimited supplies of gand and
- gravel for use as voad surfacing wetevial and concrste aggregete.
A11 of the outwash plains, collspesé and higherelief outwash sopography,
kemes, and ashers, and many of the seltwater chammels are undeviain by
gravel and sand of varying size and sorting. Theve are aleo meny
veaspped eand and grevel deposits in the dead-ice snd end movaine;
sone of thess deposits are marked as sand end gravel pits on plate 2,
Pubbles in the gravel in sorthern Logan County a2e 1 to 30 percent
shale,
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STRATIGRAPHIC UNITS
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