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HOLLUSES FROR WISCUNSTUAN (PLEISTC
OF THE NISSOURT COTEAU IN CENTRAL NOSTH DAKUTA

Semuel 3. Tuthill, A.B8., B.3,, M.A.

This thesis her: abatrected was wristem snder the divestion of
Frank 0. Bolland, Jv., ond wat spproved by Wilses X. Lafrd and Sewrge
C. thesler a8 vcubars of the examining conmitiee, of which Dr, Hollasnd
was Chalvaen,

Geslogic and paleontslogic evidense indicatas thet Rwmeroun
msotropie, tauperase, mter bodiss wire presest whils drifi-covered
biocks of steynast glasiexr lce, explaced Miu toodfordian (late
HHaconsinen, Pleistocene; time, underlay the Rissesri Coteau disteict
(appreximately 50 by 300 siles iz extent) Is sextrel Nerth Oaketa.

Fasall mollnsks, costained in sediments deposited i» contact with
the stagnant fce at 40 sites, asre represemted by 28 species including
polecypods of the fanilies Dsiouiden and Spheoriidse and gastropods
of the fomilies Valvatidae, wxm Faynidee, Lymmgeldae,
Flenorbidee, Assylides, Succineides ami Pupilildes. HNelsd shells
hsve provided material for five radicearbon dates in the Rissewrl
Cotean distriet whieh indieste thet the melting of the Mtagnent les
say have raquired 2,100 years.

The fossil nellusks, n» aow kuown, do st Serve &8 strstigrephie
fadieas te the late Pleistecens deposits of the regios, but the spesios
conposition of fossil melluscan cosnanisies dominated by the Lranchiate
gwmarn Yalynin snd Jmigels is regarvded as testative avidenss of the
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sro-iiecent age of the Missouri Cotesu sedivents. The wollusks alse
indicate the climate af the region to have besn mild and humid as early
| as 13,000 sand as lste as 8,700 radiscarbor yesrs before the presesmt,
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MOLLUSKS FSOM XISCONSINAN (PLEISTOCHNE) ©
OF THE BISOORY COTEAU IN CENTEAL NORTS

L by
Somsel J. Teskill

The dtssovery of fassil mollnsks in the dyift of seuth-semiysl
North Gakots by three isdependent Zield pertiss! In the swmer of 1961
provided valmble informtion for the intarpreistion of the glacial
geniogy of the Nissonvl Coteew distrist (Fig,. 1), Getailed investige-
tion of the faven »t thres sites was reperted by Claytom (1961) amd of

 awother site by Twidill (1961). These snd 36 sddiviomal sitas aod
their fewtas are dessribed heve. Shell material from five of these
s bosn radicearbon dated (Fig. 0.

The drift from umn the fossils were taken wes depesited on
staguant fce i a belt &5 grest ss 50 wiles wide, ewmprising the
Nisacuri Cotesn distriet as restristed Dy Lemks snd Coltes (1938,

Fig. 1) in seuthern Nosthk Jaketsn. The presesce of fossil fresh-water
gastrapods snd pelosypeds provides en exuellent basis far recomstrwetisg
the soologic condftions which preveiled during the formetion of the
Risseuri Cotenu. Ths pelesypeds of the superfenily MaSudae else provide
meterisl for rediscarbos deting of the sedisents.

lﬁmm. Lu Clayteon and Jobs Miﬂ. ﬁmxy at m
muwm:m.m:wmmm»m
Uabste Geclogieal Survey, and My, Charles Hsxell, U. 5. Geologisal
Sureay, i Stutaman Cownty.
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The large wamber of spacies (23) end the complexity of tde life
kistory of sowme of thes, provide infermation showt the typs of semmenity
of which they were s part and sve preswmplive svidence for s siasssble
biots mut represcated by fossil remains. That the weollusenn faussa will
provide fossil isdices to geelogic Lime i3 salikely for twe reasons,
First, ne extinet forus dave Deen fownd ia the drifs of Kerth bakata.
Alshough 1ittle detail is yst kneun of the Reocent fawna, all of the
spacien ave still extant in some purt of the state. Secosdly, iasaf-
ficient tine olapsed during the deposition of the dvift of whish the
foszila are » part, to sxpeei evolutionwry changes in the species snd
ne merphologic differences between Liscensinan spucimans sad iscent
spocineas hes been ehoorved.

Traditionally, Plsistovese Lins divisieas have heen erected oa
Llithologic eritaria which srs ssswed 1o reflect climmtic conditions.
hose clingtic sonditionn which sanend continental glasiers teo sdvence
and those aiich onnsed thes teo contraet sre Inferved frem tills and
peleasels respoctively. It sust be resssbered that these tillz and
paloassls are proper criteria for isferrismg lithologic equivalency,
bat they are pot proper eriteria fer tise zorrelations usless they are
supportsd by isdepesdent tive indicators sush as fessil imdices.
Howpver, the tethnique of 1ithologis equiveience semms wseble fer the
larger divisisns of Flaistocans time (3tages) in sress wiers liibelegle
evidense for suitiple glasintions sre presest sud well sxpesei. The
squating of litholeglies In this latier menney sssunes that ¢limetis
conditions which sentiroiled the sewveral glasiations of the Plelstecsns
are known in detall and that thay varisd st esssmtially the mae time
seress the latitndes of Norts Aserics emd nerihers Eureps. The validity
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Fig, 1. INﬁEX MAP OF NORTH DAKOTA SHOWING THE MISSOURI COTEAU AND COTEAU SLOPE DISTHICTS ANU TUE ALga
STUDIED. Approx. Scale 1:2,500,000,
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Fig. 2, MAP OF THE AREAS Siuwino SHOWING GBADNAGE PATTESN.. Note

inteyrated drsipage in Coteau Slope district is westorn

Burleigh Cousty, Emmons County snd westera Molatosh Commty
:ﬁ‘ tﬂ:&:ﬁ imek o¢ intograted draimage io the Misseari Cotesu
rist,
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of these asoampiions (2 met heyoud geastion when time divisisws of the

 seder of substages sre sounsidered.

In sttemptisg te covreiste the depesits of the Missourl Cetean with
depesits of the "siassie” aveas teo the eust, the nethed of 1fithelegic
extensian fails for tws rensvus. The sersines of the late Fleistucome
Bave 204 boen traced fate Nerth Sekota with suffisient thersughness to
gaps wnd losal frsetSenstion of the meswinsl cowplewes will prebudly
never povnit wadlspwied swwsess i this sttempt, withont the suppsrt
of sther dots. As sore paleoatologisnl werk is dene fosail ixdises may
contridbuts this neswsesry data, Dut the work reperted Ders sems 1o
fndtonta the justificstion of pessisism fn this regsrd. The meders
sature of the melinseun famns of the Burastsd drift seems to precinde
the bepe of eresting weut fossll indices for the lsts Flelstosens.

For these rensons 1 have slected 1o medify (Fig. 3) the elsusifi-
sation of Frys and Willwan (1960) wbich they srwcted for the Lake
uiohigan lobe of the Hsusnsinus Stege in Illineis. Their sisssifice-
tioe has the mevit of beisg based su rediccarbon dats whieh i3
iadependant of 1ithelogic and stratigraphic Jadgnents. The sssumptises
fmplieit in the scceptance of redisearbon time do not appear to De sny
sers questiosable or critionl then these which underiis owr sseeptance
of fossils, swi the evolution that their serpholegy implies, as o
busis for gevlogic time throaghout Lhe vest of the gmlogis soluwm,
Sxperience, vhere radisesrhe dals Bave been enpisyed, indiestss that
they sre esnsistent asd regwedusidie. The assumpties thet the M4 . 12

ratin of the stuesphore, (themgh it night wary in Cine: wesld be saiform
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Fig. 3. CLASSIPICATION oF WHE VISCUNGINAN STAGE DV NOMTH DAKCTA. This

classifisstion 1s u sodificetion of that of Frye aad villnen
{1940}, Substeges clider thes the wedfemifas are nol keswm in
the Nisssuri Cotems dimriet, ‘
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Is the ataesphere at any gives iime 3eems mere ressonsbls thas the ides
that glasisl sdvense and retreat would vary miforsly in the dimenciens
of u sabstags across the worthers hemisphere, Thus the fuct that the
ratio say wot be the same today an 1t wus in the past is %0t 2 evitienl
flaw. 3 vadiecarbon dete in oo sxee Bss sn excellent shssce of
representing the same :ﬂu" of solay yeers o8 3 siailay redicenrden
dute in swether srea despite tha faet that rediocsrbon yesrs oay sst
egual solar ywars. '

‘The physislogy of the ussimilation of caxbos by sqwstic »eilnaks
hes besn studfed hy Bubin and others (1963, p, 84-88). Thelr study on
gestropots indicates 5 naxiwes mmt errvor of spproximataly
3000 CM years 1s pessinle i dates tekea from shells. If this error
spproxinetes thet sossible in maiad shell daies, It dees nct signifi-
castly slter the coaclusions draws beve. Uates eu weod (Heir, 1950,

p. 110, %542, on cesifer wood fyom 5, see. 25, T. 13O N., B. 71 %,
11,480 = 300 yeers B.#,) in Kidder Cownty in the Missouri Cotesu dlsiriet
closely agrees with the detes obtained fyom malind shells, ¥ith this
good degres of agresment | asswme that the asthod of rediocarhon dating
of aquatic mellusk shells iz weitd,

I have wot adopted the Subsiage seses of Frye »ad ¥llman for time
divistens older thas the “Sodfurdiss beccuse the dutes sbiained from

the Cotenu do »ot as yoi require I8,




Sasansing Siane Stoutkicranhy:~ All the fasnules discussed bere
sre frem a sisgle Flefstessne stiratigraphie wnis, the Bursstad Drift
(as dafined by Claytos, 1963, p. 61). The Bursstad Urift ia a glacial
merphastrasigraphis wit sonsisting of t11). outwesh sud lske sediments
moraines, sstwash plainn, sud ine-eontest washed-drift featwres ia
ssuth-oentral Borth Jakota. PFelosypod (asinds) shells from IR Rave
basn sedicserben deted st ax 1iktle as 8,700 amd a2 suck a3 13,%0
years before present (see Fig. 30). The Duvnsiad Orift belongs to the
uppet part of the Wisconsinam Siage. The drift-covered staguant fse
yonrs te aelt, The end worsines Lthat ave sompesed of Burnstsd Drilft,
deposited when the foe wad oetive, roughly serrelate with end moraine
smposed of Naukate drify fn Hisnaseta sessrding te Clayten (1963,

p. 663, The tepograpkic festures in whish the fosstls were found are
sompused of Burnstad Deify depesited I eoatast with She glacior lecs
sfter the 100 stagasted. It correlstes, in part, with the Twe Creeks
depesits in Visconsis sad possibly alse wish Valders sad post-Valders
deposits. The spper Derwstad Orift is thus pavt of Frye and ®illmes's
(1960} Twosreskan snyd Valderan sshatages (Fig. 3), bat wen probably

Iss-Cantant ieucsits of the Burnstsd Orifs:~ A1l of the fessilif.
srens sedinents of the Burnstad Drify ave lve-contaet depesits of

ontugth or Iske sedimnts that resulted whbam shoets of glacisx lece,
toversl niles wide, stagnated, These depoaita csewr in » waviety of




forms, foclnding ise-walled-lake piains, colliapsed leke-sediment
tapography, sad cellspsed sutwash tepegraphy.

The tee-mmlliad-lake plefng sre as zeoh o5 5 miles aernss and
topegraphy of the Cetewy {5 sssemtially the same a8 the glacier
isft 18, Besnuse the drainmage of the Cotenn 13 complotely nonintew
grated, the elevsted positiens of the iake plaiss could saly result
from depesitien in lakes that mers surgounded by stegmsant glaoier
jee. {Fig. 7). The collapsed suisash topegraphy end collapsed-lske~
sedinent topography wers forsed during 0o peliing of fee on wiich
bad bees depesited sediments from Swuperglecial stresws sud lakes
Fig. 4 ond 3). The resalting collspsed owtwash aad lake sediment
has bedding thet §3 gently te complexly felded and faulted. It
topegraphy has o8 such an 100 foot of lscal rellef and Bas uwserons

undrained depressiens, indiceting thst the relief s the 7esult »f
cnllspae from ztagmast iew rether than the resuit of strean evesisn.
“tress sediments are frequently found distribeted over hilis sad
deprassions with no laglfesl genetie velstizaship te the presest
tapography .
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SCHEWATIC DRAWING SHOWING THE RELATIONSHIP OF LITHOLOGIES AND THEIR TOPOGRAPRIC EXPRESSIONS IN THE

MISSOURI COTEAU DISTRICT OF SUUTH~-CENTRAL NORTH DAKOTA., The area is presently typified by a total
ianck of integrated drainage,
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Nost of iz Jausules wers located by geelegisss in the narmsl
course of Iisld mepping the mrfuce geeloyy of the siste. Tailings
at the entzance of hadger burrows wave of graat assistasse in loesting
fagsiiiforeus sedimentary layers whiod were aot exposed st e surfszce,

411 sitas required sutenusive exesvation by digging » pit ar tresechk
bofore swecessful examination snd sumpling =as posasible. 13 s vesals,
a0t of the imowledge I have iz sf the sedizemis sear She swrfesa,
Howkere was I able to sawple to a depth where 1111 or hedrock wmuz
‘ameounterad,

The fragiie satuve of the aalad sueils nesessitated 3 spevial
- e9ilwcting tmiqﬁ. The o' shalls, purtially sxposed by exeavstiesn,
wore sstuvsted with clear laoquer sprayed fraa 3 prwssurs homb and
allewnd to dry th thay wore removad {roxt the sedimeais, Thay were
then removed from the sedimsuts, agein spreyed with lacquer mad wrapped
in tiswe pyper for tramsporiatiem, Mtk this nechnfgas it was peasible
ta recever specimens in such perfest coadition thet they still show
fibers of the ligamant, The nm sposimons of the genere Dobgeriws.
W. and Lipuegs were coliected frem idhe sedimests as they wers
encoustored, All cther spscisens were takes in bulk samples asd removed
from washed samples durisng suasisation of the sediments wader bisooular
microscope ot magnificatisns of 10 X, 40 X, sud 120 X. Abouwt ene-half
iter of aediments wes axamined fron sach sempie and » repressstative
fause roemoved, plased Ia visis, ldentifled, catalogwed sad piaced in
the colloction of the University of North Dukots Jepertmest of Geolegy.
Approximeialy 15,000 specimens somprise the banis of the sonclusions
drawm heve.

_
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At several sites, detailed descriptions of the ssdiments were mede
snd sequentisl sanpies were takon (Nwe Favm, Swsmy Cat Sleugh, Kosenthal
i, Besentinl 2, Cleveland and Schawer Furm sites). The resslits of the
inspastisn of these samples for fuasns asd grain siee of sedimentas are
coubined with the informatiow ohtsined is the Cleid and presested ia
graphie foxw ia Pig. 8, 9, 13-15.

Al sessurements of fessils listed below were taken in the follow
ing sanner:

Veasurensnts leas than 1 sm wore uede with sa eenlar grid »t sagnifice-

" tious of 43 X, with an inplied seouraey of 0.03 s,

Sxasurements of 1 - 10 sw were smde with an oemlar grid at meguifications
of 15 X, with an implied acesrecy of 0.1 mm.

Rsasuromsuts grester than 10 sm were wade with a vernier calipers with
an implied socurasy of 0.1 mm.

Shell oriestation in the ense 0! the gemers Sphasrime aod Zistdine
follows. In Pisidism. the sbaplioal tevminations of the latersl temth
forn two points en & line of referesce; shell lewgth is the grestest
distanse parailel to this line in the plane of coomissmre, and shell
height 15 the groutast &i;#mt sowmal to this iine in the same ;lm
Por Sphaerisg o plane of approxinste secomdery sysmetry cen be imagined
passing thrsugh the besks and dividisg the vemtyel sargin isnte asterior
end pasterier Malvas; the junstiss of this plane and the plane of
commisanre fores & lise of referemes. Shell lowgth fer Sphagriwe is
the grestest distaace i the plane of commisawrs sevmsl to shis line;
shell Bofght Is the greatast distesse pevaliel to the lins. Thiehuess
of the pelesypeds mas not ssssured decauss ngls valves wers sers
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sommen Shas articulated omes.
Shell orimmtations employed in all asther gewsea, a8 well as thase

| special cases smy be seen in Fig. AU,

The fragility of the specinens precleded sn attempt tu meted
disjuncy valves., Articulated salsd shells were left with their contained
sedinents futast, The interiors of the shelis were inspected thresgh
heles bored in the impreguated sediment fillfugs,

D




" 1 um indebled 3o seversl persons whe fwollitated the rvesmreh
raportad hove. v, F. D, Sellamd, Jr., wnder whose direction this
thesis wms writtean, geve freely of his time, sdvive, nc’ afforis
throughowt the ressarch asd sshsequent writing. Uis ssceurngement

was in large memsure vespeasible for my continved eathusisse for the
stady. Or, Wilses M. Lolrd hes supported my efforts, Sotk parsenally

in the form of advice, peralls) resesreh partisipetion, sad enssavage-
‘mewt and by providisg suppert for part of the fleld work and the
phatogeaphing of the plotes, In M3 capscity as State Geeslagist,

., George C. “welsr bas boan most Meipful in sssisting we to gein

a0 undermtanding of the Reesnt sollussas fasma of North Daketa, whish
sorves as the hasis of the paleveseologic recosstrumsticss postulated
here,

Nr. Lo 5. Clayton werked with oo in the field frem tise to time,

Through his own rosoarck he set the goolegie sceme for this study.

The conversations I was privileged to heve with hin duving the period
1960 to 1962 contributed grwetly to my wnderstanding of the Pleistosene
history of tiie Nisseuri Cotesn district, and this report wenld be far
less complote were it aet for his offerts, br, Dun E. Hesaes, Geologist
of thy Neyth Daketa Geologlesl Survey, sad Rr. Neil B, Sherred, Graduste
Stadent at the Uplversity of Nexth Usdota, weve sitesmtive te my problem,
while engaged in their own vesssrch, and their vellecticn of fessilif~
avous sites in Durlelgh swd Divide and Sharidan Counties has extended
the avee of our knowledge of “issonsineu melluscan Coumas very |
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Br. Killer Uassen, Assistent State Geslegist, Rvr. Jeok Kume and
Ky, Eswt dadenwnld, of the Nerik isketa Geslegical Swrvey Mave
contributod to the study in the form of sctunl sssistance in the field,
sagyestions snd criticiens asd I wish %6 express my spprecistios of
their intursst and efforts.




HELLECA A% PALROECULLGIL INDICATORS

Ths prserics of inferving eeecliogic snd clisatie conditisas which
existed in the past, frow fessiis by esswsming their exviremmental
requirenents to be ssseatielly identisal with t2ese of extant relatives,
iz woll asteblished and sovrest under the assmupiions implicit in the

. dostyine of Uniformitarissisn. Is the sase of the Pleistecens mollusks
raperted here It I3 most appropriate, s ell of the species are extant

’ sd resident in ths seme genarsl gesgrapkls regleu as the fassils.
The soslogie differonces butween the present legals of the iiving forms
- snd the Coteaw can be vregavded a3 tho aet soolegic ahange which has

ocewrred Detwese the time of the daposition of that part of the Burnsted
Srift containiag the fossil ssllusks and the presest, A discussion of
this has been glven by Tadhill, Cluyten, awd Laird (1963),

Secause any lotic and/ov lenitie euviromment is compesed of &
variety of microhabitets whichk may differ from wnch ethor to a striking
dogres, 1o problem of recogniaiag necratowsnses becowss cestval. An
waminstion of the sediments and the pepmistien strueture of the fawns
usonily suffioes to isdieate Lhe presence o absence of » necrosoesoss,
bat at best the sonsinsios is subjective. Even trunsported Tosails, if
wt reverked frem ‘Ldn roeks, onn be regarded sz seild pelecelimatic
aritoris for the gmersl sres of the Hissswrt Cotsan,

The question of the importunce of waristicn of susbers of specimsns
of sae spesion oS compersd to the sunber of speciwens of snether species
in & verticel sequence has hees vaised by Laleeque (1960, p. M41).

In an ares wherd 5 dowsw sempling pettern ¢am be estabdblished, guentita~
tive smthods are prefervable. The faausles reported hare dave hoen
tranted Iz o somi~quantitative wy s¢ bolits the sencer of senpling and

|
e




the rocensaissamce seiure of the mtire study. ixpesares oa the Cetens
ars raie and siwnys sasllow. The jresense or sheesce of she varisus
species iy & valid besis fer senelusiuns sboat Lhe eeringic cenditions
which ondured, het are loss precise than those permitied by a more
guent itative teoshnigue,

freceat kmowledge of the svelogy of Geemnt fresiwmtor sallnsks is
izrgely limited to complilativss or seatlered itens of informatios moted
in conjunetion with the eollostion af mpeciwens. Few axboustive coslugic
stadies »f freshuntor Nolinsca buve been comdweted, theraforve the
ecalsgic informstion inferred from fossils sust rewaln gesarsl in miare
if 1t is 1o be sscurate. The prastice of seme suthsrs of fnferring the
conditions of wter chemintzy and specific temparsinre resges is withent
jusifisation st the presest siate of inowledge of the habitat regwive-
ments of Recent mellusks. The woe of fossll somwwmities a3 o basls for
reosnstrustiog olisatic seaditions of the Plelstesene is quits appropri-
ste, bDowever, in that few species Sisve bunoene extisst and comperable
sssemblages of the same spesion now sxist i North imerice to guilde the
seievecalogint,
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TYFES OF WABITATS

The sediments from which fossil meilusks bave bees taken indisste
tws hasiz types of sedimentury snviveumenis extstied on the #issewri
Cotean during late Wiscomsinan tine: vussing snd standing feesh wmter.
The last of these still exists there, Dut the first is totally absent,
The avoel distribution sad thickseas of lake sediments at 32 sites
suggests that s cessidersbis swnber of standing wter esvircaments also
existed during the tine ths fosail wellusks lived., 7The high pesition
of these lake sedimests sbove oollapsed 111l sud swtwash setivents is
taken as evidemos that these lakes were o part of the supergissial
drainngs on the fou whish depssited the Strester snd the Burasted end
noTaines.

Collapsed outwash at 7 sites, contalulng fossils, some of which
show attrition of their surfuces, preswmably due t» sbrasiem duriug
trassportation. Suggust o censidersbls develepnent sf comuscting
deainege betweon the lakes, » foatwre ubsest from the distriet at the
present tims. The muller susher of fosailiferesns sites losated in
oxtwnsh sadimenis my well be due o the grester diffiesity of receg~
nining the pressmoe of fussil moliwske i sand-and gravel-siased
sodinents.

Gastropods, veputed te be fousd In lakes only (9. 5. Bellsows
saspanalstue sod H. txizelyis) bave bues found in 3 of the 7 sites
composed of cutweh smiinents and speciaens of 4. suoeps. veputed oo
be s runnisg satexr sauil, heve boen fouwnd in lake sedisests is 10 emx
af 13 sites whore it wms & part of the sullascas famss, The mixisg
of fannas in sedissnts depesited by russing wter is te be expected.
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Fossil assemblages prebubly reflest the settling velesity of the shells
wore directly than they do the biote whish lived at the spat during the
3ine of deposition of the sedinests. The pewsanoe of stream-living
forms in lake~laid sadineuts can be explained by the depesiiien of thely
shells in Iskes during Righ muter stages of the streems or by flotatise.
Tse raliadilisy of speciss vs procise oeologic indisntors of
Mabitat type 18 net slesed to question. I bave reported (Tethill and
Othars, 1963) sescesilul cemmunities of Y. pueeps from o laks in sorth-
watera Ninsesota which lasks inflawing or owtflawing pormsuent streams,
For thede sonsons, 1 have sssignad the various sites to one o
mory of the Nabitat types disewsted belew prismrily on the sedimest
type from whish the fossils were token. The species cemposition st
each site i3 In ssemniisl sgresment with wy sssignments fn that the
spetien oould be wxpectad to Bave either lived in, sy boen carvied ts,
the envirosment of depesition frew sn adjaseat habitat mere likely to
have supplisd the senlaglo sesds of the various species fncluded 1s it.
Seven habitat types heave beex censtrustad of an hypethetion)
sxplanation of the asmatie savirosswets which were prebsbly awsilable
te the acllnsks which lived on the Xissouri Cotemw abeut 9,000 to
11,500 years sge. A disgrsssatic sketch of these mey be ssen ax fig. 6.
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BOLLESCAN MABITATS SUBGLSTED Fist THE RISSOURI CUTEAU DISTRICY
OURDNG LATE YISCORSINAR TINE

Irn Bagkunsar ia SAreami:~ Juist plsess in stream spstems sach
as the lowevelecity parts of o mesadering stream or in sxbew lakes forwed
by soeader seseff. These wors probably Righly sxygemated waters with all
dissalved gas sestest sppreximsting equilibriem uith the stmssphere.
This habitat wonld prebebly have hees an wore or less wmitable envivonmeet
and ihe sailmsats weld be oxpectad 1o vary over s wide range of grails
sizs and soxting in respeuss to smasesal changes of misr velssity and
tions of high weter weuld de expected, ‘

Zyse ... S55eant~ The strems deposits, laid dowm in the Migher
velacity portions of the stress, would be expected to ¢nstain molluscan
faunes with the graatens smeust of sixisg. fiet ouly would shells fres
wpstrons be sdied to the residest Tavms, but ssaller zhells, wore easily
carried by the currents, or these containing trappad gusasa, wesld be
earried away fyom the avens i wbich they lived to be depesited ia
quistar stratohes of smter. Thix babitet would be highly exygensted
and have a Lirmer suhatrate than the others Listed heve. A grest variety
of sediment grais siae wawlc be sxpested.

Tyoe 3. Pulis Tog:~ The deita top, fermed where & stream estersd
sﬁii!&%inﬁ. wikid cenxtain sedinents with s veriety of
grain sias and be quite sistler Lo that sxpected in babitat type ).

The greatey soswnt of seni~sisnd sedinents during pevieds of Migh waier
wight altsraste with 5112 swd clay sdasd sediwestis depesited during

poriods of reduced mter level in the draisage system. The flars would
‘be geite ¢iffersat end thorefors 1de asilvscen fauns might be expested

[
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s be doninated by puimamates, capable of seme smphibious existence,
. Helisowa trivolyis end wariess species of the family Lymueeidss would
be exposted in this anvivomeent, |

e 4, Ue gak:~ The delta front or siope wonld be typified
by sediments exhiditing s veriety of sian, predonisately in the sand
range. A fice swbatrste sod & raistively stendy inflew of vegetable
deiritus would make this o faveradle babitat for filter feodors susd
as the aniads, A grest degres of pixing of gestrepod shells wenld e
axpected is this type of smvirenment. Shade weking fleves would be less
iikely to exist in this envirowesnt. fislisams Anssps sight be expected
hore.

. ke~ The doop leke habitst woanld exist enly if
deap lakes were presest, By desp 1 msan thase types of stasdisg mter
bodias capsble of develapiag & thevmnclive vather than & Iske of o
speetific depth, The stuospheris gus content of the hypelimnice would
be reducnd during the peried of Tirmwst strstification and the bypo-
itmmion woslid contaia bewmchiutes omly, if it eontatined iivieg sellusks
at all, Asy selluscen community fuhebiting this ewviresmest weuld
probably be relatively snsncoessful. Shells deposited in the Rypes
lismion ave frequently stebed by orgenie zelds if stratification enderes
for a protrasted peried. Re stoked shells wre sess during the coures
of the otudy ami 18 {s mot Likely that the Inkes of the Nisseuwri Cetena
district were very desp st sny time,

m LY 1= Tow marginel portion of the epiltmmics
would be expected to be relatively guist wator exsapt s times of
sterns, contals sbundsnt plast life, and coutsin sn sbundent end vazied

selliusess faume. 58it~ and clay~sised sadimewts wewid typify this type
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of Babitat. Holisomg triveixig might be pressst Rere and B
would be axpectad aleng with the branmckiates,
afgin:~ Leke margias would be the last Asbitat type

to be sxpected, The nutave of this habditat would wevy from Deseh te
marsh, depesding on the prevaillng wind divection and the sstline
sharstseristies of the laks. The murshy type wenld be expetted to have
3 sedimest grain stao oleractor sot uniike that of habftot types 1, o
4, aud peasibly 3. The presence of lend susils intermimed with squetis
types wonid possidly imdicets 18is type of Mabitat and eee showld expeot
» large sumber of pulpemates. The imtroductios of shells from habltat
typs 6 by wevs eotion or frow aay of ke sther eavirmsments by flotatien
would 200 be sausual. This habitat type sight e enbject Lo great
saristion i flusiuations of water level were commos Shyoughout the
seanon, m greater the flnctustlon, the more distinctive suis hebilat
type wauld be; and the Leswous usture of assigamests to this babitat
nay be due to the fact that the uta ievel in the drainiges of ihe
Eissouri Coteun district wore reimtively stable throwghout the tine
that ssllusks lived thove,

Is 1s odvious that thess Labitals are gradatisas! and the classifi-
cstion ermtiod bave 18 setassarily aysthetic, Thus it is rewsonsble
that the aspecies compusitfon of the fossil sollusesn fssna would set
he expecied to provide strict sviteria for the sssignmest of the varices
vites 1o & spesific abitat sits without hesvy relissce en sedivment type.

Teble & shows the nssignment of the sites to babitat types,




&cHEMATIC DIAGRAM CF AQUATIC MCLLUSCAN ENVIRCNMENTS
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The fossilifersus sites of the Missour] Coteun distriet haww been
assigned inforeal mames. Thesz aanes were derived from geogrephie
lssatieans (g. g. Clesw Lake site becouse of ity elose preximity to
Cleny Lake, Hclatosk Commty: Flovenve Lake bhecsase of 113 proximity to
Florouce Lake, Burlaigh Coumty, ete.), towmship swees (g. g. lows,
Bosenthal, HSuffaungsthall ete. in which the sites cecowr), or farw
cwmer‘s sames (g, g. Niwe Pars site, Tosthoy Fare site. oka.). Hecanse
af the peusidility of fraquent shanges of mamership I Xave ssed the
netations in the Flats Boek in the Lidrery of the Norvth Jskets Geologie
eal Yurvey as the reference for these wanmes.

The locations of the sites are shows on individual eommty index
waps (Fig. 7, 19, 1}, 12, 16, and 16).

A, Cimeoiand sije:~ The Glevelami site was studisd by Tutaill (1961,
P. 1920}, The site is lesatad in the 3% see. 17, Y. 139 A,
£, 67 %, spproximstely 2 ailes sonthwast of the village of
Clevsland, Figare € shews the 1itdology of the site. The fessils
ware Lransportsd oaly o short distanes, 1f at sll. Neay of the
anisd shells wers fownd in sand wiilch was sverisin by grevel.
Their shells wore orientad in o livisg pesition ssd sppeutr e Bave
bess buried rapidiy: sitheugh subseynent compsstisn bas partisily
cruihed the valves. The fossiliferews wits sre of & grain sise
consistont with an asuetis eaviremmest nest favershle for the
mellussan sommumity represented by the foseil ssssmblege (). 8.
® slow-moving body of shallew watzr). Thus, I belfeve this
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faunuls to be a sevroscenses,
Eavpms- Sastrapods:

Pelseypods:

Hahitat:~ Type 4, Delta Frem.
Sepchrenglogy:~ Naiad shells fyem this site wero deted by the
tashington, 0. C., laberstory of the U, §. Ceslogienl Survey an
having lived 11,070 « 300 yeurs before preseat (U.5.6.5, Sesple
sanber 5936, Rubin personal comsunication te Charies Huxell,
U.8.6.5,, Grasd Forks, N, iuk.),

jkgi~ This site is lecatsd i the Siliiind

5. . see, 29,

T. 137 K., B, 69 ¥,, Stutsmen Cousty, Colispsed lake sediments
(Fig. 9 underlie the hlask seil of mest of this quurter section,
The sanples which cenprise this zite were taken frem sn exewwation.
The founa is probably » secrocosmete,

Exang:~ Sastropods:

Pelecypeds:

Bahitat:~ Type 6, Shallow Lake or Type 7, Lake Margis. The presence
of Saptzueeptia in the sedimests of this site Indicates ihe mearby
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Fig. 9. LITHOLOGY AND VERTICAL DISTRIBUTION OF THE MOLLUSKS IN SCHAUER
FARR SITE (B) 58 sec. 29, T. 13T N., R, 69 ¥,, Stutoman
Connty, Nerth Usheta.



'—"—“—"—‘1_‘—"—; C. t iderman Farm site

' - Sohlenker Farm site
E, Gutsohmidt Farm site
» Bremneise Farm site |
o ,.l G. Kroeber site !

Fig. 10. IRuEX MAP OF LOGAN COUNTY, NURTH DAKUTA, SHOWING LUCATIONS OF
FOSSILIFEROUS STYES,




presesse of tevrestrial vegetaties.

Gegshrepolegy:~ Nafed shells frow the.Sebawer site were radiscarbon
dated by the Wmshingten, 0.C., lshorstory of ths U. 5. Sesleglesl
Servey at 9,870 - 290 years beters presest (sample susber %954,
Zubin, persesal commusfeatiss to Charies Mweell), This sits is
bekind the Sirester morains s fow miles south s west of the
Clevalend site. It sppesrs that stegnast ice wederlay this section
of the Missouri Cotens for at lemst 1200 yeers, for the Cleveland

 site, 11,070 - 300 yesrs B.7., 2 sloser ts the seurce of the

glacier than fs the Schawer farm aite, 9,870 - 290 ymrs 5,P, The
younger fausa lived st the Sehsuer site befere the Iinsl welting
of the isa, but this ice vould met have buen the preduct of glscie-
tisn sore reosat thes the fasms st the Clevelesd site.

Bidarman Farm gits:- THis sits is located fu the Sit% ses. ¥,

T, 136 8., R. 69 &, The deponit is 5 small bedy of foe-contact
lake siazy ot the sonth edge of a 1% elle wide fee-cantact sutwash
plain (Claytes, 1961, p. 15).
fannn - Saskropads:

Palosypeds:
Bebitas i~ Type 6, Shallow Lake. The drift sust have been Lervest-
rislly vegetetod, besawse mm requires lasd plants and
vogetable Litter. |
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0. fohieakex Farm aile:~ This site io located N%i see. 28, T. 135 X,
B. 68 %, leowcontact lake silts cap s hil) 50 fest high at this
site (Clayten, 1961, p. M2,

Inuna:- Gastropods:
Felesypwis:

HEabiat:~ Type 6, Shallew Leke,

E. Sutsshwids Farm glte:~ This site in lecated in the NEGNMRE see.
2, T, 138 N, B. &7 %, Logan County, Wowt of the N.¥. 1/4 of
this soction is surfaced by collapsed lesnstrine sediments whieh
ave overisis by blask wind-blomm soll a few inches thisk., XNalad
shells brought te the surfuce by plowing were found.

A mall sseuwnt of 2ransportation of the fossils possibly
securred during depesitios. but the fine graia mature of the
sediments sugpestis thet Shey weks sot carvied by strony carrents,
Tagny:~ Sastrapods:

Pelocypeds:

Sabitat:« Type 6, Sallow Lake,

Sacchrenclogy:~ faiad shells from this site were radiocarbon dated
a5 9,000 - 300 years 5.7, by the mshingten, 0.C., laboratery of
the U, S, Geslegionl Survey (Rwdin, persesal communicatisn te
&um. ¥. Latxd). The Sutscknidt Farm site 1ies within the Streeter
soraise, and the fawss lived in & luks wo Jesbt tasulsted fres,
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but surely smderisie by, ¢leeise i«; Thas the giscier shich
transported the material of this pert of the Burnsted Srift pre-
existad the fawns. This establiazdes a sinime sge of sbout 9,000
cM yours for this part of the drift, bat does mot preclmde the
iden of the Burmstad Urift being wider, |

fae ) glig:~ This sfte is located 1 the MW ses, 27,

T. 1 N,, R, Tt &, & fowr foot bed of sar! ovarlyisg an undeter-
ained tttm of dark gray sisy comprisss the site. 7The
sedivents woere deposited in an irreguisr, partly ice-walled lake
(Clayten, 1961, p. 13),
Faung:~ Castropeds:

Faleeypods:
Hahitat:~ Type 6, Shallew Lake.
Exouhar 2ite:~ This site 12 located {n the NV eor. ses, 35,
T. 138 N, R, T3 % The bed of sediments whiok centsing the
fossil mollusks is » marl i» sediments of Clacial Lake Napolews,
Clayten, (1961, p. 16) suggests Shet this site is predably ael
ax fov eontact deposit, It is likely that the sedimsnts wnd their ‘
contained fousa are of late Slscensines age.
Yaunn:~ Gastropads:
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Buffnugnsthal site

Lowenthal site

Mumy OBt Slough site :

Clear Lake site
Rosenthal site 1
Rosemthal site 2
Roseathal site 3
Rosemnthal site 4
Rosemthal site 5
Antelope site ]
Antelope site 2
Nue Farm site
Jowa site 1

Iowa site 2
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Pelsoypods:

Hahitaks~ Type 6, Ehaliow Labs,
:- This site is located in the NI®s see. 20,

T. 182 8., i, 68 ¥, The fossils ave iu marly sasd and peat beds
which Mave Lwen distorted by the ies which deposited the Streeter
Noruine. The fessils wppenr e have beew trassperted after desth,

Exuny:~ Gustrepods:

Pelesypods:

Bahitag:~ Type 1, Backweter in Stresm; Type 3. Selts Top: or Type 7,
Lake Murgin., The lithology end Sopography of the surrounding sres
suggest thet stagneni foe of the Burastod soxisee lay buried a@
that in the arew of this site mmm by an sdvance of the
Strester lee, This suggests timt the influx of glscier lte contismad
well after the heginning of » warm phase of the ¢limatic cyels,
Speahrenglogy:~ Maind shells fram this site wero dated by the
sashington, 9.C., lsburatery of the U. 5. Geologfoal Servey (W-974)
ak 11,650 - 310 yeurs hefere prosent (Iwhin, perscasl cvsmmisation
te ¥ileon ¥. Laird)., This date, smming from ssterial which appesrs
ts Save bess disturhed by Lhe ice of the Streeter advanes, may
siggest & saxivem dots for the Streeter advases of approximstely
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11,650 ci4 yosrs. Yhis say be sn extremaly lecal sitmatien,

Nowver, sad ot vellest the gessvel sdvance sf the Strester ise.
I. Lewsmibel alita:~ This site is located in o voud eut in the 5%

ses. 16, T. 132 8., K, 69 X, The wnpesurs cansises of browdly

folded, bedded lske silts and olays.

The sedinints aro sollapsed lakn clays and siits which ave

a part of the deposits of Glscisl Lake Lekr. The plain of Glacial
Lake Lelixr {s compeaad of Inke siliy and clays which sover approx-
imately 40 sqars miles in north sentral Ncintosh Cowmty awd
sowth-gontral Logas Cownty. TNIs large plain fovms the highest
topography in the ares, rizisg like o butte snid the collupsed
till and ovtwmsh sedisents. Ihe Dpresencs of stagnant Ice sheets
wnder and sround the deposits is fndicated by the fast that oll
bat three ts fowr muﬂﬂn the cexter of the plain is
underlatn by collapsed lake heds. Xoreever the parineter of the
piain i3 bordersd by sutwsrd sloping lee-contect fsoes. The tatal
iack of draisege development fa the Cotenw distrist preclwies the
idea thes thess ontwmrd sloping faces ave svosiessl ia erxigia,
The fasns 18 o thanstoceenese, the shells being fragmemted and
dissrtisuisted. e irveguisr peorl sheut 1 fush in dismeter ws
found ot this site, |
Esnn:- Pelesypeds: Lespgiils xadiata siliseelden
Habitat:~ Type 6, Skallow Lake,
J. Bmmr Cal Slomgh aitg:~ Loested in & stowp bask sn the sosth side
of the 3lough from which it tabes its same, this site is In the
N ses, 14, T. 132 N., R. 69 ¥, Figere 12 shows the ithalegy
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Depth Lithologies Founa Depth Lithologies Fauno
f
Surface NONE
~ 6F1.9in. ":Jf__y—l' 1SITY  NONE
9 “t, ‘ .7 o= J:ﬂMARL
" -~ |BROWN NONE = unconformity
"L Ft. ‘»-.:‘f-‘"“ CALICHE === THINL.Y NONE
oo ZONE —_ seom—:o
{See Key Below) LAKE
.- |BROWN 2,3,4. CLAY
.2 IS ' ~
S |SILT 1
: ~ I7Ft 4in.  £7—7
covere
3
—32Ft. e
|3 )
S
=
=
e 3 IOk =
LS STy 2 1 33 s
4 ?—L—_:»it MARL * 9. :SANDY NONE
A o=t ol '-*-XGRAVEL ‘
L .= vague
sy=1=, | bedding i
PEtip
5 A T) FINE SAND NONE | 34
._—-»_J.‘._::l - " L
I 1,4,10.
i e ' KEY TO MOLLUSCAN FAUNA
"L =| CALCAREOUS '*Lﬂif—"—@ Sp. ' - !
~A 2 pisidium sp. ,
: e CLAYEY : 3.valvata tricarinaia
6 ——==18ILT 4Amnicolg limosg
=i ~ '5.Physg sp.
= 6.Helisoma gnceps
= 7.Gyroulus parvus
; = ‘ 8.Gyraulus sp.
-&Ft. Sin, ==/ op ' uou
‘ 10.Armiger cristo
Fig. 14, Y ANG VERT AL SISTRBMTIN OF | MALUSES IN FONNT CAT
BOUEH AINE (37 9. see. M, T. 132 A, B, 89 9., Selstesk:
Loaaty, Sarth sekote.




of the expeasrs. mmsumnm.:maam,
luke 31185 and clays. An usconformity separates the beds of the
upper 8 fest fram the lowsr beds whieh are wafossilifercus sud
strongly soutorted. Am swger sampis taken sppreximstely 130 yards
sorth of the site In the bettem of the precest dey slough contelmed
1/4 fool of decayed vegetable matter with shells of Aplans Ryphorms.
Lomsts hweiles. Schasgiwe op.. ond Gypalus sp.: 1 foet of heff,
wafossiliferess labe silts and clays ressabling these i the bess
of the site: everlying at least 3 fost of pebbly outwmsk, The
present slewgh depressios is o lsrge kettle Sels.

Enmng:~ Gastropeds:

Hukisas:~ Type 6, Shallew Lake. The fawsa reprssents s biocoenese.
The sterile lewer heds which lie beisw the weeonformity probably
regresent deposition during the Lime, sfter stagnstiss of the fiee,
Defore the drift iasuisted 1he bediss of wter and the drainage
ehusnels saffiefestly to pevmit turbidity to Be redveed and selsr
slevation of the ster temperaturs to soowy. Thus Lhere are 4w
Mabitats vepresented {n this site. TRe lower one ws a oold,
probably turbid leke which roceived melt wmter from saperglseial
‘amnmmummﬁmm. The npper & femt
PEPrasent & permaneut seasenslly tempergi® bedy of water.
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K. Clsaz Lakp site:~ This site 15 Joceted is the SK ses. 22, 7. 132 N,,
R, 78 % A marl lagey in poeriy bodded luke silts cemprises the
lithology of tke site. All of the fossiis were fomnd in the marl.
The sxposure i3 spyronfmstaly 30 feet shove ths prossnt level of
Clesy Laka, bat it is inside tho depressies whiok forms the Dasis
fex the lake. For ihis vesson ths fdes that the sedioents are
Recent in age, baving beos depozited during 2 time whan the levs)
of Clesr Lake was Bigher, canset be disconsted. The presesce of
nuinds and opecnlste suafls, while Inconsistent with the present
condition of the molluscan ovemunity of the lake, is ast imeonsistest
with thome which wwald be apectad duving o pluvial cyole sa the
Cotonu. |

Falosypods:

Hahisas:~ Type 6, Shailow Luke.
L. Eossathal site 1:~ This site is iovated in the NI ses. 36, T. 131 K.,
4, 60 u, Sand, silt, end cluy in beds wbich dip 14” towmurd the
serth in s voad cus compriss this site. The nwmboring of the 3ites
ender the aume of Rosewthal 1s {stemded to indicate only the
geographis promimity of these separats sites. All of the fossils
. wxeept thoss fowsd in peat and marl layers sppesr to be sramaported.
Pig. 13 shous the litholegy asd the vertissl distridetion of the
fawns. The sediosnis were depesited iz s high level lake behind the

O



,,,,,

Fig. 13. LITHOLUGY AND VERTICAL OISTRIBUTION OF NOLLUSKS IN ROSENTHAL
SITE 1 (L) NE§ ses. 36, T. 131 N., R, 68 ¥,, Nelntosh County,
North Usketa.
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litronter morainy,
Fougp o~ Gastropada;

Pelenypods:

Habitat:~ Tie pest layer asd the earl layer represest Type 3, Delta
Top or Type 6, Shallow Lake. The balence of the sedimsuts represests
habitats higher in the drainage and thersfore bast it Msbitat Type
4, ielta From.

dpsonshnl ite 21~ This site 13 locatad iz the M ses. 34, T. 131 N.,
K. 68 ®, Lake silss, ehﬂ, snd ouSwash gomprise the lithology of
this site (3o Fig. 14). The merl bed which containg most of the
fonsile, ¢ips 9.5 10 the vorth, This bed can De traced asvoss the
mtire sus-half sestion awd sppesrs 1o be disterted bat mo exposurs
exista share folds san be cleavly zeem. Like deseetbal site I the
sodiments wore deposited iz o bigh lovel lske bDebind the Streeter
woraine. Dxoept for beling iet down, the fossils wers all sstrans-
ported and are » wwu
Eaung:~ Gaustropeds:

Pelecypods:

Bahisas:~ Type 6, Shallew Lake.




e P et et Sl SR o e T

Fig. 14, TEE LITROLOGY AND VERTICAL VISTRIBUTION OF MOLLUSKS IN
BOSENTHAL SITE 2 (M) N see. 34, T, 131 N,, R, &8 ¥,,
Nelntosh County, Nowth laketa.
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30,31~ This zite is located in the 3l sec. I,

T, k92 K., &, &0 ¢, Lake cleys, siits, sad wuvie fu 4 vomd cut 3
feny below ihe crest of o smakl dill sosprise (ke sive. The
sediments ave prohmbly related ta ticis smgouatered st doseutbal
sises X emd 3,

Fanni:- Sastrepads;

Feleoypads:

Hahikat:~ Type 5, Siallow Lake,
f:» Thie sits ix lecatzd iz the N'% see, 27,

T. 131 M., B, 68 W, HNarl in disterted loke c¢iays zad sflts compriss
the site. |
Fange- fastropeds:

Pelonysude;
tabisat:- Type 6, Shallow Lake,
g S This site i located in the NE: sec. 6, T, 131 &,
B, 88 ¥, 2n wdetersived thickesss of sasd snderiyiag 114 feet of
eutyesh gravel contsins a fow feseil molluske, They all sppear te

Easaa - Gastrepods: ¥alvais sxisariseis
fapigela sp.
Felaoypods: Kaiad fragmonts
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e W- This site is located in the N¥4 see, 30, T, 131 A,
R, 67 ¥, Nomstratiffed to poeriy stratified lake sediseuts in a
4 by 20 foss roud out comprise this site. A light brews fessidiferces
Isysr overlies s darker Mrowm unfossiiifevoun part of the smposwre.
Faupn '~ Sastvepnds: ‘ '

Hahitat:~ Type &, Shsllew Labke.
R. Agteleps 2iis 3:~ This site is lessted in the NS sec. 16, Y. 131 K.,

R. 67 2. Tho sxpesurs sonsists of gheut 4 fest of pebbly sutwesh

shove 1 %o 14 iwnches of wodlum graised send, sbove 1 %o 1N Juches

of yollew fousiliforous marl, shove at lenst [ feet of lake clays

sad silts.

Fannni~ Gastropods:

Felecypods:
Habitat:~ Type 6, Shallow Lake.
5. Nes Parm 2itec~ m Nue Farm site iz losated in o vusd ont 0.2 miles
north of the SC cov, soe. 36, 7. 130 N, 8. 60 ®,, sbowt 11.5 miles
E. of Ashley. Thin bedded collapsed outussh samd and greveis contais
the fossils. This site has prodused the mest sbhwndant and varied
aena of Pleistessns wollusks of say se far stwiled ia Herth Uskets,
Kest of the neisds wers fownd as artionlated valves in liviag
positions. A litholnglc celuss is showm wn Figure 15,
Tae fauna §5 @ sesrsseencss Mhich inhabited an owvirsament sweh
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Fig. 15, TR LITHOLOGY AND VERTICAL DISTRIBUTION OF MULLUSKS IN NOE
FARM SITE (5) SEN ses., 36, T. 130 K., &, 68 ¥., Nelstosh

County, North Uskots.

b

H. campanulatumn.
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1ike that of the Clwvelsnd site {1}, Sowe postmortes conventyation
of the gustrepods may have oceurred, bt the saisd pepslation ws
cersalaly set transparted swmy signiffecent divtence. Lrmass
Aiagsalls avd the Nigllsoma speciss prebably ecewpied miero-hadituts
peripheral to the lotic-lenitis suvizoasment of the nalads,

Py~ Castropeds: :

Pelecypudas

Babisas:~ Type 4, Delts Froat,

Sasshrenslogy:~ Laspeilfis redists siligwoiden shells from this site
woere dated by the tashington, 4.C., lsberstory of the U, 5, Gesloge
Soal Survey as havisg lived 9,620 - 350 C14 years before presemt
m.s.e,.s; Seuple nusber %-1149, Hebin perseas! cossunication te
¥ilison N, laird).

Jam alie li~ This site is lecated in the SENSEL see. M, T, 130 K.,
R, 68 %,, Rolstosh County, is a fleld approximstely 12 feet ¥, of
She roud sad 330 fuet north of the §5.Z. covesr of the sestise. 2
gravel body shows thromgh the soll in en elesgate sinweus bund
extending sevess the field in u genoval dirsetien of ¥ 30® %,




Sosils were ohassrved in tLhis gravel and is the sendy neil sdiscent
10 it. Lake clays with faint bedding still discernible ware
msounternd at K font depth. The fewsa here reoported came fren
these lake slays. Iown site 1 ia growped with lowm sites 2 becawse
of geographie prexixity caly.
Exmas- Gestropods:

Habitat:~ Type 2, Stveam or Type 3, delta Tep.

U. Jlswn site 31~ lows site 2 is located in SEESW: see. 25, T. 130 N.,
&, 68 %,, Nolntosh County. The fosuils oconr In lehe silts whiech
exhibit peor or ne hedding., This site say well be associated with
the lown 1 snd Rew Favn sites. |
Famnni~ Gastropeds:

Y. w:- Tais site 13 locatad 12 faet below ihe swrinee
of sn intermitient slsagh depresaten In the NUL sec. I4, T. J35 %,
B, 66 ¥%. Fz. Boburs Pedel]l, owser of the land, discoversd weed and
saseciatod wellusk shelis in a pent zons at approximstely 12 fest
depts while trying to dig ¢ weteving hols for hias stoek. I visited
this site in April of 1963, dut was wuable ts view the sacsvation
hesause IS was weder water. Fortunately Sr. Fodell Mad seved




V. Podell Farm site

Flg, 16, DBHEX Rl OF LAGGURE QOORTY, NORTH LAKORa, SMOVING THE
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senples of the wood and puat and the fowns reporied belew was takee
fren these samples. The sitastion which he describes appesrs ts he
very mmok like that deseribed by Selr (1958, p. 106-114). The weed
ws ldantified a3 tamarask sccerding te ¥y, Klasr L. Werthisgten,
Swodland Consultant, U, 5. lepartment of Agrisulture, Sofls Censer-
vation Servies, Hosdan, Horth Gaketa (persensl communication t»
Frank Schnlte, Jud, Nerth inketa).
Faune 1~ Gastropeds:

Mmr;- Typs &, Shallow Lake or Typs 7, Lake Murgis.

The following sites were discoversd and cellected by O, K.

Hunoen, geelogist an the siaff of the Rorth Usketn “eclegleal Survey.

1 em vesponsible for the identification of ithe fessils and any

sonclusions drawn frem thes,

Billinomeier Farm site:~ This site is located in the Mk see, 13,

T. M4 K., B, 75 2. The single fossil recovered wmz sestained is

siity warl taken from desd-lce morsiss of the Barnatad irifs.

nung:~ Sastrepuds: 7
felucypods: Sehaey i

Hahiliat:~ Indeterminsie. The sarl sud silt seggest s wll sxyges-

‘atsd pond. Tws scourvesses of melluscan fossils are lusufficisat

to provide 3 basis fer coscliusieons osther thas thai sessonylly




. 36
Billingmeier Farm site
Field Farm site
Florenoe Lake site
Muller Farm site 13
Muller Farm site (2
Detlef Farm site
Wheelock Farm site
Painted Woods site
Pelioan Lake site
Boynton Farm site
\]
i
|
BURLEIGH COUNTY J
| Flg. 17. NG R4P OF PURLEIGH CODNTY, NOKTH DAKOY G 1.0
, . o T POSSILIFCRUUS SITES, » BODG LocATIONS
i} p




touperates wetar mas prosest at one time.
X, Pisld Farm 3ira:- This stte is located ia the BELED. ses. 1T,
| T, M4 X, B. TH % It is in stegsation festures I ine Barnstad

drite.
Exmng:~ Gastrepada:
Polecypmio:
Hebisat:~ Type 6, Shnllow Lake.
Y. Flerssse Lake site:~ This site is located in NNt ses. 17,

T. 44 X, 7, TH %, i» cellapsed outumsh in front of ihe Streeter
Soraine of the Burnstad Urift.

fawpy:~ Gastropods: izats §
-

Hshitaki~ Type 2. Strews.
%. Balisy Farm #iie 1:- This site is leceted in the NEGND: ses. 14,
T, M4 6, B, T6 ¥,, 0.25 niles west of K.E. soution corner. The
fossiin were enclosed in silts frow the Burastad Upift,
Easup - %RMI

Palocypods:
Hahitan:~ Type 6, Shallow Lade.

Ad.  Eallscr Farm gite 2:~ This site 13 lecsted 0.25 uiles seuth of the
~ #sotion sernsr of NWLAW: sec. M, T. M4 N, B, 76 ®,, in esliapeed




catwnh sedioenis of the Yurastad Uwify,

faunn - Gamtyepods: Jaluaia izicaxiamta
o 55
Poleoypods: Eiﬂ‘iﬂ
Tpods Ketsdes ltmﬂ probably of
lanaeilis xadiate siliseeiden

Bubiias i~ Type &, Shallow Lake. Altheugk the sqmatic pulmvastses
fawna., Thus permesest wetar wes sndowbtadiy preasnt thresghoul tie
time that the femna jived. Vegelatlen, bothk mrgismel and aquatiec,
ms probably presest and ihe meters were tauporate during the wrs
Detlief Fars aite:- This site is logutoed ia the MLLEW, ses. 22,

T, M4 N, B, 76 5., 0.6 miles west of Highwey 14 in ocollspsed
ontvask la fromt of the Streuter Rarsine of the Burnstad Deif:,

fra - %‘ﬂﬁ"“

ww

Wz- Type &, Shailew Lake.
gt~ This site 15 located 0.6 silos mn of the

seotion corwer im the NIt S¥, of see. i1, ¥. 44 X., &, 77T %, in
denid~ioe moraine of the Bornstad Ovift,
Ppupn:- Gastrspods:

Pelecypods:




»

Behikat:~ Type 6, Shallow Leke.
g1 This stite {5 looated 0.7 niles esst of Lhe R¥

ooy, wee, 12, T, 4 K., B, 79 4., in dosd~ics moraine of the Bura~

sted Drifs,
fnmmni~ Gaxtrepods:

falenypoda:

Hahitat:~ Typs 6, Shellew Lake,
L kgt~ This site In lesated im the NS4 ses. 13,

worsine.

Fanng:~ Sastropeds:
Felanypoda: : i

Hakitag:~ Type 6, Shallow Lake, Herl suggesss standisg, cleer,

pormanent weter bedtes, The fumsas sithough 1t is mmall and sinple

‘supports this ldes,
Hte:~ This site i2 located 0.5 eiles south of KE oz,

see, 19, T, M43 K, i, 78 %., in desdefon morsine »f the Gurasted

Drifs,
Fungn:~ Sastropeds:

Polosypeds:
Sabiiar:~ Type 6, Shallew iake,




"""
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G, Tosther Parm site .
H, Neff FParm site ]
I. Prophets site ;
. Sohroeder Parm site
AK, Silbermann Farh site -
AL, MoCluskey site

AM, Stook Farm site

1

TH DAKOTA, SHOWING LOCATIONS

Fie OF THR POSSILIVEROUS SITSS,
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The following sites wera diseovered and collented My X, 5.
Sherrod, gradoste stwdest st the University of Mowth Uakota snd
Tanporery Geclogist for the Nerth Dakets Geoleginel Swrvey during
the suamer of 1962. 1 se responsible for the idextificakion of
the fossils and any conclusions drawm from thesm,

AG. Zosther Farg Aitn:~ This site is loemted 0.4 miles sopth of NE
oo, 880, 13, T, 148 R, R, 76 ¥. The site is cenposed of lake
sadinents, mstly elay slasd, st the cast odge of the Nissowri
Cotonu distriet. No lake watiine is viaidle 30 presumsbly these
sadinents sre collspeed.

Enunn:~ Gastropeda: (7« .
Hahitak:~ The sedisents seggemt Type 6. Sbhallow Lake, or Type 5,

Deap Lake, The fxwia is tae small to offev inforwatise othey
than the presence of perwasent, clear mter Ia the srea,

4 sikg:i~ This site is loonted 0.6 wiles west of 5E oov.
ses, 19, T, MBK,, &, 7Y #, A single fragwentary gustroped mas
found in & weil defined, % wile dlsmeter bedy of csllpsed ieke
sediments surrennded by high-relief dand fce muvaine.

Fxmeni~ Gastropod: One fragwent
Hahikehi~ Type 6, Skailow Lake. The geslogy ¢f the aves swjgests
a freshmser pond in an lee besin., The fumn is net significent
t8 resonstyuet the esolegy &t the sits, save te lndisate conditions,
sopewhere in the supewglascisl drainsugs systes, wulich canid suppert
wollusks. '

A3, Exenbais miig:~ Thiz aite is lecated 0.2 miles south and 0.2 miles

e
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east of Ui ooy, sec, 29, T. MI N, &, T8 ¥, The sediments were
sollested frem o tailings plie beside s ostile materving dagowt,
The dugout i3 is = dopressios betwesn bigh, weil defined ridges
near the suemit of the Linsols Valley wereise in the ¥rophets
kountains, The molissks were taken fres rhyihmically bedded,
elayey luke sedimests. Hscent sloughs occoupy most of the depres-
sions fn the ares. |

Faung:- Gastrepeds: Syraglng parevs
, Lpmaes *p of. L. sajusixis
Foleaypods: | Spp.

Habitat:~ Type 6, Shsilow iake.

Zoparke:~ The sediments slss costain exeellently preserved fossil
fish of the familina Catostomides (swckers) sand Cyprinidae (ducs
and chub). The molluseas fauna lacks branchiate forws snd may be
Hecont In age. The site is zoseiving Terither stady by Sherrod
{1963). The fish sre beisg studied by urs. Bebert Killer and
Torays Uyeno of the Uslversity of fichigan. The Intier kindly
supplied the tentative identificstions. Thelr age (f. 3. eurly

. Rovent ov Wisecusiman) hes not yot bheen establisted,
' Lo~ This site is located 0.4 miles north of SE

cor. sec. M, T. 147 %., 4, ¥T %, The sedineuts which contuin
the fassil ssllusks sre in dend loe moraine ot the edge of &
collupsed outwash plais, |
Faung:- . Gastrepuds:

Felesypedat




Hshitat:- Typs 2, Stremm, ar Type 6, Shallew Lake.
Silkarmamn Farm sika:~ This sise §3 loswsed 0.4 alles nerth of 8K
eor. sec. 36, T. MT K., &. 77 ¥. The fossilifercus sediasnts ars
#% the sdge of a body of collapsed culwmash sadimests.

Fanas:- Gastrepods: Yalyaia trieaxisata

Hahitat:~ Type 2, Stream.

EeClusky site:~ This site i3 located 0.2 miles sewth of MK cor.
sew, 31, Y. MY N, &, 7 ﬁ; The sedizests containing the fossil
sellusks sre clay and ave & part of o body of dasd ics mereine.

ho defissble lske sutliine was shserved by ip. Sherved st this site.

fanpa:- Guityopeds: Yalvais sxigarinsets
31 &p.
felesypads: Eia app.

Babitat:- Type 1, deckwater, Type 4, Jelta Frost, Type 5, Geep Lake,
ar Type 6, Shallow lake,

Stook Tarm site:~ This aite iz lecated 0.3 ailes south of X% eor,
see. 13, T. 146 N., &, 77 ¥, The sedimests gre in dead ice worsise
and tae fossiis are comtsined in clayey silt., fs fefissble owtline
of » body of lake sadiments was observed by v, Shersad,

Zannac~ Gestropeds: smpienla of. A. limess
velonypods:
Hakizag:~ Type 6, Shallow Lake.

&r, Ganses discovered aund ssilooted o Fossiiifersus sits ia

slvide Comaty., The site deseribed below is intaresting as it shews
the geographia range in Berth Lekota of the fussilifersas fos-comtast




Fig. 19,

I i i T ‘ AN. Rognle site
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feonas sasecisted with the Risseur! Cotenn, Uivide Comnty 18 lu
the extirese nénamﬁnn corner 57 ¥ortd mtniiz. il met ot
fully statied, the Pissowri Totenw is kacws teo safiniels its
charweter of kigh vuiief snd low relief Jesd-ice seratac frem
vickey Tomaty 13 i%e teribeest o Owids County 5 the nerthwest
ssd 13 15 predadle thet the somditiess postulated from the emsmia-
stice of Ihe secinments sed fossils reported tere frem the sSoutdars
part sf the.Cotean sre typical of the entire Eissouri Coteam

distriet,

A gom gitere t&%& site 1s Joemted e ihe SWLEWKEY, ses, M,
. l6 ¥, €. 96 2., very neur the ams--mxm GCownty bowndary,
skant 2t miles gowth of thke Conadian bouednry, The jsesple wms

esliscien frer s road=cut sesy the boundery of collapsed lake snd
eclliapned eutwmels sediogmis, The sediments from whick samples
were takes f3 2 fest thiek. & thin surface sofl zeome is devel spod

s the top of this body of seulsents zad the uit overliss a

. sedise~graiosd xand unil of veakweswe thickvess, bl wmell sresl

extort, The drift $1 of efther lute Siscensinan or errly Lotent

age and 18 38 yol unzemed.,

fansas- dustropods:  Yaluain Aziss

A R RS2 %
NN N N

el weypoda: & 'y

Bobisgt:~ Type 3, Lelts Tep; Type 4, uslta Froet: or Type 6,
Shatlow Lake, |
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CONCLUS IO

| Toe consiusions whish lagieally iaswe from this type of study are
of two typen: flrst, the sygunisss sre presmptive evidenca for esolagic
cenditions; swd secendly, the sewndisions inferred is ene provide the
basis for sscendery semcliusions with respest to svalmtions of geslegio
time and 1he corvelation of sedisents,

The rescanuissnge sature of this investigation preciundes sll Mt
the gressest gemeralities. "’ta postalate detalls of the aqustic environ~
sent and its shenienl composition end physicsl sondition {5 an over-

- axtension of eur knowledge of the esologls Limits of 12e varices spesies

of mollusks. General c¢linatis conditions can be suggested and coupari~
sous with regions carvently supperting stsiler wollunscan commanities
catt be safely made, | |

From yatber limited studins of the Kecent mollascen feuna of the
Kisssurs Cotoan (Tuthill awd Lofrd, 1963) u slight, but sigaificant
difference in the species compesition sppears to exist, The Becest
favnns are stroagly desisated by the pulmsaate gemers PRyss. Lumsass
and Syranlag, whoress the Wisconsinan founas ware aﬁml} donisnted
by the prosehrsxchiste gewers Ygluals end Amnigela. This suggests the
greater persanency of water bodies durisg ¥iseensissn tise. A more
kunid olimats mould be the logissl sewse for grester permassmey of
squatic envirewments thee msw exists. All apectes found i the fossil
fusnus are found in bedies of mater in the Cotene Slepe distrist which
sdjoins the Hissouri Cotans district on the west and whieh forms the
sasters drainnge slepe of the NMssenri River in the ares. The operen~
Iates sre REaseNt In the Cotean Sleps. but do g} deminste there.
Thus the fownal diffevences sre sssessble only by an evalanstioes of




o7

ssllsscan cammunitiss vather tiss by spauies oempositisn differsnses

saused by loeal extersmination or sttual svelutlosary sxtisetlon.

The nearest aren knowm to suppers mollusosn fasuss essentially
fdentical te the ¥isconsinas founes is aerthwestern Misnssota (Tuthill,
Claytom, snd Lafrd, i press). The climatic differences betwesn this
part of Mimnesota amd the Kisseuwri Cotees distriet in North lakols
are very slight, The sost sigsificant apparvent differsnce seems to
by that the Ninanesots locality is 1o an arem having & swrplus with
respent to precipiteticos-svapetranspiretion relaticeships, wheroms
the Rissouri Coteen is an ares of defisiency (Thermibwmite, 1948),
This diffoyence, slight though it be, has far resching affeets on
asselsgic conditions fu the twe srens. The chemistyy of the lskss i
the two areas ﬂw very directly to this vatie of precipitation
¥h. svapetrinspiretion, |

The geolagy of the Bisgeuri Cateau cleariy indicstes a3 dysamic
situst fon where thick deift cover eenserved burled ice blocks for
losg perisds of time., Caliapsse of sedieestia, dralnisg of pends sad
lakes snd deflection of river and siveem courses would be expested te
oscur with grester fraquenty thos uader move usuml senditiens., The
amouat of dynsmis draisage shange coxld not huve bees wery grest,
howevnr, becanse the dominsnce af fossil welluscean communitiss by
gill-baaring epercuistes suggests clear water. That nuntomhu
bodies of ciear water could endurs in the termisal fse of 2 stagnamt
glscier has beer proved bLy stwiies T ow sonducting im the aves of Lhe
Sariis Kiver Glseler, Aleske, Altbough wost of the glacier selt water
%m is carried swmy by turdid stireoms and nany polar lakes of turbid
mu exiat, » siguificant sumber of clear-wster, temperate iskes axist
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in the lee of the staguent terminue amd ave rendeved ossentially
insulsted from tde fee by approximetely 1O faet of drift, It ssens

| 1fkely from the fossii cvidence ss weil as tbe gesiegle wvidmes thet
an snalogowns situstios sxisted on the Elssouri Coteas duriag lete
Tazonsinne tise.

The fuwnss teken from sedicents Saving s oleurly leaitis envires-
amnt of doposition temps the worker %o drsw cosslusicas ubeut olimstie
sssuges through the tlse of Jdepasiiies. The kamwds eof dolug this ave
shyisus from & sosaideration of ihe probsble inssabilisy sf iths wmvivon-
asats, A8 sentionsd shove ihe causes for serked shanges ia ¢ lenitic
or s lotie suvivomment would be leglen. Yo nanume that faunal changes,
wbleh do isdoesd exist ia vertical segquemees, represent olimstic shasge
anly. s g igoeze thess special conditioss of au les-cared laandfore
as wall 38 probiess of diapersel, possible succession. sad greis-simm
selsction in sedissmistion (1. g. Sostserten transportatlen suwd sertisg
of shells beosuss of setiling veloelily differeaces),

The actoal sssunt of oxypes, esrbop dioxide, sitrate, otc. dissalved
in the maters of the *issonsissn aquetlic saviruamest3 cammot Lo lsferred
fron the species composiiien of tho melluscan fauna at the pressat time.
Thove {2 no donbt that the somditions of the water wors not wnlike
Lecaol watars comtaining cssentially tbe sawe famsas (. g. sowih~
wostera Kianesota), but ware spesific isferences decrease the acemrscy
of paleveselagic conclusions st the present tiwe.

5 slusble sdditionsl Biots cen be iaferred frow the fossil sssem~
bisge. Confidense ia the probable pressnes of this diata i3 reletively
nigh, hut £t ahould be aetad that particulnr elements ef this biots axe
the product of presumptive evidenew: the astunl genmers ami species
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wesiioned say bave dees repisced by stbers which would cospiets the
camsnaily squally weil,

e saindd, ad previcasly cemtioned, roguire fisk o0 she lamilies
Ferckiue ot Cemtravchides in thuir glechidiel stage. lsay of Lie
iniexiows of the shells of Jpodents gxasils exhibit small (ebout O.5m
Righ and 0.70ae dia.) pear) biisiers. These ave similar to the biisters
farwed evar tha oygs of altes of the gewus Jalgels Haldemes 1842 i
Living specimens. Lamaadlis Esdinty alllmmlden ead prebably spesies
of jnudenia Soe, Jvequentiy arve hosta fov she Sveestodes Cubylassis
Jaslsnls eod Apnldocamiar susshicala. The sucuss coat of the mustle
frequwatly contalns variows species of Variicails ss well as the
sretists Copchoaihing AREkMA *% . ameduniag. The eligeckeste wers
Shantouasise Limaasi is froquemtly found in waisd valves whevs it leeds
on the¢ varieas persaites, Noymal pradaters of suisds today are saskrats,
TanEOORS, ui-&l. water fowl, tartles snd ses. It is concwivable ihat
xoa oy all of thase ware presest duving inile siscensingn tiwe. Aguatie
~“ well as warginal vegetution wes present in soms fers as a basis of
the diet of the gimms,

The gastrepod fouss seggesss the possible presesce of 1bo plant
Aladen. Tuds. Cladephara. dedocenivg. owd Luusbatia. if preseat (lorel
assvciates of the various species of seeils in the mid-continmt ave
alse typisal for late Piscomsisan time.

‘Chrosolegy, the comstest coscern of the palesstolegist, Ls cwmplie
nmumzmzhtmammiasfmtmnmi;
extinet nor even losslly exterminsted. The cesmmaity, es discussod

above, ay svemluslly prove (o be uselvl Jor age detenmisations. At
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praseat the sedimsuts in she Eisssuri Cotess district whick comtein
tentatively used 0 assign 1% a Hisssasinan age.

Actually the aatwis ave providing the sost infommtiion for assess-
sests of age. They dave hien used for the detersinstion of radiscarben
sge of five sites (Gutseduidt Ferm site « 5556, 9,000.300; Nwe Ferw
site = 1149, 9.630-380; Sehewer Furm site ~ 5954, 9,870-290;
Clovelend sfte ~ %086, 11,070.200; and Huffw hall site ~ BG4,
13,.650-310, see Fig. 20). These dates are tes fow in samber to provide
the besis for « fTermal tine-glassificetion for use in North iskota.
They do sugpest s patiern of svests and are futisstely assesiazted with
palovecslogie intavpretations. Fig. 10 shews the chrosslegie relatise. -
ships of these five sites graphically. A medifiestion of & pertien of
Frye sed ¥illesn®s (1960) elassifisation, propesed for the Niohigan
lobe 1n Silinsis is showm e Fig. 3. As this clessifisstien is bassd
o radiosarbon Sine, rether than l1itMelogic extessions, I regard {1 as
being at least gersane if mot of wnduring velne in the aves stadind,

If the distribution of thess five dates proves to be s vefleution
of the situatien whish sotually sxims, selloshs ssy have lived in the
aquatic envirosnests sf the Kisssuri Cstesn during the lstter part of
Twncrockan time, bess lotully exterminsted (pessidly by sess sspest of
siinate) during early Velderss tine and then retarssd during s latisr
part of that tise, Tha drift of the Sissenri Cotesn ia its estivety
NBuffaungsthall sites (the sldest) are iaside the Strester Nerzine of
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Horaine, but Inside the Burasted Nornise (3. g.. Nus Farm sites) dess

- ot entablish the mexinws age of the suter part of the Suranstad Orift,

Akl of the sites which Mave Deen radissardes dmted (Fig. )
omeept the Schausy Farm site lle on the preximal afde of the Strester
Forafse. The Solawer Fam site is in sedimests en the distal side of

_ ke Strester lieralne et on the praximgl side of the Durmsted Norsine.

Thus 4 would sppenr that the latest dute whish sould be assignad te
the Sereator advence wonid be that of the Wuffeuungatdell site (1. g.
11,650 = 380 ¢34 yys B.P.). Clayton (1963, p. 65) states that the
sadiments wt Rhe Buffuwngeidall site are lake sediments whieh were
ingovpornted in ond moraine sf the Sirester Norsine, 1 ¢his 15 true,
and 1o topoqraphy and sedimentary sirwetares st the aits stromgly
support Clayton's contantilen, the Clewelend £ive preovides s more
conservative date for the latest date of the Strester advanes (§. g,
11,010 ® 300 C}4 yewes 5.7.3. The Cleveland site comld ast buve hee
formed during setive sdvense of the ice which emplacad the povtien of
tho Durastad Orift sheet whbish is proximsl to the Stresiev Norsine,
bt must have formed prisr to the cenplete wasting of the stagrant fee.
Thus the Strester ioe sdvanssd into Logam Comaty after 11,630 =
350 G4 grs, B.P. and had stegnated in Stwtswen Cowsty befove 11,070 ®

cH gra, 8.2,

he eollapsad sature of sest of the sediments which surfeer the
Kfssours Cotess does Indicate the ssaswrvalive mature of meltimg,
posaidly daving regmired 2,100 yours for the lce underiying the Rissewri
Catenn to melt,

Theso studies suggest the valwe of contiamation of the work and
the extonsion of investigatien to both the serth end the semth, a8




fossil mollesks sheuld oventuslly provide sriteris for msre relisble
correlation of glacisl sediments thon the teshnigues of lithelegie
equivaloncy will sllow, as well as possible details of late Pleistocens

climmte.




T4

GESCHEIPTIVE PALEGKYOLUGY
In this section a purtisl synomyay Is given whiok ia desigued te
 fadicete the consepts of the varisws apecies with uhish I believe the
ustorial Trem the Missonri Cotesn distriet compares. [ have not
includod oviginal sitations becsuse I have sot sewn swst of them. The
purpose of this fnvestigation is paleescologic and not priwerily
taxonomic. A brisf dessription of the fossil saterial, inelwnding
soasurenenis of vepresastative specimens, Geologis nge of the material
described, snd recovds of cocurronse are slse given., The recerds of
ovcurrence ave givem by & loiter which refsrs te the site and a swnbevy
whizh is the catalegue sanber snder which the specinmen or specimens
ix cursted in the Dntversisy of dorth Usketa Depavrimeat of Geolegy
eollection,
The following meanings are assigned to the terms; very mell,
mall, wediem, and lavge:
Pelaeypods: Very sssll = less thes ¥ em,
Small 3 greetor than § an to 2 e in grestest
dinensien,
ledinn = greater than 2 on to 1D ¢= i greatest
dimensisn,
Large = grester thsa 10 om in greatest dimensiea.
Gastrepoeds: Very swall % jiess then 2w in grestest dimession.
Scall * greater than 2 am 50 5 s Is greatest
dinansion,
Epdium = graster than S sm %o 10 wx in greatest
dimension,
Large * greuter thex 10 am in grestest dissasien,
™e destriptive terninelegy of Cox (1960, p. 106~126) 18 waed for

gestropods ia this seetion.




Fig. 21.

DIAGRAR OF Shrll, ORIENTATIONS

SED IN MEASURING OF SPECIMENS,
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Systemstic List Of Nollunea

vmm

mial ml«, m.

Anghris (Mnller), 1774.
milis (Sey), 1832,
LS X (le}. 1&&

— m (Say), 1817.

¥ %?"1&&?“’
s Cep). 10T,

A oi“o

wnmm
Family SUCUINEIOAR
Snaniess sxaya.(Sey}, 1824,




Angdosis ursadis Sey. 1829
P1. 2 Fig. 1

3¥ %M& Suy, Ball, 1900, Usrrimse Alssks Series, v. 13,
p. 139130, Dekur, 1920a, Fissonsin Geel. Nat, Hisa. Servey
wto W'. ’tt 3. Po lﬁﬁ*lﬁﬁ. e M mi“c lmc Kich, Unlv.
mo ~m!'n aut mt. m, ” Mﬂ

bestristion af sha fanail muterinl:~ Nodiwa; welatively thia
shellad; produced in the arws of the besks; rounded antarisr sargis:
lougth apprexiestely tuiee height; postarior mergin, ssuelly hrekem,
asryowisg to a rosnded point: besk with coscestrie dmuble~leuped
ridges: ae testh,
URD = ¥alve Height Length

-1 Eight , % 37 sreken posterior
N9 Laft 4.77
3208~1 Lafy 4.7
32082 Left 3.0
32083 Lafy 5.2
nw Laft 3.04
2 Articulat 2.88 5.13
Left and right

L3 B 2 2N 2 |
s ¥ 3 3

SagExransss:~ A. 3222, Ma2; L. oeswrs; 3. 3291, 3392; N. JA1Ty
. 398, 397, 201, 3207, IN2, W4,

Seeleuin Age:i~ Late ¥iscoasissn.

Sesnzkac~ Apgdoata grapdis in cosnjwnction with the other saiads is
fupertant presuwptive svidesos for fish of the families Contravehides
and Pereidee, species of whisk sevve as dests for the glovhidie of the
clams. 3. Srawdis feeds ouly on vogetshie detritas (Howsrd, 1922,
pe 63-39) thus suggesting abandast aquetie vegeietion: the respiretery
sothod (glile) of this spesien requires relatively cisar mtsy. Uaring
the firet tawo yours of this study » sesrch fer foseil resains of fish




in the Hiaseuri Cotoaw sediments was frultiess, bet My, &, B, EZhercod
{1963) hus found specimeug of doth of 2 fveshi~uwater fish (see Prophets
 site AD in collepsed leke sediments in Sheridee County,

Ansdonteldas farxysnsinnus (Leei, 1034
s (Lon}. Daber, 1938s, Wise. Gool. Nat,

{1)

"ist, Servey Seil. 70, ph. 2, pi. 178, pl. 67, fig, 3, 4, 7.
F1. 75, fig, 205, Ves dar Sebalis, 1936, Wich. Daiv. Nes. ivel.
Hise, Pudl. 40, p. 32, 36,

essziotiss of Sossi] metorisl:- Rediua, thin shelled, eilfptionl
(umrging m}s bask ml;nm of single-loeped, comomntric bars;
without hinge toeth; besks swtavrisr and slightly presceline,

Susurzames:~ 4. 3323,

Gvolonis Age:- Late Nisconsinen,

Eomarks:~ This spscies is diffeventioted (in the shall) from smell
Angdaata sxandis by the deak sculpture sccordisg to Baker (1928s, 177).
In A, grsisdla the beak has cencentric, vaisad leaps or bars which Mve
ons oy more doflewtien townrd and sway Crom ihe spex s o8 %o forw seall
adapieal V™ ia soth loep. A. fexrasscispis does set dave thase
deflections and the loops are srrmaged cousentrisaily. The shells
sssigued to this spesies wers brokes at the marging, but sufficlest
materiel wan prosent to support the conclusiow smde fram an evssimstion
of she bosks o pewnit & good degree of coufidenes in tho idemtifieation.

tampailiz xediats allisualden (Berses), 1823,
. 2 Pigs, 37

, (Barnes), . 1938a, ¥se. Gesl. Net,

m v & ?9. “t z' ,‘ m; ’le W. t“i “; ”u %,
m. 1. van der Sehslie, 1938, Uish. Uniy. Nas. 2owl. Eive,
Pabi. 40, p. 67, f1g. 93,

{1)




shelled; sllipticsl, 1§ tises o8 long as bigh, swootk, female with
‘mln pesterior ventral margin st grestest height ia pesterier 'i;
besk sealpture of seversl fise wavy bers which lsep apleally st their
ends: besks santavior and siightly prosccline; twe Istersl testh in left
mive, one (2 right vaive; psewiscaidisal teeth ragged, left valve
containing the latgyer, Grewtb-intarruption lises 2egular and mot

strongly reised,

o = Yalve Height
/e fgn ' é.g ;

K. ) t ;

319 :.:3: 2 .ﬁ
330 Right tort,) Broken
3200 Left (art.) 5.80
3304-1 Lafs 4.C2
3204~2 Lefr {(art.) S. 4
32042 Right (art.) 4.74
3B~ Bight 4.56
o4-4 Laft 4.57
3304~3 Sight 4.27
320446 Right 8.13
32047 Hight 5.4
N Right $.98
31991 8 tart. 4.53
3901 Lz‘(nﬂa) 4.54
31992 4.46

Wi

¥nle
iale
Famale
Nale
Egle
sale

inle
Fesals

Rale
Sale
kale
Kale
Faumale

Famale
Femsle

kale
Tomle

Vomale
Bale

Praa sdbrevistion art. sesss the valves wsre srticalsted and
therefors sousuionents are slightly differest thean wenld be sbtuined
from single nim




)

B/02 Left {ers,) 4.53 .16 Fesals
3602 Right 4.9 819 Fomale

Sesurrsases:- 5. 3644, 3047 1. 328; B, 3286; 5. UM, %6, A%,
5199, 3300, 3202, 3203, 3304, 3206, 30, 3210, 3311, 3MI, 326, N9,
aare, IWO, M, W2, 2383,

Sssingis Age:~ Late wiseonainwn.

Eamsrks:~ Shell fragmeuts have besn found ot sites: 4, C. &, 4, J,
Lo B, P and XK. It i35 pessible that those Cregments, often sethiag sove
than prisms, are reworked from older sediments, It is movs ltkely,
however, that these {ragunents are fyvom Pleistovens naleds, bat the
possibility that thay are from Crotacesas marise pelecypods easmsot be
iguored,

Scheszium *pp.
M. 2 Fig. 2

sesexintion of fossil material:~ fﬁu, this-shelled, oval to
trissquiste, besks emtral, ssterior and posterier balves approximately
symatrionl is extevssl appearsuce, sardissl snd latersl teeth presest,
presepon of fine concentrie ridges. Kasy shells have a rsised spieal
pertion of the walve which ssuslly beve csscentric gromth-interruption
Jines,
o o Height amgth

T2 R > { .80
301 4 1.2
m"l ‘o“ 1.8
B2 1,28 1.67

(R - ﬁ. ME B. m: 30 m‘ m 3:36‘. m; m3

N, 3374; X. 3135; ab, 3179, 3183, 3)eT.




Geelogie Age:~ Lale viscousioewm, '
Besaxks:~ Tow pazpose of this reseurch was %o assass the paleo-
etology ef the “isconsimam sediments of the Bissouri Cotean. The
saxcsomy of the Spheeriidee ssuits sajor mi:iﬂ. therefore scnlagle
inferences baded on species of this family sve suhjest 10 grest errer,
For this reassn their scourronce Bas been noted, bat they Bave met
bewa theroughly studied ss yes,

Elaidimm spp.
.1 Pig. M

MBLE of fossll maserinl:~ Very small; spproximetely as bigh
s loag. Uepionic wvalve aet distingulshable in prosepes: beaks scceatrie

with Tespest 1o o plane sevmal to Lie plene of commissure amd parsilel
to the Line of greatost balght;: latersl testh presest,

kg = Helght Length
33301 “% -
3220-2 o723 07T
32305 873 R: .
I220-6 0T R
T o& o%i

Penurxencen:~ A, 3681&; B. 3592, 09, 2619, 3626, W35, 3637, 3642;
8. 1765; £, 3605; F, 1781; €. 3469, 3562; i. ceswrs; J. 3414, M18, 3426;
k. 3341, 3380; 3. 2978, 33Te, 3379, 3383 N, M00; O, 3360, 1366; N, 3449
3. 3230, 32%0, JM3, I2WO, 36, IATI, 391, 1300, 3068, 382, 3332, WYY
U. 3561; %, 31X3; i, 3M0; AR, 3150; AC. 3181; AG, 3186; AE, 3162; AF. MM,
3120; AL, 51845 AJ. S166: AL, 6199; an. 6172,

Saologls Age:- Late “isconsisen.

Zomarks:~ The atats of the taxesemy of this grewp amits mmjor




revisions, As in the case of Sghpories, I bave set ettempted speeific
assigneent of PLlaldipy becense thay will set offer » satisfastery basis
for palecescelogia reconstruwetion wnsil they ous be soalidesily idemtified
snd are widely eollsetod,

Yalmats Szicarineis (Sey). 017,
| #1. 1 Pigs. 14.16.

$1> Yalysia & 3. Malker, 1902, Newtilus, v. 15,
p. 1311 tq. lmi. Oall, 19085, Herrises Alaska Series,
v. 13, ;. 121, fig. 93. Beker, 1928, discensin Geel. Hat.
#ist, Smrvey Bull. 70, pt. 1, p. 16, pi. ), ﬁg., i-3. Frye
g‘ Leonard, 1952, Kunsas Geel. Swrvey Ball. 99, pl. 15,
g. G

2) mm;w 2axssofass “aiker. Seker, 1928, op. ait,
p. 16, pl. 1, fig. 4.

ial:~ Zemll: sbowt 2 whoris; turbisste,

dextral, erthostyophle, sarinste with ), 3, or 3 carisse er nemcarimmste,
whorl profile eirevlar, first two whorls invelute, subsequant whorls
evolute, uture st smiddle Varine; suclens withewi carinse or orasseats-
‘tion, suaken below sext whoerl; surfece shiay and with thresd trassverso
lings at foswer aperiurs pesitions; sperisxe cirvoalar, aperculiste,
without & oullns; asrrew iafsadibuluto mebilicus.

W 3 Mo, of ~ Ehald Aperture | Umbilicus
thorly Hotyht Oisneter Holight Viemetex Slamter
Med-l 31 3.0 4. T ““’""‘m -
3204~2 32 3.2 4.0 2.0 1.8 i.0
643 ain 3.9 3.8 1.9 1.7 1.0
W a ‘,2 z.iﬁ 4@3 i.g lqt i.ﬁ
33045 31/4 2.7 3.8 1.9 1.8 a.7
W4T 2 V4 1.7 2.8 1.2 1.2 0.8
3-8 312 2.6 4.1 1.9 18 1.1
3245 312 2.4 3.6 i.h 1.5 0.8
ww 3 lf? 3» 3.5 3.5 lné 9.3
JAe-11 3 2.0 3.9 " 1.4 2.6
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5

IWa-12 21 1.6 2.3 1.3 1.3 0.4
Mu 3 . l * 2-# 103 ta$ ans
32414 3172 2.5 3.5 1.7 1.6 0.8
$870-1 3 1/4 2.7 3,7 1.8 1.6 3.7
Wﬂ 3 l 8 ae‘ !03 xug ﬁ.ﬁ
BT0-3 3 1.9 3.3 1.4 1.5 1.0
5704 3 2.6 a.8 1.8 1.7 2.7
W08 3 2.1 3.4 1.4 1.5 a.8

Goexrrences:- A. 3509; B, 3SBY, 3407, 3618, 3623, 3430, 39,
3645; C. 1TTS, 359%; U, 1767 B, 3644; F. 17883; 6. 3579, 3445; B. 384
2. 311, 3417, 3626, 342y K. 3485; L, 3442, 3352; W, 3067, 3881, 3378,
¥, 3403; O, 3506, 3065; P. 37S; 5. 3231, 3M6, 32S1, 33, ST, 329%;
3299, 3307, 3322, 3323, 3329, a%TO; T. 3264; U. /e X. 3; Y. NTH
%, 3138 AR, 3149 AB. 3168; AC. 3159: AU, 3188; AF, 312, N6
. BIST; AJ. 5168; 2K, 61625 AL. 61607 AN, 6173,

Sealegic Age:- Late wissomsinas, |

¥alvata lawisi Corrier, 1368
. 1 Fig. 18
% j?ug ericf. all, 1908, Alaska Hurrisas Series,
p. 1 1‘9&, %isconsin Genl, Nat. Hist,
Survey Bull. m. pt. l. p. =29, pl. 1, fig. 26-20.

pl:~ Smeil; sbewt 3 whovls; turbinste,

daxirel, mnnau. sdvolute, withomt mm suinres lmpreassd;
sarfaue with cearsor tressverse lines than in the ezarinste form of

¥. izisaxiamia: ouclews umormmmenied, rising sbove next wheri; apertere
sircular, sperculate, nithomt a u&lu‘l; aderastely narvew wbilicus.

B s Mo, of Shell Apertars Dwh§ 3 tans
lnkght Dimeter ﬂnim S}Mu Uiameter
3Be6~ B 172 ‘H" % ﬁ . "%‘.a&“""él. .!'z"“ "““L"'x 0
35851 3 /4 2.9 4.2 1.8 1.8 1.0
S385-2 3 3/4 3.6 4.3 1.8 1.7 1.0
A3 3 M .7 4.5 2.1 2.1 1.0
. 3385.4 31/2 2.7 3.6 1.8 1.7 2.8

203867




MSosrvenges:~ B. 3091, 3414; L. 3304; C, 3586; N. 3568; 9. M8
5, 3568; AJ, 6187,

Hamazks:~ This spenies vu suite rare in the cellestions from the
Fleistesons sedimanty of the Nissouri Cotenw asd is net, thersfore, »
sigaificent tawon in vecenstyacting the palssscelagy of the sites where
it 1s tound,

Sxnisels liseas (Say), 1817
£1. 1 Figs. 18, 19
) tm). tell, 1908, Harviman Alssks Sevies, v. 13,
2. E% iﬂ"&. . 1930, Sisconsin Gool. Net. Ristory Survey
Bull. T0, pt. 1, p. 93. 91. i-6.
) %@Pm (Say). Beker, 1928, op. eit., p. 98, pl. 6,

{3) A 28 paren (Les). Baker, 1906, op. cit.. p. 102, pl. é.
Frye and Loonard, 1952, Kansns Geol. Swrvey Bamll.

;l. 13. ﬁg. t.
§ Saker. Rekor, 1928, op. oit., p. 101,

“ . fig. 22, 3.

%) & . 1alakton Seker. md imt 8. sit., 2 IW. ,ﬁto &;

o~

(6) {%' Y é#‘n in (Say), Berry, 1943, Nicbigas Univ. Nes.
%‘”- LR "p. %g 93. lu f*'n i:

bestrintion of fasail matexinl:~ Seall; 4% whorls; cousheldel,
g&m&n Mhltﬂalilc. ammu tnvolate:; auslews slovated sbove amt
whorl, meth or sisstely granuler; surfuce with transverse thresd
sestellen, finey and sere widely spaced spiral lises; wervew mwbilicus

exposes only the last whorl; aperture covdate eperculiste.

oo = o, of Shall Apurture
heris mm mw« Helght Dleseter

B EyY;] *"‘43 : gt 25"1—-"!‘:. .

38692 41/2 4.6 2.8 2.6 2.0

30693 -4 /2 4.3 3.4 2.2 1.8

Y S




35494 41/2 40 3.4 a1 1.8
TR+ N S
=;motoBoH P .
o8B v

Suearreusns:~ A. 3B 8. 3560, 3608, 3627, 36363 C. 1771 O, 1S
E. 348); f. Y7173 B, preseat; J. 3505, 310, 22, 3427, 3e41; K. 7Y
L. 3343, 3086 ¥, 3371, 3362; N. M01; 0. 3359, Joe4; ¢, 3454, 3881,
5. 2292, 3293, 3338, 2226, 3337, 328n, 241, 0, 3N, 36, 33T,
2569 T, 2966; U, 3We6; X, 3198 ¥, S176; 4. 3137¢ AB, 3167; AC, 3158;
A2, 31933 AF, 31203 AR, 6176,

Saplonts Agei- Lete ®isconsinsa.

BamEka:~ The Wsesnsines wolluske of the Nissouri Coteaw district
sre aot perceptibly diffevest ian shell form from Bovent specimams I
aave seen. ue omeeptica s tALs statemsst 1¢ suggosted by snelis of
the family Hydrobitdee. Zmpisels lgiahtesi Seker, 1970, wae sumed for
Floistossns spacioms Trox Ohie. The shavesters outiised by Saker
{1920, p. 135, 1901, p. 3, and 1928, p, 119-121), for this species [it
the spesimens iisted xs Annigels limesn (Sey), 1817, im this repuri.
It 18 uy opinion thas Baler’s speciss surely vepresssts s portien of
the species 4. Llaggs and i3 synomymeus with the lutter. The A. Lissss
specinens I hure sees frem the Iliiseia Geslogisal Swrvey Neseuws sowpaye
favorably with the specimens of 4. lelghsani Trew the sawe cellections.
Baker idestifies sll of the sstevisl in the Xliseis Geslegionl Swrvey
Husown collestions snd I belisve that Bis assipwsens of specioms to
A. laighienl 1o wevely & froctisnstion of s growp whied is knew to
vary greatly ia shell form. Ur. Eimer €. Berey of the Laburstory of
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Pavesitic Disssses, Natiosal Institete of Allergy sad Infeotions
Uissnse, Bethesdn, Enryland, bas idantified specimmms frem $he Nue
Farm site (8) s A. limess (pevsomul commasisstion).

Ihyan op.
Fl. 1 Figs. 13, 1A
easxiation of fessll sasexisl:~ Sesll t5 wodims; 4 whorls stowt-
foaiforn, sinistral, ortbostrephic; mederstely sssveiunte with the bedy
of sholl height; shell wery thin, wery fine Shrond trewverse lises in
former apovture pesitions: sperture lurge snd ovate, with a distinet
paristal sellus; eryptonphalens.

) = %o, of Shell " Helght of Aperture
worls Height Olemeter Last herl Retght Diswstor

WE T - m """‘""sa’.g '

203 314 3.5 3.3 - 8.2 3.0 1.4

E?M*‘! “ ﬁné ‘o : 353 5.@ 30 3
1.0

44 2 1.3 1.4 3.2 0.4

-~

SuLTeNRes:~ C. 3597; O, 1T64; G. 3560; J. 300, 3430; N, 3598;
B, M#d; 5, 3328; Ao, 3181,

Senlngle Angi~ MQ K{zconainan,

Beunxks:~ ¥ost of the shells frem the ¥Mlssouri Cotean sedinents
sppeer to be Sasature specimens sad lseh sufficient charasteristios for
specific sssignaents. Identifleation of the spesies of thin genus 1s
beset with basards because of sds greai merphelogic vaviation of the
anen, prosmmbly. in respenss to ecolegic sonditions. hym is one
of the gemers of freshwster ssuils mest sble te endare genorslly adverse
eonditions. Tt is oan of the asst common of the geners of the Recent




suei}l Tawne of the Eisseuri Cotean. Its varity, thevefere, in ¥iscom-

ginas nellusesc cossmaities 1z sot eavy to interpret. Esoslepie pressure

from other species of mollusks may De » legionl axplanctien. 7ts rarity

is eot » seatistionl faeter. The tendenty for the shells to unonil when

dried and tho large sine of the bady whorl may sscoust for s soarefty

in what it is extremely fragile snd say be move povrly presevved,
Langlends Mﬁ Linkens 33, gua;fu: Baker, 1928, ¥ige.
“"‘ A4 ok . wil. 70, pt. 1. p. 220, pd. 13,

4 %ﬂlm (Say). Bakev, fhic., p. 23, pi. 13,

{3) W {kslior), Hubsndiek, 195), Zwsgl. Svenek.
Yot Bandl., ser. 4, v. 3, p. 04, 85, 119-122, figs. 190,
191, 195-303, fig. 303, b, », and ¥ tul;).

g.of fassil sexerinl:~ Large: 5 whoris, last whovl less
than 4 tosal helght, shouiders leskimg, eapsnasiom of later whevis
ragelar; sryptomphelons; sollumsar fold weakly developed; net gperenlate;
prosepon of fine trunsverse throads, sowe spwsinsus welewisd in last
whorl.

Ne. of Shell
erls Betghe Uiometar ﬁéi axm«

-ﬂg—v ‘.3 ' A ” "

Saenrcances:- §. 3BO; V. T01; al. 6182,
Saeleis dan:~ Lote Wisonsinan,




Lammaes mausalis (Linwe) 1758
Say. Baker, 1928, Wiss. Genl. Nat,

ﬁlﬂi m ‘ t'lc ﬁ. ,‘& i‘ ’- tM ”o tx«g f‘ﬁ; éc a& lsa
12 wnd 13 Comly), 71, 12, 4 (esdy).

(m}. Hobendiek, 1951, Hangl. Swausks
: mlm m 30 e, 1; £ il‘-il’.

fig, 300 (E & 7 only),

mtm%m:mm mptul Mumxmx. {sdmnlders
rounded, spive sttesmsted, sxpunding vepidly in last wherl:), sryptes-
phalons; columellar fold well developed; mwet operculate,

iy » Ko. of Shell Aparture
therls sight Stemeter Helght Dismeter

‘Mx e 172 '5 - -
Y 1.0 12.4 15.4 100
22053 & 0.6 159 177 9.9

DesNcrensss:- 3. 3240, 3209,

Saglouie Aan:~ Late Wissousinan,

Emmazkac~ The fragility of the shells foumd st the Nws Ferm site
(8} presluded avilention of many whole specisens. Neny specivens were
sen in the sndiments doring exeavetion of this site, only s Taw of
which ceuld be sollested. Oespite the sall sumber of specissns in the
oslluction, there semsn little dosbt shat wt sae Lime during the
sxistenes of the aqustic envireswent ot this sixe, Losmaps stamemliis

ke Stasalis skells were ssws in the sedimests of the Pedell Farm
site (¥}, but collection of whole spectmsns wes imposaible.
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Lomesa kamilis Sey. 1822
7.1 Figs, 9, 10,

(1) %% Say, 1822, Jour. Acad, Nes. Sef. Pilae., ¥v. 2,
1998, ». 73, fig. 50. w 1981, kumgl.
m fanm Handl « Dund 3, Ne. 1, p. 126,
168, fig. and & enly). Tathi] 1. cmm aad Laird,
1963, Amex. Iu}

Mat. (in press),

A{Say), Y995, Beker, Wisconain Gesl. ling, Mist.
, B 1. po 308308, pi. 18, fig. 41 (0aly).

desaxintion of faseil snssvinl:~ Bedimm, 4.5 shorls; sttesvated,
dextral, sribsstyophic, siightly invelute, strengly shouldersd, abapieal
profile of sesh whorl sarrower in disseter than sdapicel profile, bedy
whorl abeat 2/3 of height; marrowly to mederstely wbilicste: transverse
fine 1ines on uil wiaris sxcept smelsar shorl and subseguent § wherl,
wbaria insresse in dissster regularly, se ocallus; subrecissgular,
ohlong-ovats apsrtare helght always graater then ¥ shell height in
wsbrokes specimens, sperturs with a siightly recurved parietal 11p
partially comstriciing wabilisns; met cpereslats,

oNg » Ne, of Skell parture
Worls Beight Diemster Uetght Dlameter
Bii-1 5 3 3.5 3.6 1,
aniy-2 B £ 3.1 3.1 2.0
35113 5 6.0 3.4 3.8 2.1
134 4172 5.6 3.2 2.9 1.8
35115 s 6.2 3.2 3.2 3.0
b0 ¥ 2 3 5 6.8 broken 3.3  bhrokew
b3 5 T 4 4 1/2 8.8 2.9 2.9 1.9
35138 4 3.8 2.9 30 1.8
W19 4 3.3 2.0 1.7 1.2
m?*l 5 l!‘ ?o‘ 30& ‘q: g-‘

Jcoucrangesi~ A. d511; B, 3611; €. 36003 . 1762; 6. 3004; H. osesrs;
K. oosurs; O, 3361; S. 3867, 3290, 3564; Y. NI 2. 314%; AA, 3I4S;
A, 33663 AC. 3133: Al. 6153,




Gaoiogic Age:- Late Wisconsinan,
Remarks:- The species of the genus Lypuass (in the sense of

" Hubendick, 1951, or the family Lymnaeidae in the senss of Baker, 1928a)

s composed of groups which exhibit g wide variety of shell form. Om
the basis of neontelogic as well as merphometric criteria, Hubemdick
(1981, p. 126~128) has grouped the following taxa iste ths species

[LJ hemiiss: m‘ Say, (L] petoskeyemats waiker, (L.] shrussa decamel
Sereng, [L.] doddai. Baker, (L] sanerats Sey. [L.] mbilicets Adems,
(] srclostoms weiker, (L.] pagva Les, [L.] pazva sterkii seker,

(L] owassosnsis Beker, [L.] daili Baker, [L.] pilshryl Hemphill,

[L.) forrugines Huideman, [L] swmilis medicells Sey, [L] Bmmilis
zustica Lea ond [L.) sbiusss Sey. It is beyond the power of the
paleontolegist to cremte twxa having as Agrut & range of shell

morpholegy as Hubendick has created, Becauss I regerd the criteris
availabie to Hubemdick. as probably wore iwieaun of sstural breeding
populetions I accept his revizion. The sheils reported here ere
apparently of the forms designsted in the symonymy ounly.

Sxraulus papyus (Sey), 1817
Pi. I Figs, 4-6,

(1) Elsmorbis (Torguis) ?;m Say. uwmll., 1908, Alaska Harrimsn
Series, v, 13, p. ’ ’

€2) gyrasluz papyms (Sey), Beker, 1928, Wiscounsin Geol. fNat. Hist.
Survey Bull, 70, p. 1, p. 374, pl. 23, fig. 27-31, & 3%. Tayler,

mw.as 8, Geol. S‘m'm Prof, Paper 337, p. 38, pl. 4, fig. 1-13,
17, 18,

planispiral, dextral, advolute, shoulders rounded, abwpical profile of
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whorl siightly mere obese than 3be adapieal profile; surfase srnamsnted
wlth fine transverss costeiles which occupy former aperturs positions;
uw.lua suhn below sxbsequest whorls and wnorsamented; very wide
apicsl and sbupical wmbilicnses, all whoris visibie from either apieal
or sbapics] view; aperture deflected shapically except ia shells with
less thaz 3% whorls, forms a 45° sagle with the axis of seiling, met
opersulate, without & calliug,

oz Ne, of Shell
whorls Helight Dismeter
BT 31/2 '63.5 g .1= '
BT4-2 3 1/2 0.9 2.9
3574-3 4 1.4 4.2
BT4-4 31/2 2.9 2.9
35745 31/2 1.} 3.1

Securrenges:- A. 3512; B, 3510, 3621, 3634; C. 1772, 3598; D, 1766;
E. 3652; F. 1708; G, 2466, 357B: H, 3540; J, 3M2M; K, 3M66; L. 3340;

M. 3370, 3386; N, 3397; 0, 3358; Q. 3452, 3548; S, 3229, 3230, 3T,
3262, 3303, 3324, 3574; T, 3288; ¥, 3122; Y. :?174: Z. 3139: A&, 3147;
AC, 3157; Au, 3188; AF, 3130, 31i7; al. 6151; AJ. 6163; AN, 6170,

Geolagic Aqe:~ Late ¥isconsinan,

Bemarki:- The apecimens assigned to this species were distisguished
largely on the basis of their beving a wide adaspical and sbapicsl
umbilicus, siightly excentric whorl prefile, and the downward defleection
of the last i wherl] iz larger specimens and the tendamecy Loward this
deflection in shells not yet fully developed, Specimeas of 3 similer
form and size, but lacking the above characters with the exception of
the wide wmbllicus, have been desigmated az Gyranlus sp. It is quite
possible that these latter specimens are mevely s group of shell forms

within the species §. paryus. The matter is veceiving further stady.
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Promensius gxacuous (Sey), 1821
P1. 1 Fig. 7
(1} Flanozhis ( ) expguens (Sey). Oall, 1905, Harrisan Alasks
series, v, 13, p. 91.

(2) Neonetus sxRewOus !&ﬁ Baker, 1928, Wisconsin Geol. Nat. Hist,
Survey 8sll. 70, pt. 1, p. 361, pl. 23, fig. 1-5,

(3 mgm (Say). Baker, 1945, Nolluscan Family
ﬂanmm 152,

grial:~ Sesll; 4 whorls; psewndoeplanispiral,

dextral, orthostrophic, disveldal shoulder of last whorl terminates in
an acute angle, involute, mucleus below maxt whorl and unornmmented;
aperturs ovate, withext a callus, frequently broken swmy; surface
esncellate threads; moderately wide apical sad sbapical wmbilicus
exposes all wherls.

Uso = Ne. of Shell Abspical Usbilicus
tkorls Helght Diaweter Diameter (mm)

3249-1 3 1/2 L.4 4.4 —
3209-2 4 2.0 6.7 e
1794-1 31/2 1.4 4.2 1.4
17942 31/2 1.4 4.3 1.2
17T94-3 31/2 4.4 1.3 1.0
17944 3 1.8 2.6 0.9
1794-5 31/4 1.1 3.9 1.0
1794-6 31/4 1.0 3.6 0.8
32321 3 1.1 3.0 .7

1.0 2.8 0.8

3252-2 3

F. 1782; G, 3565, 2467; J. 3413,

3425; K. 3482; M. 3372, 3380; H. 3379; Q. 3456, 2849; . 3446; S, 3232,
3244, 3249, 2263, 3326, WTS; T, 3286; Y. TS; I. N43; AB, 3169;
a,c, 3152; AD, 3189; AP, 3118, 2126; AJ, 6166,

Seolsqie Age:- Late Wisconstnan,
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Amaiger srists (Liase) 1758
Pl. 1 Fig. 8

1) {(Armigex) ?jﬂg (Linme). all, 1905, Gerrvimsn Alaske
13. p. . ’

series, v,

(2) Gxyssles erists (Limse). Baker, 1920, Wise. Geel. Kat, Hist,
Survey Bull. 70, pt. 1, p. 3385-367, fig. 16d.

(3) Amigr g (Lisne). Saker, 1948, dsll. 7am. Plaserbidae,
p. 18, pl. 16, fig, 6. Edeondson, 1959, Mmrd snd ®hippls's
Fresh-water Biel., p. 1128, fig. 43, 17.

‘Deserintion of fassil metexinl:~ Very small; 2-3 wheris; pseudo-
splanispiral, dextral, apex flat, sdapical profile angulate and
tatorrupled by regularly spaced nodes which arise in thickened growih-
interrepiion ridges; adspical profils rounded; surface ormamented with
fine radial lines end ridoes; the thickness of which varies iu individ-
asls; nuclews with spiral lines: sutures deeply impressed; ushilicus
desp and wide; not operculate; withous s callus.

oo = Sa, of Shell No, of Nedes
thoris uoigbt diametor on Shell Peryphery
-1 | 21/2 0.4 1.4 ' T}
3760-2 21/4 0.3 1.0 10
asis 21/4 0.4 1.2 16
dogurrensas:~ B. 3590, 3615, 3629; U. 1760; F. 178%; ¢. 3586,
Mbd; J. 3406; X, 3008; S, 3319; AR, 3144; AD, 3190; AP, 3119, 3128;
AL, 6150,
Seelogic Age:- Late Wiseonsimsn.

Uglisees trivolviy (Say) 1817,

1) w (Pisxesoma) trivelyis (Sey). Dall, 1903, Harrimens
Alaska Ser., v. 13, p, 80, fig. 68, &9,




%W (Sey). bHaker, 1928, ¥Wisc, Geal. Nat. Hist,
?to 1. 90 m' ’Io m, ti’. 1’13 33; 230
Frye and Leomard, 1952, Kansas Geol. Servey Bell. Q‘i. pl. 16,

fig. V.
(3) Helisowa (Pieresoma’ &  (Say). Taylor, 1900, U, 3. Geel,
Survey Prof. Paper 3%1?%.

i Largs; 142 wherls (immature

spaciwens); psencoplauispirsi, sinestrsl, adapical carisse, adepisal
profile rounded; aucleus snd first 1 38 1% whorls sunken below
subsequent wheris; sutures deep; course vadiating threwds on 211
whorls save the nusiens; aperture vousdly lumate and recurved slightly,
not expanded grestly, a distinet callus; mmbilicus small, all wherls
visiblie,

Yesurraacas:~ . 1798; F. 1779; R, 3402; ¢. 3530,

Genlagic Aqe:- Late Wisconsiman,

Aomarks:~ All spocimens were Irsgmentery, therefors no measare-

noats are avaiiable,

Hellsems compapulagum (Sey), 1821

#1. 1 Fig, 1.

(1) Plamazbis (?;mm%' Rells) sozcenulatus Say. Uall, 1905, Alaska
Harziman Ser., w. 13, p. 90, fig. 70.

(2} Helisoma cempanvizts (Sey). Beker, 1928, Wisg, Geel, Nat. Hist,

Suevey, Buil. 70, ps. 1, p. 245, pl. m. fig. 1, 2, 4, 5, 8, 9,
13, and 14,

(3) mw (Say). Beker, 1945, ¥ell. Fam. Planerbidae,
pl. 108, fig. 1-12, 14-17 (enly); pl. IW =&,

ris :i F, €, mﬂ‘. Baker, 1945, Well,

jg):~ Sediwm: 5 whoris; planispiral,

sinestral; whorl angulate 8%t sdapileal shewlder through third whorl,




roeundod thereafter, no carimaes; surface with stromg, regularly spaced
transverss costas at former aperture positions; aperture stroagly
campanuiate, last 1/8 of whovl expandad; parietal ecallus; narrow,
deep unbilicus, secleus and subsequent 2 whorls depressed.

D » Re. of ~ Shell Aperture
Borls Height Diameter Hoight Dismstar
3565 5 58 1.4 5.0 4.6

ecurzaasas:~ D, 1763; B, 3543; K, 3002; 5, 26658; Y, 37%;
AB, 3164; AC, 3154; A0, 3182,
Geoloqic Age:~ Late Wiscoasinam,

Heglisema snceps (Meake), 1830

(1) Flaporbis (Hellsoms) bicerissta Sey. Dell, 1905, Harrisas
Alsska series, v, 13, p. 87, fig. 64.

(2) YHelisomm sntrosa (Convad). Baker, 1928, Wisconsin Geol. Nat,
Hist, Surwvey Ball., 70, pt. 1, p. 317, pl. 19, 8-5, Frye and
Leonard, 1932, Haasas Geol. $nrv¢y Bull., 99, pl. 15, fig. y.
Tathill, Clayton, snd Laird, 1963, Amer. Kidl, Mat. (in press),

(3) Sglisema angens {Nemke). 'l’uywr, 1960, U. $, Geol. Survey
Professisnsl Paper 337, p. 58, 59,

L:= Medium to large; 3 to 3 wherls;

planispiral, sinestral; whorl profile biasngulate, apical angulaties
forms gn imward sloping ramp and iz central whorls a carina, sbapical
sngulatien sore acuts than the apical ono sad forms an infundibulate
onbilicus and » carina; mucleus small and visible frem both sheve and
below, uworsumented; whorls with trausverse cestae at forwer aperture
positions; webilicus maderately wide, spionl umbilicus shallow, all
whorls visibie in apieal end abepical views; apsrture campennlate,

parietal enllus,




96
D = No, of Shell Apsriure
whorls Hedght Dismeter Height ODfameter
3387 3172 1.0 12.7 6.0 7.2
n71-2 31/2 4.3 1.7 3.8 4.4
B71-3 3 3.3 5.8 2.5 3.3

g0 jges:~ A, 3514; B. 36Dd; C. ITT4; 6. 3581; J. 3421; X, M8l;
L. 3343; M. 3384; 5. 3239, 3254, 3268; T. 327 X. 3131; Y. 2Ty
¥, 3148; AC. 3188; Ab, 3180; AF, 2123; 1M,

Geologie dgs:- Late Fiscensisas.

Eamaxki:~ All of the specimens of H. guceps found durisg this stady
appenr to be smliler than specimens 3f the saue Jpeeies 1o bhe found on
the Coteaw amd ¢laswhere in the central United States today.

Esxxiasis f. £. tapda (Say), 1865

(1) Forrissia iarda (Sey). Baker, 1928, Wisc. Geol. and Nat, Hfst,
M‘??ﬁ . ?g' ?“ 1' 3’0 M‘o Plt %. f‘-ﬁo 6"’9. text
'“. d *

jal:~ Vory smell, patelliform, apex

ecoesntric to right sad rear; comcentric thread lines centering om apex
(posterior margis brokew).
IND = Height Hidth Leagsh

Sueurramcs:- 5. 32%6.

Seoienis Agg:- fate Kisconsisan,

Bemazka:~ Only one specimen of the genus Eprrisgin bas been
recovered from sediments of the Missouri Cotean. This may be due te
the frail nsture of this form amd the unavoidebdle roughness of hendling
attendant to wet sieviag,




W
of

Suggines avara (Sey), 1824

| (1) Ssgcines ayars Sey. dall, 1905, Harvimen Alaska 3er., v. 13, p. 57,

fig. 39, Pilsbry, 1948, Acad. Nat. Sei. Phila., Mome. 3, v, 2,

pt. 2, p. 837, fig. 455, Leomard, 1950, Ksnsas Univ. Faleo. Comirid.,
art. 3, p. 23, pl. 4, f£ig. 6. 1952, Kansas Univ. Paleo. Contrib,,
art. 4, p. 23, pl. 2, fig. &.

Desorintien of fassil matarisl:~ Nodiwm; wery thin, 3 whoris; width
asbhout 3/4 of height; speriuve 2/3 of height, oval, mo callus; surfece
orasmentod wirh srinklod linss iu fermer aperture positions,

RE A 1" co lm.

Sgologic Aue:~ Late Fleistocens,

Esmazks:- The ussignuent of members of the fusily Succindaidas %o

species on shell oriteria alone is not possible with any degree of
cortainty. The shells ssen soen 1o best satisfy thoe sharucters given
for Syccines 3yaxs. The gemus is extremely common in the Hissouri
Cotoau distriet at presenmt and the possibility that these specimens are
fncluded by contamination i3 raised by the striking paveity of terres-
trisl snail shells is the 40 sites reported here. Nr. Clayton, the
sollector of this site, has sugoested the possibility that costumination
of the sample may bave ccomrred during collection. Spocines is,
however, known ta have scomrred on the Great Plaims throwghout the
¥lasconsisan Stage and earijer (Loomard, 1950, p. 23, 24; 1952, p. 23,
24; Tayler, 1960, p. 78) 0 that its presesce in Burnstad Urift is aot

ssomalions,




with parietai losella formisg sn isverted ¥ in sperture, lewer and
suter apeyiurel sergin brokes away.

2CONEREReN s~ B. 39,

Senisain Jou:~ lets Fleissseme.

Esmarkas- The genss Saukzuseata i represested iz she Misssuwri
Cstens distriet ot presest by ot lesst 3 spesiss. IS is pesnible that




[

with parietal lzmella formiag an inverted Y in aperture, iower and
ovter apertural margin broken away,

Sceyrrguce:~ B. 35%4.
Geg Age:~ Late Pleiztocene.

Bemarks:~ The genus Gagtrocopts is represented in the Missouri
Coteau distriet at present by at least 3 species. It is possible that

the specimens of Gastroeopta from this site are incladed by contamina-

tion,




2.

3.

4.

6.

7.

9

10.

11.

12,

13.

14,

9%

BIBLIUGRAPHY

3aker, F, €., 1920, & new form of fmmigcla from the Uhic Pleistocene
deposits with notes on a Physs from the same formation: Naeutilus,
v, 33, p. 125,

, 1921, A new form of Pleirtocene mollusks from Illinois:

Nautilus, v, 35, Pe 23.
. 1928, The fresh water Mollusca eof ¥Wiscomsin, pt. 1,

Gastropeds: Viscomsin Gecl, Nat, Hist, Survey Bullmg'Ta,fﬁgﬁﬁii,
507 p.., 28 pl. ' ¥

., 1928a, The fresh water Mollusca of Wiseonsin, pt. 2,

Pelecypods: Wisconsin Geol. Nat, Hist, Survey Bull., 70, pt. 2,
493, 77 pl.

Clayton, Lee, 1961, Late Wisconsin Eollusca from ice-contact deposits
in Logan County, North Dakots: North Daketa Acad, Sei. Pree., v. 15,
p. 11-18,

. 1962 (1963), Glacial Geology of Logan and McIntosh

Counties, North Dakota: North Dakota Geol. Survey, Bull. 37,

Cox, L. R., 1960, Gastropoda, in Moore, R, C,, Treatise on inverte-
brate paleontology, pt. I, Nollusca 1: Geol. Soc. Amer, and Kansas
Univ, Press, 351 p. _

Berry, £, 6., 1943, The Amnicolidse of Michigan; distribution,
ecoclogy, and taxcnomy: MNichigan Univ, Mus, Zool. Bull, 57, 68 p.,
9 pl,

Dall, W, H,, 1905, Land and fresh water mollusks of Alasks and
adjeining regions: Washington, Smithsonian Inst., v, 13, 171 p.,
2 pl,

Edmondson, ¥. T., 1959, Ward and Whipple's fresh-water biology:
New York, John Wiley and Sens, Inc., 2nd ed., 1248 p. '

Frye, J. C., and Leonard, A, B., 1952, Pleistocene geology of Kansas:
Kansas Geol, Survey, Bull, 99, 230 p,, 19 pl.

Frye, J, C., and ¥ilman, H, B,, 1960, Classification of the ¥iseon-
sinan Stage in the Lake Michigan glacial lobe: Illinmois State
Geol., Survey Cire, 285, 16 p.

Howard, A, D., 1922, Experiments in the culture of fresh-water

. Mussels: Bur, Fish, Bull., 38, p. 63-89,

(
Hubendick, Bengt, 1951, Recent Lymnaeaidae; their variation, taxonomy,
nomenclature, and distribution: Kungl. Svensk. Vetenskad, Handl.,
ser, 4, v. 3, 222 p., 5 pl.




15,

16,

17,

18,

19,

21.

130

Laleeque, Avrele, 1960, Quuntitstive wethods in the study of non-
marizme Pleistocene Mollusca: 21 Imter, Geol, Cong. R'pt., p. 1~
141,

Lerke, R, %,, aad Colten, R, B., 1958, Summary of the Pleistocene
Geclogy of North Dakota: North Daketa Geel. Survey, Misc, Ser.
10, p. 41-87, 5 fig.

Leonard, A, B., 1950, A Yarmouthian mnlluscan fauns in the Midconti-
nent region of the United States: Kunsss Univ, Paleontologieal
Contrib, Art. 3, 48 p., 6 »nl.

. 1952, Illinsian and Wisconsinan molluscar fzunas in

Kansas: Kansas Univ, Paleontologicel Contrib, Art. 4, 38 p., 5 pl.

Bubin, Meyer, Likins, R, ©., and Berry, E. 6., 1953, On the validity
of radiocarbon dates from sansfl shells: Jour. Geol. v, 71, p. 84«
88, |

Cox, L. 2., 1960, Gastropods, i Moore, R, C., Treatise on inverte-
brate paleontology, pt. I, Mollusea 1: Geol. Soc, Amer. and Kansas
Univ, Press, 351 p.

Sherrod, N, B,, 1963, Late Pleistocene fish from lake sediments in
Sheridan County, North Dskota: North Dakota Acad. Sci. Proe.,
v. 17, (in press). ~

Taylor, D. W., 1960, Late Cenozoie molluscan faunas from the High
Plains: U. S, Geol. Survey Prof. Paper 337, 94 p., 4 pl.

Thornthwaite, C, W,, 1948, An approach towsrd a rationai classifi-
cation of climate: Geog. Rev,, v, 38, p. 55-94,

Tethill, S, J., 1961, A molluscan fauns and late Pleistoeene climate
in southeastern North Dakota: North Deakota Acad., Sci,, Proc. v. 15,
p. 19-26,

Tuthill, S, J., Claytea, Lese, and Laird, ¥, M., 1963, A comparison
nf a fossil Pleistocene molluscan faune from North Dakota with a
Reeenti melluscan fauna from Minnesota: Amer, Mid'i, Nat,, (in
press).

Tuathill, S, J., and Laixd, W, M., 1963, Molluscar fauna of some
alkaline lakes and sloughs in southern central North Dakota: The
Nawtilus, (in press).

van der Schalle, Henry, 1938, The raiad fauna of the Huron River,
in southeastern Michigan: Michigan Univ. Mus. Zool. Mise. Publ,

. 401 83 ?4. 12 pl.

Walker, Bryant, 1902, A revision of the carinate Valvatas of the
Ho so: Nalltihlt. 'o 15' po 121““125-




101

PLATE 1

Fig. !. Helisomy cappynuigtum (Sey). Clear Lake site (K), approx, 3,
7 X, (UND 3002), )

Figs., 2, 3. i aneeps wmia). Clear Lake site (X), approx. 5 X,

‘ 2, apical view, 3, abapicil view, ' ,

Figs. 4-6. Gyrawlus parvus (Sey). Nue Farm site (S), 4. approx, 6.3 %,
apical view, 5. approx. 7.4 X, abapical view, 6. approx. 7.4 X,
apertural view, (OND 3574-3).

Fig. 7. Promenstus exacuous (Say). Schlenker Farm site (D), approx,
6.8 X, (IND 1794-1),

Fig, 8, Armiger crista (Limne). Nue Farm site (5), approx. 7.5 X,
(o 3318). A

Figs. 9, 10. Lymnges humilis (Say). 9. Nue Farm site (5), approx, 4.6 X,
(UND 3567-1), 10. Cleveland site (A), approx. 5.7 X, (IND 3511-7).

Fig, 11. Lygnaes & (Linne). Nue Farm site (S), approx. 1.4 X
| (D 3309-3)« | ’ ’

Figs. 12, 13. Physa sp, 12. Mummy Cat Slough site (J), approx. 7.0 X,

(UND 3420-3), 13. Schlenker Farm site (), approx. 5.7 X,
(UND 1764~1). :

Figs., 14, 16, ¥Yalvgty pata (Say). 14. Iowa site 1 (T), approx,
M PR N o Farm site (S), approx. 8.5 &, (IND
3570-3).

Fig. 15, Valvata lewisi Currier. Rosenthal 2 site (), approx. 4.9 X,
(UND 3385-2).

Fig. 17. Ammjcola sp. Nue Farm site (S), approx. 8 X, (UND 3493),

Figs. 18, 19. Ammijcols limosa (Say). Nue Farm site (8), 18, approx, 5 X,
: (UND a569-1), 19, approx, 4.2 X, (UND 3569-4), '

 Fig. 20. Ferrissis sp. Nue Farm site (S), approx. 6 X, (UND 3256).

Fig. 21. Pisidium sp. Nue Farm site (S), spprox. 2,3 X, (IND 3220-5).




Plate |I.

18. 12 20. 21.
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PLATE 2

Fig, 1. Apodonty grandis Sey. Nue Farm site (5), approx. 1.3 X,
(UND 3207-1).

Figs. 2, 4. Sphaeriws sp. 2. Nue Farm site (S), approx. 3.8 X, (UND
3301), 4, Cleveland site (A), approx, 4.2 X, (D 3521-1).

Fig. 3. Pearl from naied. Lowenthal site (I), IX, (OND 3336).

Figs, 5-7, , Fadiate siligupides (Barnes). Nue Farm site (5),

S. female, right valve, showing produced pasterior and posterior-
ventral margins typical of this sex in this species, approx.

1.2 X, (UND 3241); 6, articulated valves of male showing excel-
lent preservation of shell and ligament fibers, approx. 0.7 X,
(URD 3279); 7, male, left valve, mpprox., 0,8 X, (DND 3213-1).







	University of North Dakota
	UND Scholarly Commons
	1963

	Mollusks from Wisconsinan (Pleistocene) ice-contact sediments of the Missouri Coteau in central North Dakota
	Samuel J. Tuthill
	Recommended Citation


	Tuthill, Samuel J. MS Thesis 1963
	22

